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ABSTRACT

Temporal aspects of Ciliary Neurotrophic Factor on the Suppressor of Cytokine Signaling 3 Expression and the JAK/STAT Pathway in Rat Retinal Müller cells
By Shobha Topgi

The cytokine ciliary neurotrophic factor (CNTF) is a neuroprotective agent in the central nervous system. CNTF activates the JAK/STAT signaling pathway to induce protein expression, which subsequently levels off due to negative control. One class of negative regulators is the suppressors of cytokine signaling (SOCS) proteins. The goal of my research was to study the temporal aspects of CNTF on SOCS3 gene expression and its relationship to the JAK/STAT pathway; and examine the effects of CNTF on levels of other proteins involved in the JAK/STAT pathway.  

Retinal Müller cells were treated with CNTF for different time periods from 0 to 90 minutes.  The total RNA collected was converted into cDNA for use in quantitative real-time PCR. At 15 minutes, the CNTF-treated cells showed a 2.5 fold increase in SOCS3 mRNA, which increased to 3.5 fold by 30 minutes. The level of SOCS3 mRNA returned to baseline by 90 minutes.  

A separate set of cells were transfected with a dominant-negative STAT3 mutant prior to the treatment with CNTF at different time periods from 0 to 90 minutes. The total RNA collected was converted into cDNA for use in quantitative real-time PCR. The dominant-negative STAT3 mutant appears to negate up-regulation of SOCS3 in response to CNTF. These experimental results indicate SOCS3 as a negative feedback regulator of CNTF activation of the JAK/STAT pathway.  

CNTF-treated cells were analyzed using Western immunoblotting techniques to study the levels of other proteins such as P-AMPK, P-MAPK, and P-AKT that are involved in the JAK/STAT pathway.  There were no significant changes in levels of P-AMPK and P-AKT over 90-minutes. A large increase in the level of P-MAPK was observed at 15 minutes and a substantial decrease was observed at 30 minutes.  The P-MAPK level returned to baseline by 60 minutes.  The role of P-MAPK in the JAK/STAT pathway of retinal cells is under further investigation.  

ACKNOWLEDGEMENTS

I would like to thank Dr. Lori Isaacson and Dr. David Pennock for their support in completing my honors thesis. I would also like to thank Joe Dudley and Dr. Vijay Sarthy for their guidance to complete this research work in their laboratory. 
TABLE OF CONTENTS

1. Introduction








Page 9

2. Materials & Methods






Page 12

3. Results & Discussion






Page 21

4. Conclusion








Page 25

5. References 








Page 26

INTRODUCTION

Müller cells are found in the vertebrate retina and carry out various roles in assisting with the activity of retinal neurons, such as potassium homeostasis and in neurotransmitter uptake and metabolism [1].  These cells also have an active role in pathological conditions.  They lessen glutamate excitotoxicity by eliminating surplus extracellular glutamate in the ischemic retina.  The gliotic response of Müller cells implies that these cells are involved with the phagocytosis of cell remains and scarring.  These cells produce neuroprotective cytokines and neurotrophic factors that alleviate neuronal damage and deterioration.  Retinal conditions involved with Müller cells are X-linked juvenile retinoschisis, cystoid macular edema, sheen dystrophy, and retinal detachment [3]. 

The mechanism of protection of retina by various biochemicals is presumed to involve differential intracellular signaling cascades. Ciliary neurotropic factor (CNTF) is a naturally occurring cytokine that is produced primarily by astrocytes in the central nervous system. It is known to activate the Janus kinase signal transducer and activator of transcription (JAK/STAT) signaling pathway in Müller cells [2].  Control of the magnitude and duration of cytokine signaling is essential to prevent tissue damage.  CNTF has been shown to protect from light damage.  In the early postnatal mouse retina, CNTF induces rapid and transient phosphorylation of STAT1 and STAT3 and the extracellular signal-regulated kinase (ERK) [5].  Such activated Müller cells are capable of initiating a secondary, neuroprotective activity to preserve photoreceptor viability.  In mammals, the JAK/STAT pathway is the main signaling mechanism for a large assortment of cytokines and growth factors [8].  Through the JAK/STAT pathway, the SOCS proteins are involved in many diseases [4].

There are eight SOCS proteins — SOCS1, SOCS2, SOCS3, SOCS4, SOCS5, SOCS6, SOCS7 and the cytokine-induced SRC-homology 2 (SH2) protein CIS.  All have a central SH2 domain, an amino-terminal domain, and a carboxy-terminal 40-amino-acid module, known as the SOCS box [9] (See Figure 1).  In SOCS1 and SOCS3, there is a kinase-inhibitory region, which is necessary for high-affinity binding to JAKs and to inhibit kinase activity. SOCS seem to complete a simple negative feedback loop in the JAK/STAT pathway [8, 9] (See Figure 2). In unstimulated cells, SOCS genes are not usually expressed because signaling molecules, such as the JAKs and STATs, are not active.  However, after binding of cytokines, such as CNTF, cytokine receptor JAKs are brought together, cross-phosphorylate and become active. The now active JAKs tyrosine-phosphorylate signaling proteins, including the cytokine receptors. Protein STATs are recruited through interactions with phosphorylated tyrosine residues on the receptors. They are phosphorylated, dimerize and move to the nucleus. There they stimulate transcription of genes, including those that make SOCS proteins.  The SOCS proteins produced act in a negative-feedback loop to turn off the signal. SOCS3 seems to inhibit JAKs after binding to the receptor. [9].
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Figure 1: Comparison of the eight SOCS proteins [Source: 9]. Each protein has a central SH2 domain, an amino-terminal domain, and a SOCS box. In SOCS1 and SOCS3, a kinase-inhibitory region (K) allows for high-affinity binding to JAKs and to inhibit kinase activity. 
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Figure 2: SOCS proteins are negative feedback inhibitors of cytokine signal transduction [Source: 9]. Activated STATs stimulate transcription of the SOCS genes and the resulting SOCS proteins bind phosphorylated JAKs and their receptors to turn off the pathway.

The regulation and fate of SOCS proteins once they have acted to shut down signaling is not known. One idea is that SOCS disappears.  This would allow a round of cytokine stimulation to be accomplished and the cells to go back to a state where they can once again respond to cytokines [9].  Furthermore, SOCS3 is thought to be stimulated through the JAK/STAT pathway. I hypothesized that SOCS3 would be downregulated in retinal Müller cells with stimulation with CNTF and works through the JAK/STAT pathway. As an extension of my project, I studied other proteins, P-AKT, P-MAPK, AMPK, that are thought to be regulated by CNTF stimulation.  I hypothesized that the levels of these proteins would change in response to CNTF.  Thus, the goal of my research was to study the temporal aspects of CNTF on SOCS3 gene expression and its relationship to the JAK/STAT pathway; and examine the effect of CNTF on levels of other proteins in the JAK/STAT pathway. 
MATERIALS & METHODS

Cell Culture

Materials used were retinal Muller cell line 1 (rMC-1) cells, GibcoBRL (Rockville, MD) Dulbecco’s Modified Eagle Medium (DMEM) media (high glucose, (+) L-Glutamine, (-) Sodium Pyruvate) with Penicillin/Streptomycin (P/S) and L-Glutamine (serum-free), Ciliary Neurotrophic Factor (CNTF), and RNAse-free supplies. Cells were grown in DMEM containing 10% Fetal Bovine Serum (FBS), 200 U/ml penicillin, 200 U/ml streptomycin, and 4mM L-glutamine on 10cm plates.
Preparation of CNTF/media mix

CNTF stock solution was prepared in water and 0.5% acetic acid. 50 (g of CNTF was reconstituted in 1 mL to make a 0.05 mg/mL stock solution. CNTF working solution of 50 ng/mL in serum-free media (DMEM with 1X P/S. 2mM L-Glutamine) was prepared. A 500X dilution was made by diluting a 0.05 mg/mL solution to 100 ng/mL solution. 12 (L of stock solution was added to 6 mL of serum-free media. The media/CNTF mix was warmed to 37° C before use with cells. 
Treatment of rMC1 cells with CNTF

Two days before cell treatment with CNTF, cells from two 10 cm dishes were plated out into three 6 well plates. 15 wells were needed for each of the timepoints in triplicates. The timepoints for treatment of CNTF are 0 minute, 15 minutes, 30 minutes, 60 minutes, and 90 minutes. Each well had about 150,000 cells the day before treatment. Cells were counted at 34 in 5X5 grid x 12 mL of media x 10,000 = 4.08 millions cells total ~ 441 (L/well. On the morning of the experiments, cells (approximately 80% confluent) were switched to serum free media for a minimum of three hours prior to treatment with CNTF for 0, 15, 30, 60 and 90-minute timepoints.  After the cells had been sitting in the serum free media for three hours, cells were rinsed and 1 mL of media/CNTF mix was added to each of the wells of the designated timepoint in the following order:

i) The three 90 minutes wells 

ii) The three 60 minutes wells, 30 minutes later

iii) The three 30 minutes wells, 30 minutes later

iv) The three 15 minutes wells, 15 minutes later

After 15 minutes, cells from each of the wells were scraped and collected into their respective tubes. (Note: No media/CNTF mix was added to the 0 minute timepoint wells. The cells collected from these wells will serve as baseline data points.)

Transfection with dominant negative STAT3 plasmid

The ability to induce SOCS3 expression with CNTF in rMC-1 cells was also examined following the transfection of a dominant negative STAT3 plasmid, pCAGGS-neo-HA-Stat3F, into rMC-1 cells.  The plasmid was kindly provided by Dr Hibi, of Osaka, Japan.  Cells were transiently transfected using lipofectamine [LifeTechnologies, NY], and treated with CNTF for between 0 and 90min.  The cells were then processed for total RNA isolation.

Isolation of Total RNA from rMC-1 Muller cells (Procedure adopted from Invitrogen [Life Technologies, NY])
Cells were pelleted by centrifugation.  1mL TRIzol reagent was added.  Suspension was pipetted repetitively to lyse cells.  Homogenized samples were incubated for five minutes at 15° to 30° C to permit the complete disassociation of nucleoprotein complexes.  About 0.2 mL chloroform per 1 ml TRIzol Reagent was added.  Tubes were capped securely and shook vigorously by hand for 15 seconds.  Tubes were incubated at 15° to 30° C for 2 to 3 minutes.  Samples were centrifuged at no more than 12,000 x g for 15 minutes at 2° to 8° C.  Following centrifugation, the mixture is separated into a lower red, phenol-chloroform phase, an interphase, and a colorless upper aqueous phase.  RNA remains exclusively in the aqueous phase.  The aqueous phase was transferred to a fresh tube.  RNA was precipitated from the aqueous phase by mixing with isopropyl alcohol.  0.5 ml isopropyl alcohol per 1 ml TRIzol Reagent was used for the initial homogenization.  Samples were centrifuged at no more than 12,000 x g for 10 minutes at 2° to 8° C.  The RNA precipitates into a pellet at the bottom of the tube.  The RNA pellet was washed once with 75% ethanol, adding at least 1 ml of 75% ethanol per 1 ml of TRIzol Reagent used for the initial homogenization.  The samples were mixed by vortexing and centrifuging at no more than 75,000 x g for 5 minutes at 2° to 8° C.  At the end of the procedure the pelleted RNA was briefly air-dried.

DNase Treatment and DNase Inactivation (Materials & procedure adopted from Ambion Retroscript [Life Technologies, NY])
1/10 volume of 10x DNase 1 Buffer and 1 (l of DNase 1 were added to RNA isolated from CNTF treated rMC-1 cells at time points of 0, 15, 30, 45, 60, 90 minutes.  Samples were incubated for 20 minutes at 37° C.  2 (l or 1/10 volume DNase Inactivation Reagent were added to samples, mixed well, and left at room temperature for 2 minutes.  The DNase inactivation reagent was pelleted by centrifugation and the aqueous RNA phase was transferred to a fresh tube.
Reverse Transcription of rMC-1 (Materials & procedure adopted from Ambion Retroscript [Life Technologies, NY])
Approximately 1-2 (g total RNA, 2 (L Oligo (dT) or Random Decamers, 2 (L 10x RT Buffer, 4 (L dNTP mix, 1 (L placental RNase inhibitor, and 1 (L MMLV-RT were mixed together and diluted to 20 (L using Nuclease-free Water.  The reaction mixtures were spun briefly and then incubated at 44° C for 1 hour.  Then the mixtures were heated at 92° C for 10 minutes to inactivate the Reverse Transcriptase and stored at -20° C.
Real-Time Quantitative Polymerase Chain Reaction (Materials and procedure adopted and materials from Bio-Rad [Bio-Rad, CA])
Materials used were Bio-Rad iQ SYBR Green Supermix [2x], cDNA template isolated from rMC-1 cells, SOCS3F primer (100 nM), SOCS3R primer (100 nM), GAPDHF primer (100 nM), GAPDHR primer (100 nM), Sterile water, Bio-Rad 96 well plates, Aerosol barrier pipette, PCR control: Water (no cDNA template), (-)RT control diluted 1:100 with SOCS3 primers, and (-)RT control diluted 1:100 with GAPDH primers. Real-Time PCR was carried out using short olgonucleotide primers (<150 base pairs) against either SOCS3 or glial fibrillary acidic protein (GFAP).  As an internal control, cDNA samples were also amplified with primers for glyceraldehydes phosphate dehydrogenase (GAPDH). All PCR reactions were carried out in a Bio-Rad myiQ Real Time PCR Detection System using the DNA-binding dye SYBR Green I. There were two negative controls among the PCRs: the (–)RT control from the previous step, and the minus-template PCR, which should have all the PCR components, but use water as template instead of an aliquot of the cDNA (RT reaction). This control will verify that none of the PCR reagents are contaminated with DNA. 
A gradient curve was set up using SOCS3 primers against cDNA prepared Müller cells. The gradient curve provides information on the optimal annealing temperature. Once this optimal temperature is determined, a standard curve was set up using SOCS3 primers against the cDNA. This was done to determine the optimal template dilution and cycle threshold level to produce an exponential increase of PCR product. Once the optimal template dilution and CT were found, cDNA was tested against GAPDH primers and SOCS3 primers using the iQ-PCR. 

iQ SYBR Green Supermix



10 (L

primer 1 (either SOCS3F or GAPDHF)

  1 (L

primer 2 (either SOCS3R or GAPDHR) 

  1 (L

sterile H20 





  7 (L

cDNA template




  1 (L

TOTAL [per well]




20 (L

*Note: For PCR water control do not use template and add 1 (L more of water to make a total of 20 (L. 

The following reagents were added into Bio-Rad 96 well plate: Bio-Rad iQ SYBR Green Supermix [2x], cDNA template isolated from rMC-1 cells, SOCS3F primer (100 nM), SOCS3R primer (100 nM), GAPDHF primer (100 nM), GAPDHR primer (100 nM) and sterile water.
Program Protocol:

Cycle 1: (1X) Step 1: 95.0° C for 00:30.

Cycle 2: (1X) Step 1: 95.0° C for 03:00.

Cycle 3: (40X) Step 1: 95.0° C for 00:15. Step 2: 63.3° C for 01:00.

Cycle 4: (1X) Step 1: 95.0° C for 01:00.

Cycle 5: (1X) Step 1: 55.0° C for 01:00.

Cycle 6: (80X) Step 1: 55.0° C- 94.5° C for 00:10.

After every run of the iQ-PCR, the gradual temperature change in cDNA is graphed, called a melt curve. This procedure is important because the SYBR Green detects any double stranded DNA including primer dimmers, contaminating DNA, and PCR product from misannealed primer. The specificity of the resulting amplifications was confirmed by a melt curve in each experiment, and experiments were considered valid only if the melt curve showed a sharp single peak at the expected melting temperature. This ensured us that the desired amplicon was detected. 

Protein Isolation [Materials from Sigma-Aldrich, MO]
Materials used were a centrifuge, centrifuge tubes, physiological wash buffer (Dulbecco’s Phosphate Buffered Saline [DPBS]) and reagents. Reagents used included Radio-Immunoprecipitation Assay (RIPA) Buffer, protease inhibitor cocktail P9340, phosphatase inhibitor cocktail 2 P5726, and phosphatase inhibitor cocktail 3 P0044. RIPA buffer enables efficient cell lysis and protein solubilization while avoiding protein degradation and interference with the proteins immunoreactivity and biological activity. RIPA buffer also results in low background in immunoprecipiation. The solution contains 150 mM NaCl, 1.0% IGEPAL CA-630, 0.5% sodium deoxycholate, 0.1% SDS, and 50 mM Tris at pH 8.0. The protease inhibitor cocktail is a mixture of protease inhibitors with broad specificity for the inhibition of serine, cysteine, aspartic proteases and aminopeptidases. The cocktail contains 4-(2-aminoethyl)benzenesulfonyl fluoride (AEBSF), pepstatin A, E-64, bestatin, leupeptin, and aprotinin. The phosphatase inhibitor cocktail 2 is a mixture of inhibitors that will inhibit acid and alkaline phosphatase as well as tyrosine protein phosphatases. The cocktail contains sodium vanadate, sodium molybdate, sodium tartrate, and imidazole. The phosphatase inhibitor cocktail 3 is a mixture of inhibitors that has been optimized and tested for L-isozymes of alkaline phosphatase as well as for serine/threonine protein phosphatases. The cocktail contains cantharidin, p-bromolevamisole oxalate, and calyculin A. 

Protocol

The suspension of cultured cells was centrifuged at 450 x g for 5 minutes.  The growth medium was carefully removed from the resulting cell pellet by decantation. DPBS was added to the pellet, mixed briefly to resuspend the cells, centrifuged for 5 minutes at 450 x g to pellet the cells, and then the wash solution supernatant. The wash was repeated to remove any minor contaminants. RIPA Buffer was added in the ratio of 1 mL per 0.5 to 5 X 10^7 cells and then mixed to resuspend cells. The suspension was incubated on ice ( 2- 8°C) for 5 minutes. The suspension was then vortexed briefly to resuspend and lyse residual cells. 

Bradford Protein Assay

The aim of the protein assay is to determine the amount of protein in rMC-1 CNTF-treated Muller cells. This was useful in loading the same amount of protein for each of the timepoints in western blots. Materials used were concentrated pure Bovine Serum Albumin (BSA) (2 mg/mL), sterile water, dye reagent concentrate from BioRad, unknown samples, BioRad SmartSpec Plus Spectrophotometer apparatus, ELIZA plate reader machine. 

Preparation of the BSA standard curve

Three 1 mL volume of four dilutions were prepared using the following reagents:

Dilutions:


2 (g/mL
4 (g/mL
8 (g/mL
10 (g/mL

Concentrated BSA 

1 (L

2 (L

4 (L

5 (g/mL

Sterile water

799 (L

798 (L

796 (L

795 (L

Dye reagent concentrate
200 (L

200 (L

200 (L

200 (L

Preparation of unknown samples

Three dilutions of each of the unknown samples were prepared by adding 10 (L of the unknown sample, 200 (L of dye reagent concentrate and filling the tube to the 800 (L mark. Additionally, three “blank” sample tubes containing only sterile water (800 (L) and dye reagent concentrate (200 (L) were made. 
MicroAssay Procedure

A BioRad SmartSpec Plus Spectrophotometer was used to analyze the protein concentration of the samples. The following were entered into the apparatus: “Protein” when asked what kind of assay. “Bradford” when asked what type of protein assay. “595 nm” when asked the wavelength to be read. “No” when asked “Do you want to subtract background reading?” “Yes” when asked “Do you want to make a new standard curve?” “3” when asked the number of blank replicates. The first of the three blanks was inserted and “Read Blank” was pressed. This was repeated for each of the blank samples. “6” when asked the number of standards. “(g/mL” when asked the concentration units. “Yes” when asked “Same number of replicated for each standard?” The first of the “blank” sample tubes was inserted and “Read Sample” was pressed. This was repeated for each of the “blank” sample tubes. This process was continued for each of the unknown sample tubes. The data was printed and then used to create a plot in Excel. An ELIZA machine/ plate reader was used to further analyze the concentration of protein in the samples. 

Electrophoresis protocol (Materials & procedure adopted from NuPage [Life Technologies, NY])

Preparation of sample solution

The desired final protein concentration is 0.0015 mg/ml. The corresponding amounts of sample, reducing agent and 4X NuPAGE LDS sample buffer were mixed:

Sample buffer





  11.25 (L

Reducing agent 




   4.50 (L

Protein sample 




~29.25 (L 

Total volume





~45.00 (L

The sample solutions were brought up to the final volume with ultrapure water. The solution was mixed. The final reduced sample solutions and 10 (L protein ladder were placed in a heat block set at 70°C for 5 minutes. Tubes were centrifuged for 20 seconds and then kept on iced for 5 minutes. 

Preparation of buffer 

A 1 L running buffer solution was prepared by adding 50 mL of NuPAGE Running Buffer MES 20X and 950 mL of ultrapure water. The solution was inverted to mix. 

Electrophoresis protocol

The NuPAGE Bis-Tris gel was removed from pouch and rinsed with deionized water. The tape was peeled off of bottom of the cassette and the comb was gently and carefully pulled from the cassette. The cassette was placed in the XCell SureLock Mini-Cell so that the notched well side of the cassette faced the buffer core. The accompanying set of wedges was used to seal the gel in place. A small amount of prepared 1X running buffer was added to the lower buffer chamber to check for tightness of the seal. If there was no leakage, then the lower chamber was filled with the running buffer until the buffer level was higher than the level of the wells (approximately 600 mL). The upper chamber was then filled with running buffer until the buffer completely covered the sample wells (approximately 200 mL). The protein ladder and samples were carefully and slowly loaded into their respective wells to prevent overflow and contamination into other wells. 200 mL of antioxidant was added to the lower chamber and pipetted within the buffer solution to mix. This ensured that that the reduced samples do not reoxidize during electrophoresis. Reoxidization during electrophoresis can result in band broadening or band splitting or smearing as the proteins migrate down the gel. The Mini-Cell lid was properly aligned with the buffer core and firmly closed. The electrode cords were connected to the power supply. The red electrode was connected to the positive jack and the black electrode to the negative jack. The power supply was then turned on. The voltage was set to 190 V and the current was set to 0.11 A. The gel ran for approximately 30 minutes or until bands reached a half inch from the bottom of the gel. When the run was complete, the power was shut off, electrodes were disconnected and the gel was removed from the Mini-Cell. 

Western transfer instructions (Materials & procedure adopted from NuPage [Life Technologies, NY])

Materials used were XCell II Mini-Cell and Blot Module (Cat. no. E19001 and E19051), previously electrophoresed NuPAGE mini-gels, PVDF membrane, blotting pads, ultrapure water, NuPAGE transfer buffer (Cat. no. NP0006 for 20X concentrate), NuPAGE Antioxidant (Cat. no. NP0005), shallow tray, methanol, and Coomassie Blue stain.

Preparation of buffer

A 500 mL solution of 1X NuPAGE transfer buffer was prepared by adding 424.5 mL of ultrapure water, 25 mL of NOVEX 20X NuPAGE Transfer Buffer, 0.5 mL of NuPAGE Sample Antioxidant, and 50 mL of methanol. The solution was inverted to mix. 

Preparation of blotting pads

Blotting pads were soaked in the prepared in transfer buffer until saturated (approximately 700 mL). The pads were squeezed while submerged in the buffer to remove air bubbles. This prevented air bubbles from blocking the transfer of biomolecules. 

Preparations of transfer membrane and filter paper

The transfer membrane and filter paper were cut to the size of the gel. The PVDF membrane was soaked in methanol for 30 seconds. 

Assembling the gel membrane sandwich

The gel membrane sandwich and blotting pads was positioned in the cathode core of the blot module to fit horizontally across the bottom of the unit. There was a gap of about 1 cm from the top of the electrodes to where the pads and assembly are in place. Periodically air bubbles were removed and transfer buffer was added to the sandwich to keep everything soaked. The gel was removed from the gel cassette carefully and the wells were removed with a knife. The gel was trimmed by cutting off the foot of the gel. Two soaked blotting pads were placed into the cathode core of the blot module. The cathode core can be distinguished as the deeper of the two cores. A piece of pre-soaked filter paper was laid on top of the blotting pads. The gel was placed on top of the filter paper. The pre-soaked transfer membrane was placed on top of the gel. A piece of pre-soaked filter paper was laid on top of the transfer membrane. A glass pipette was rolled over the surface of the sandwich to remove any air bubbles. Add two more soaked blotting pads on top of the filter paper. The blot module was pressed together and secured into the lower buffer chamber. The inverted gold post on the right hand side of the blot module was fit into the hole next to the upright gold post on the right side of the lower buffer chamber. The blot module was filled with transfer buffer until the gel membrane sandwich is covered in transfer buffer. The lid was placed on top of the unit and the unit was placed in a bucket of ice to prevent overheating. Plug the red and black electrodes into the power supply. The power supply was turned on and the current was set to 0.17 A. After about 1 to 2 hours, the power was turned off. The gel sandwich was removed from the unit. The transfer membrane was placed in shallow container. The gel was placed in a shallow container with Coomassie Blue and covered with plastic wrap. The stain was observed the next day and an absence of stained bands would indicate that the transfer from the gel to the membrane was successful. 

Western immunoblotting protocol [Materials from Cell Signaling Technology, MA]

Western blots were useful in determining the levels of p-STAT3 in cells treated with CNTF at timepoints between 0 minutes and 2 hours. Antibodies used were p44/42 MAPK (Erk1/2) Antibody (Cat. no. 9102), Phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) Antibody (Cat. no. 9101), Akt Antibody (Cat. no. 9272), and Phospho-Akt (Ser473) Antibody (Cat. no. 9271). All antibodies were derived from rabbits. 

Preparation of wash buffer 

A 1X Tris Buffered Saline (TBS) and 0.1% Tween-20 solution was prepared by adding 50 mL of 10X Tris Buffered Saline (TBS), 450 mL of distilled water, and 500 (L of Tween-20 to a test tube. The solution was inverted to mix. 

Preparation of blocking buffer 

A 5% Bovine Serum Albumin (BSA) and 5% milk blocking solution was prepared by adding 1 g nonfat milk powder, 1 g Bovine Serum Albumin (BSA) powder, and 20 mL of prepared wash buffer. The solution was inverted to mix. 

Preparation of primary antibody buffer

A primary antibody solution was prepared by adding 10 mL of prepared blocking buffer and 10 (L of primary antibody to a test tube (Primary antibody diluted 1: 1000). The solution was inverted to mix. 

Preparation of secondary antibody buffer

A secondary antibody solution was prepared by adding 0.75 g of nonfat milk powder, 15 mL of prepared wash buffer, 7.5 (L of secondary anti-rabbit (#7074) antibody conjugated to horseradish peroxidase (HPR), and 15 (L of anti-biotin antibody conjugated to HPR to a test tube (Secondary anti-rabbit antibody diluted 1:2000 and Anti-biotin antibody 1:1000). The solution was inverted to mix. 
Preparation of LumiGLO Solution

A 10 mL LumiGLO solution was prepared by adding 9 mL of distilled water, 500 (L of LumiGLO chemiluminescent reagent, and 500 (L of peroxide to a test tube. The solution was inverted to mix. 

Membrane blocking and antibody incubations

The transfer membrane was rinsed with enough prepared wash buffer to cover the membrane (about 25 mL) for 5 minutes. The buffer was subsequently removed. 10 mL of blocking buffer was added to the membrane and placed on a stirrer for 1 hour. The solution was replaced with the prepared primary antibody buffer. The membrane was placed on a stirrer for either 1 hour or overnight in the cold room. The buffer was removed from the membrane. The membrane was rinsed with the wash buffer three times for 5 minutes each, removing the buffer after each rinse. The prepared secondary antibody buffer was added to the membrane and placed on a stirrer for 1 to 2 hours. The buffer was subsequently removed. The membrane was then rinsed with the wash buffer three times for 5 minutes each, removing the buffer after each rinse. The LumiGLO solution was added and the membrane was soaked for 1 minute. The membrane was removed from LumiGLO solution and lightly patted with a paper towel. The image was captured with film and intensifying screen for 30 seconds to 2.5 minutes. The film was analyzed by comparing band intensities. 

 RESULTS & DISCUSSION

Quantitative real-time PCR (qPCR) Data Analysis [Life Technologies, NY]
For Real-Time qPCR Data Analysis the relative quantification normalized to the reference gene GAPDH by the 2–LLCt (Livak) Method was used.  The comparative threshold method is commonly used to quantify the results obtained by real time PCR.  This involves comparing the Ct values of the SOCS3 signal in CNTF treated samples with a housekeeping gene, in this case GAPDH. The comparative Ct method is calculated by the formula: [delta][delta]Ct = [delta]Ct,treated - [delta]Ct,untreated.
[delta]CT,treated is the Ct value for the treated samples normalized to GAPDH.  [delta]Ct, untreated is the Ct value for the calibrator/reference that is also normalized to GAPDH.  The amount of target normalized to an endogenous reference and relative to a control sample is given by: Xuntreated / Xtreated =2[delta][delta]Ct
Xuntreated / Xtreated is the relative expression of SOCS3 or GFAP in the treated samples to the untreated samples.  The averages for each of the time point samples were graphed to visually represent the changes in levels of GFAP or SOCS3.  The second graphs in each of the figures are the results for CNTF treated cells transfected with the dominant-negative STAT3 mutant.

Treatment of rMC-1 cells with CNTF increases SOCS3 and GFAP expression

After treatment of rMC-1 retinal Muller cells with 50 ng/ml CNTF, using quantitative Real-Time PCR, there was a rapid increase of SOCS3 mRNA.  Within 15 minutes after CNTF treatment, there was a 2.5 fold increase of SOCS3 mRNA, and by 30 minutes there was a maximum of a 3.5 fold increase of SOCS3 mRNA (Figure 4A).  This response was transient and decreased back to baseline by 90 minutes after CNTF treatment.

The effect of CNTF on GFAP expression in the rMC-1 retinal Muller cells was examined.  It has previously been established that treatment of Muller cells with CNTF results in a substantial increase of GFAP mRNA and protein levels [3].  Thus, the effects of CNTF on GFAP as a control of CNTF response were also examined.  After treatment of cells with 50 ng/ml CNTF, using quantitative Real-Time PCR, there was a rapid increase of GFAP mRNA.  Within 15 minutes after CNTF treatment, there was a 10 fold increase of GFAP mRNA, and by 60 minutes there was a maximum of a 30 fold increase of GFAP mRNA (Figure 3A).  This response was transient and decreased back to baseline by 90 minutes after CNTF treatment.
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Figure 3: Treatment of Muller cells with CNTF results in a substantial increase of GFAP mRNA and protein levels. A)  An increase of GFAP in rMC-1 Muller cells taken at time points of 0, 15, 30, 60, and 90 minutes is seen in response to treatment with CNTF.  B) rMC-1 cells transfected with a dominant negative STAT3, mutant prior to stimulation with CNTF, results in a disruption of the up-regulation of GFAP in response to CNTF.
Transfection of rMC-1 cells with a dominant-negative STAT3 mutant prior to CNTF treatment disrupts expression of SOCS3 and GFAP

In order to test whether the increase in SOCS3 expression after treatment with CNTF is a result of the activation of the JAK/STAT pathway, rMC-1 retinal Muller cells were transfected with a dominant negative STAT3 plasmid, pCAGGS-neo-HA-Stat3F.  This mutant plasmid disrupts the normal activation of the JAK/STAT pathway by binding to STAT3 and preventing proper dimerization of the phosphoralated form of STAT3 (Figure 1).  After transfection with STAT3 mutant and CNTF treatment of Muller cells, there was no observed increase of SOCS3 mRNA.  Instead the disruption of the JAK/STAT pathway results in decreased levels of SOCS3 mRNA as indicated by qPCR (Figure 4B).  GFAP mRNA levels were also disrupted by the transfection with the dominant-negative STAT3 mutant prior to treatment with CNTF.  In the case of GFAP, the mRNA levels were greatly reduced from a 30 fold increase seen in non-transfected cells to less than a 5 fold increase in transfected cells (Figure 3B).
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Figure 4: The mutant plasmid disrupts the normal activation of the JAK/STAT pathway by binding to STAT3 and preventing proper dimerization of the phosphorylated form of STAT3. A) An increase of SOCS3 in rMC-1 Muller cells is seen in response to treatment with CNTF with a peak at 30min of 3.5 fold.  B) rMC-1 cells transfected with a dominant negative STAT3, mutant prior to stimulation with CNTF, results in a decrease of SOCS3 in response to CNTF.
Treatment of rMC-1 cells with CNTF increases P-MAPK expression and does not significantly effect P-AMPK and P-AKT levels

CNTF-treated cells were analyzed to study the levels of other proteins P-AMPK, P-MAPK, and P-AKT that are involved in the JAK/STAT pathway via Western immunoblotting techniques.  Results are based on several Western blots.  There were no observed significant changes in levels of P-AMPK and P-AKT over 90-minutes. A large increase in the level of P-MAPK was observed at 15 minutes and a substantial decrease was observed at 30 minutes.  The P-MAPK level returned to baseline by 60 minutes. The reason for these observations has not been determined and may be due to additional signaling pathways that CNTF activates and regulates. 
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Figure 5: Treatment of rMC-1 Muller cells with CNTF did not significantly alter the levels of P-AKT and P-AMPK.  
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Figure 6: Treatment of rMC-1 Muller cells with CNTF led to a sharp increase in the level of P-MAPK at 15 minutes. The level decreased substantially by 30 minutes and returned to baseline by 60 minutes. 

CONCLUSION

Through data analysis of the real time polymerase chain reaction experiments, it was discovered that there was an increase in the levels of SOCS3 with treatment with CNTF during time periods 0 to 90 minutes.  Furthermore, transfecting rMC-1 Müller cells with the dominant-negative pCAGGS-Neo-STAT3F plasmid before treatment with CNTF resulted in an inhibition of SOCS3. The dominant-negative STAT3F plasmid inhibits the phosphoralation of STATs by blocking the cytokine-activated JAK/STAT pathway and making CNTF ineffective. Thus, CNTF will not be able to up-regulate SOCS3, and so it was determined that CNTF acts to upregulate SOCS3 via the JAK/STAT pathway. Additionally, levels of other proteins suggested in literature to be involved in this pathway, P-AKT, P-MAPK, and P-AMPK, were studied.  From western blotting techniques, it was determined that CNTF does not significantly affect the levels of P-AKT and P-AMPK. However, CNTF treated cells showed a dramatic increase in P-MAPK levels at 15 minutes that subsequently returned to baseline by 60 minutes.  Further investigation of the role of P-MAPK in retinal Muller cells is needed. It may be that CNTF is stimulating the JAK/STAT pathway or a different signaling pathway to increase P-MAPK. This research has implications in drug discovery as these pathways and proteins are important in retinal degenerative diseases.  
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