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Authors, please fill out the brief questionnaire below.   

A. Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___N______ If yes, please list make and model of your microscope: ________N/A______________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) ___N____ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  __The procedure is actually straight forward, the most difficult aspect is probably making sure the magnet is used during all the washing steps____________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE): 

Conceptual Narrative:
The overall goal of the following experiment is to measure low multiple, low abundance cytokines in human serum samples using a high-sensitivity Milliplex kit. (Intro) 

This is achieved by first combining standards, controls, and unknown serum samples with magnetic capture beads for an overnight incubation. (P1) 

As a second step, analytic-bead conjugates are subsequently labeled with additional reagents and washed to prepare the samples for analysis. (P2)  

Next, a minimum of 100 beads associated with each of the 13 cytokines are acquired on a Luminex MagPix instrument. (P3)

After acquisition, the data files are loaded into EMD Millipore’s Milliplex Analyst software in order to confirm assay performance and to determine the concentration of cytokines in the previously unknown human serum samples. (P4)

Results are obtained that show the Milliplex kit provides superior detection of low abundance cytokines in human serum samples.  The low-end detection of this kit combined with its high throughput is equal to or exceeds that of traditional ELISA methods. (P5)

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Brian McFarlin:  The main advantage of this technique over existing methods, like ELISA, is that it provides superior throughput and cost savings.  This method can help answer key questions in the Immune Health and Disease Risk field, such as understanding the inflammatory changes that contribute to the development of Type II Diabetes Mellitus and various forms of Cardiovascular Disease.
1.1.1. MED:  Brian McFarlin speaks toward camera, interview style.  
1.2. Brian McFarlin:  The implications of this technique extends toward diagnosis of Chronic Disease, because it allows the detection of subtle and very small changes in pro- and anti-inflammatory cytokines.  
1.2.1. CU:  Brian McFarlin speaks toward camera, interview style.  
1.3. Brian McFarlin:  Generally, individuals new to this method will struggle because they fail to grasp the importance of using the magnetic separator during all washing steps.  Visual demonstration of this method is critical as the several of the prepping steps require significant attention to detail in order to obtain reliable results.   
1.3.1. MED:  Brian McFarlin speaks toward camera, interview style.  
1.4. Brian McFarlin:  We first had the idea for this method when we were contracted to complete a study designed to examine the effect of a nutritional product designed to improve immune system health.  We needed a method to provide data on 13 specific cytokine populations on more than 300 blood samples.
1.4.1. CU:  Brian McFarlin speaks toward camera, interview style.  
1.5. Brian McFarlin:  The Milliplex kit provides a means to rapidly assess these outcomes, while reducing the cost to do so.  Also, since we were able to use 10 Milliplex plates as opposed to 130 ELISA plates we were able to complete our analysis in 2 days rather than 2 months.
1.5.1. MED:  Brian McFarlin speaks toward camera, interview style.  
1.6. ** Brian McFarlin:  Demonstrating the procedure will be Adam Venable, a doctoral research fellow from my laboratory. 
1.6.1. MED:  Brian McFarlin speaks toward camera, interview style.  
1.6.2. MED:  Adam Venable looks up from workbench or desk or microscope and acknowledges the camera.


Protocol (read by voice talent at JoVE):
Title Card:  All procedures described in this report were approved by the UNT IRB for human subjects.  
2. Blood Serum Collection
2.1. Subjects arrive at the laboratory following an overnight fast of over 8 hours, and abstention from physical activity of over 12 hours.  After 15 minutes of seated rest, stick the subjects’ fingertip and collect a small blood sample.  
2.1.1. WIDE:  Talent walks the subject into the seating area and directs the subject where to sit.
2.1.2. MED:  The phlebotomy technician sticks the subjects’ fingertip.
2.1.3. CU:  Subjects’ fingertip as phlebotomy technician collects a small blood sample.  
2.2. Clean the skin of the antecubital region of the arm with an alcohol prep pad.  Place a rubber tourniquet around the upper arm. 
2.2.1. MED-over the shoulder:  The phlebotomy technician cleans the skin of the antecubital region of the arm with an alcohol prep pad.
2.2.2. CU:  Subjects’ arm as phlebotomy technician places a rubber tourniquet around the upper arm.
2.3. The phlebotomy technician then selects an appropriate antecubital vein for venipuncture.  Using a 21-gauge butterfly needle, two tubes of blood are collected.  One tube is used for serum and the other is treated with EDTA for the measurement of the complete blood count, or CBC.
2.3.1. MED-over the shoulder:  The phlebotomy technician touches the subjects’ arm, selecting the appropriate antecubital vein for venipuncture.  
2.3.2. ECU or CU:  The phlebotomy technician inserts a 21-gauge butterfly needle into the vein to collect blood.
2.3.3. MED-over the shoulder:  Talent labels the tubes appropriately (i.e as “serum” and “EDTA/CBC”)
2.4. After collection, mix the serum tube by inversion 10 times and leave at room temperature for a minimum of 30-minutes to allow for clotting.  The EDTA tube is immediately analyzed in an automated CBC machine.
2.4.1. MED:  Talent mixes the serum tube by inversion.
2.4.2. MED-over the shoulder:  Talent leaves the serum tube on the bench and starts a timer to count down from 30 minutes.
2.4.3. MED or MED-over the shoulder:  Talent places the EDTA tube in an automated CBC machine.
2.5. After clotting is complete, centrifuge the serum tube at 800 x g for 20-minutes.  Following centrifugation, aliquot the serum into separate 1.2 mL tubes before storing at -80C until analysis.
2.5.1. MED:  Talent places the tube into the centrifuge, closes the lid, and turns on.
2.5.2. CU:  Centrifuged tubes and 1.2 mL tubes as talent aliquots the serum into separate 1.2 mL tubes.
2.6. Talent:  Confirmation of fasting and hydration are two crucial screen checks that should be completed on any collected sample.
2.6.1. MED:  Talent looks up from automated chemistry analyzer and speaks toward camera.
2.7. Serum is analyzed using an automated chemistry analyzer to determine that the subjects are indeed fasted.  Whereas the CBC measure confirms that the subjects are not dehydrated.  
2.7.1. MED:  Talent places some of the serum sample into the automated chemistry analyzer.
2.7.2. MED-over the shoulder:  Talent reviews the CBC measurement on the computer screen.
2.8. Talent:  Confirmation of fasting and hydration are two crucial screen checks that should be completed on any collected sample.	Comment by Brian Mcfarlin: This was originally 2.6, but was out of order.
3. Measurement of Serum Total Protein and Lipid Content
3.1. After the serum sample has been thawed for analysis, pipette the well-mixed serum onto duplicate Direct Detect spectrometer analysis spot cards at 2 L per spot.  Allow to dry at room temperature for about 5 minutes. 
3.1.1. MED-over the shoulder:  Talent pipettes 2 L of the thawed, mixed serum sample onto a spot card.  
3.1.2. CU:  Spot card as talent pipettes 2 L onto a second duplicate spot card and then it is left to dry.	Comment by Brian Mcfarlin: Combined with 3.1.1 in one shot
3.2. Once dry, load the analysis card into the direct detect instrument and read each spot to determine the total protein and lipid content. 
3.2.1. MED-over the shoulder:  Talent loads the analysis card into the direct detect instrument.  Match action in next shot.
3.2.2. CU:  Spot card as it is loaded into the direct detect instrument.
3.2.3. MED:  Talent at analysis computer prepares to read each spot.
3.3. Calculate the total protein content on an absolute scale, and the lipid content on a relative scale using the standard curves programed into Direct Detect. 
3.3.1. MED-over the shoulder:  Screen as talent determines the total protein content on an absolute scale and determines the lipid content on a relative scale using the standard curves programed into Direct Detect.  
3.4. Record the respective total protein and lipid content for each giving sample.  These values can be used as a reference for when samples do not analyze properly on the Milliplex assay.
3.4.1. CU:  Lab notebook as talent records the respective total protein and lipid content for each giving sample.
3.4.2. Talent: Confirms that protein and lipid content are in the appropriate range for Milliplex analysis.
4. MILLIPLEX® Assay Reagent Preparation 
4.1. Prior to beginning the assay, thaw the samples and bring all reagents to room temperature.  Resuspend lyophilized standards and controls in 1 mL of sterile laboratory water and place on a shaker for 20 minutes to reconstitute.  
4.1.1. MED:  Talent removes the samples from freezer.
4.1.2. CU:  Lyophilized standards and controls as talent resuspends in 1 mL of sterile laboratory water.
4.1.3. MED-over the shoulder:  Talent places the standards and controls on shaker to reconstitute.
4.2. Prepare 1x MILLIPLEX® wash buffer with laboratory water from a 10x stock solution, supplied with the kit.  Drive fluid was purchased from Luminex Corporation and used undiluted.  MILLIPLEX® assay buffer was also supplied as a ready to use solution. 
4.2.1. MED:  Talent prepares the 1x MILLIPLEX® wash buffer with laboratory water from a 10x stock solution.
4.2.2. MED-over the shoulder:  Next to the labeled diluted 1x MILLIPLEX® wash buffer, talent places the drive fluid and then the MILLIPLEX® assay buffer.
4.3. Place the pre-mixed capture bead suspension on the shaker along with the stock standard and controls.  It is important to note that if pre-mixed beads are not used, then additional dilution and mixing will be needed to prepare the capture bead solution.  
4.3.1. MED-over the shoulder:  Talent places the pre-mixed capture bead suspension, stock standard and controls onto the shaker.
4.3.2. CU:  Shaker with the pre-mixed capture bead suspension, stock standard and controls as talent turns on.	Comment by Brian Mcfarlin: Combined with 4.3.1 in single shot
4.4. Prepare solutions for a standard curve via serial dilution of the 2,000 picogram per mL stock standard to encompass a 1 to 3 dilution factor across the standard range.  Prepare a background standard using 100 L of the MILLIPLEX® assay buffer.
4.4.1. MED:  Talent works to prepare the solutions for the standard curve via serial dilution of the 2,000 picogram per mL stock standard.  Editors, start with the shot of the action, dim the shot and bring in the following - TEXT overlay:  Standard Solutions (pg/mL): , 400, 80, 16, 3.2, 0.64, 0.13
4.4.2. MED-over the shoulder:  Talent prepares a background standard using 100 L of the MILLIPLEX® assay buffer.
4.5. Reconstitute the lyophilized serum matrix solution using 5 mL of laboratory water.  Vortex the solution and hold it at room temperature for at least 10 minutes before use.
4.5.1. CU:  Lyophilized serum matrix solution as talent adds 5 mL of laboratory water.
4.5.2. MED-over the shoulder:  Talent vortexes the solution and places it into a tube holder on the bench
5. MILLIPLEX® Assay Technique
5.1. Use either 8-channel or 96-channel electronic pipets for all sample and reagent additions to reduce error associated with liquid transfer.  
5.1.1. Title Card	Comment by Brian Mcfarlin: Added video shot of 8-channel and 96-channel pipets that will be used in testing.
5.2. To begin assay, combine 25 L of capture beads with 250 L of MILLIPLEX® wash buffer in individual wells of a Griener 96-well, thin membrane bottom plate and incubate for 10 minutes at room temperature on an orbital shaker. 
5.2.1. CU:  Griener 96-well, thin membrane bottom plate as talent combines 25 L of capture beads with 250 L of MILLIPLEX® wash buffer in individual wells.
5.2.2. MED-over the shoulder:  Talent leaves the plate on an orbital shaker.
5.3. After a 90 second incubation on a handheld magnetic separator, decant wash buffer and retain magnetic capture beads.  Take care to ensure that the plate is in constant contact with the handheld magnetic separator. 
5.3.1. MED:  Talent picks up handheld magnetic separator following incubation and motions to decant wash buffer.  Continue action in next shot.
5.3.2. CU:  Handheld magnetic separator as talent decants buffer.	Comment by Brian Mcfarlin: Combined with 5.3.1 in single shot
5.4. Following decanting, add 25 μL of each standard, control, or unknown sample to each well in duplicate.  Add 25 L per well of serum matrix solution to background, standard, and control wells to match background associated with sample source.  
5.4.1. MED-over the shoulder:  Talent adds 25 μL of each standard, control, or unknown sample to each well in duplicate.  
5.4.2. CU:  Talent adds 25 L per well of serum matrix solution to background, standard, and control wells. Add 25 mL of assay buffer to sample wells.
5.5. Seal the plate with an adhesive plate sealer… wrap with foil… and incubate overnight at 8°C on a plate shaker.
5.5.1. MED:  Talent seals the plate with an adhesive plate sealer.	Comment by Brian Mcfarlin: Combined with 5.4.2 in a single shot
5.5.2. CU:  Plate as talent wraps with foil.
5.5.3. MED-over the shoulder:  Talent leaves to incubate at 8°C on a plate shaker.  TEXT overlay:  16-18 hr, 200 rpm
5.6. Following the overnight incubation, place the plate on the handheld magnetic separator and incubate for 90 seconds.  Then decant the liquid contents of the plate.  
5.6.1. CU/MED-over the shoulder:  Multiple takes as talent places the plate on a magnetic separator and an adjacent timer begins to countdown from 90 seconds.  Shot will be reused twice.
5.6.2. MED:  Talent decants the liquid contents of the plate.
5.7. Remove the plate from the magnet and add 250 L of MILLIPLEX® wash buffer using a 96-channel pipet.  Incubate for 90 seconds on the handheld magnetic separator before decanting. 
5.7.1. MED-over the shoulder:  Talent adds 250 L of MILLIPLEX® wash buffer to the plate using a 96-channel pipet.  
5.7.2. Shot 5.6.1 – Talent places the plate on a liquid separator. Wait 90-sec and decant	Comment by Brian Mcfarlin: Combined with 5.7.1 in a single shot
5.8. After repeating this wash procedure three times, leave the plate wet and add detection antibody at 25 L per well.  Incubate for 1 hour at room temperature on a shaker in the dark.  Following incubation, without washing, add streptavidin-phycoerythrin at 25 L per well.  Seal the plate and shake in the dark at room temperature for 30 minutes. 
5.8.1. MED:  Talent adds detection antibody at 25 L per well.  
5.8.2. CU:  Plate shaking on a shaker.  TEXT overlay:  Shake in the dark for 1 hr	Comment by Brian Mcfarlin: Combined with 5.8.1 in a single shot
5.8.3. MED:  Talent uses a pipette to transfer streptavidin-phycoerythrin from a labeled container to the plate at 25 L per well.
5.8.4. MED-over the shoulder:  Talent leaves the sealed plate to shake.  TEXT overlay:  Shake in the dark for 30 min
5.9. Then, place the plate on the handheld magnetic separator and wash three times in the same manner as before.  After the final wash, resuspend the beads in Luminex drive fluid at 150 μL per well.  Wrap the plate in foil and place in the refrigerator prior to acquisition on a Luminex MAGPIX® instrument.  
5.9.1. Shot 5.6.1 – Talent places the plate on a liquid separator.  TEXT overlay:  Wash 3x
5.9.2. MED-over the shoulder:  Talent begins to resuspend the beads in Luminex drive fluid at 150 μL per well.  Match/continue action in next shot.
5.9.3. CU:  Plate as talent resuspends the beads in Luminex drive fluid at 150 μL per well.  
5.9.4. MED-over the shoulder:  Talent places the wrapped plate into the refrigerator.
5.10. The plate is then loaded onto the instrument’s motorized stage before programming the software using the parameters outlined in the Milliplex procedure manual.  Here, Luminex xPonent software was used to generate acquisition protocols, where a minimum of 50 beads were collected from each targeted cytokine.  
5.10.1. CU:  Plate as it is loaded onto the motorized stage.
5.10.2. MED-over the shoulder or MED:  Talent programs the software on the attached computer as necessary for this procedure.
5.11. After acquisition, export the comma separated value files containing the median fluorescent intensity for all standards, controls, and unknown samples from the xPonent software.  Import the files into MILLIPLEX® Analyst Software, which can be used to generate standard curves and calculate control and unknown concentrations. 
5.11.1. SCREEN:  Screen capture movie as talent exports the comma separated value files containing the median fluorescent intensity for all standards, controls, and unknown samples from the xPonent software.  Editors, please use a zoom bubble to highlight the actions being performed.
5.11.2. SCREEN:  Screen capture movie as talent imports the files into MILLIPLEX® Analyst Software.  Editors, please use a zoom bubble to highlight the actions being performed.
6. Results: Analysis of 13 human serum cytokines using the Milliplex Assay	Comment by Brian Mcfarlin: EMD Millipore is providing these screen shots.
6.1. Representative standard curves used for the analysis of the 13 cytokines are presented here.  This Milliplex assay includes a commercially produced high and low concentration standard, which can be used to track assay performance as well as inter-assay coefficient of variability, or CV, performance over time, which is generally <5% in this laboratory.  The use of electronic pipets minimized the CV associated with standards, controls, and samples.
6.1.1. LAB MEDIA:  Figure 1
6.2. From the standard curves, the concentration of all 13-cytokines was determined using MILLIPLEX® analyst software.  In addition to concentration, the intra-assay CV for the samples was calculated at less than 5%.  If a sample CV exceeds 5%, it is likely due to an excessive concentration of serum lipids. 
6.2.1. LAB MEDIA:  Table 1
6.3. When a sample CV exceeds 5%, then the sample is diluted 1 to 1 with MILLIPLEX® assay buffer to minimize the impact of high serum lipids, and re-analyzed.  After the diluted sample has been reanalyzed, the concentration is multiplied by 2 to account for the dilution factor.  Representative CVs of duplicate samples with low serum lipids are presented in here.
6.3.1. LAB MEDIA:  Table 1
6.4. The MILLIPLEX® analyst software includes a robust database function that is capable of organizing all analyzed data across multiple sample runs as a function of analyte as well as generating sample specific heat maps.  Heat maps, such as the one shown here, are particularly useful for visualizing effects in complex model systems with multiple outcomes. 
6.4.1. LAB MEDIA:  Figure 2

INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj



7. Conclusion (said by authors on camera)
7.1. Brian McFarlin:  Once mastered, this technique can be done in 4-6 hours if it is performed properly, not including the overnight incubation time.  While attempting this procedure, it’s important to remember to use the magnetic separator at all steps where you are removing fluid from the plate. This will ensure that your bead conjugates remain behind for analysis.
7.1.1. MED:  Brian speaks toward camera, interview style.
7.2. Brian McFarlin:  Following this procedure, other Milliplex kits can be performed in order to answer additional questions associated with other aspects of the pathophysiology of disease.
7.2.1. CU:  Brian speaks toward camera, interview style.
7.3. Brian McFarlin:  After watching this video, you should have a good understanding of how to utilize the Milliplex Assay to measure 13 low abundance cytokines at the same time in Human serum samples.  By making these measures at the same time, you are provided a more comprehensive understanding of immune system health and function.
7.3.1. MED:  Brian speaks toward camera, interview style.
7.4. Brian McFarlin:  Don't forget that working with human blood samples can be extremely hazardous and precautions such as outlined in your institution’s blood borne pathogen procedures should always be taken while performing Milliplex analysis of samples. 
7.4.1. CU:  Brian speaks toward camera, interview style.


       

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

Figure 1: Cytokine Standard Curves 
 
Figure 2: Representative Heat Map for TNF-α
 
Table 1: Representative Duplicates for Human Serum Samples

SCREEN Capture Movies:
5088_EMD_SCREEN_5.11.1:  Screen capture movie as talent exports the comma separated value files containing the median fluorescent intensity for all standards, controls, and unknown samples from the xPonent software.  Editors, please use a zoom bubble to highlight the actions being performed.
5088_EMD_SCREEN_5.11.2:  Screen capture movie as talent imports the files into MILLIPLEX® Analyst Software.  Editors, please use a zoom bubble to highlight the actions being performed.


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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