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Title: Recognition of epidermal transglutaminase by IgA and tissue transglutaminase 2 antibodies in a rare case of rhesus dermatitis

Authors, please fill out the brief questionnaire below.   

A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  _____N_____

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ____N_____

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__P1, P3, P6, P7____

D.  What is the single most difficult aspect of this procedure?  NA

1. Introduction (Schematic Overview and Interview)

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

0. Conceptual Narrative:  
0.1. This video article demonstrates a method to visualize the autoimmune reaction in skin of gluten-sensitive rhesus macaques with dermatitis herpetiformis. 
0.1.1. Title slide
0.2. This is achieved by selecting, based on clinical symptoms, those cases of dermatitis that could not be linked with other, more commonly diagnosed causes of dermatitis. From these idiopathic cases, skin samples are first obtained from the affected area. (P1)

0.2.1.  LAB MEDIA: 3154_Schematic1.pptx  (P1) 
0.3. To evaluate the tissue architecture, inflammation, as well as presence of epidermal transglutaminase auto-antibodies, collected samples are first fixed in either zinc formalin or 2% paraformaldehyde (P2).  

0.3.1. LAB MEDIA: 3154_Schematic1.pptx (P2) 

0.4. Next, H&E staining (P3) is performed in order to evaluate the extent of inflammation and histopathology (P4) and immunofluorescent staining is performed to evaluate epidermal transglutaminase auto-antibody deposition into deep epidermis. 

0.4.1. LAB MEDIA: 3154_Schematic1.pptx (P3) 
0.4.2. LAB MEDIA: 3154_Schematic1.pptx (P4) 
PLEASE INSERT YOUR REVISED SCHEMATIC HERE
See below.
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1. Interview: (Said by you on camera. Don’t forget to smile!) 

1.1. [Dr. Sestak] Dermatitis herpetiformis (DH) is a chronic inflammatory condition characterized by an autoimmune reaction between IgA and epidermal transglutaminase (eTG). 

1.2. [Dr. Sestak] DH develops in a very small portion of gluten-sensitive celiac patients. The results of this study indicate that DH can also develop in a small fraction of gluten-sensitive rhesus monkeys. 

1.3. [Dr. Sestak] Our results corroborate validity of recently developed rhesus macaque model of gluten sensitivity as presented results show that clinical manifestations of this condition are not confined only to small intestine. 

Protocol (read by voice talent at JoVE):

2. Skin biopsy sample collection
2.1. Due to relatively low incidence of gluten sensitivity (~1:100) in human and non-human primates, plus the fact that DH develops only in some gluten-sensitive individuals, a typical protocol will involve one animal with idiopathic dermatitis and one age-matched healthy control. 

2.1.1. Begin the skin biopsy sample collection with the animal anesthetized intramuscularly with 2.5 mg/kg of tiletamine hydrochloride and zolazepam hydrochloride telazol). 

2.2. Once the animal is recumbent, remove it from its enclosure.   
2.3. Using an Oster Golden A5 Single Speed Veterinary Clipper with a size 40 blade, remove the hair from the skin area of interest. Then, apply alternating betadine scrub and alcohol three times each. 
2.3.1. MED:  Talent uses clippers to remove hair from the skin area of interest
2.3.2. CU:  Talent applies betadine and alcohol three times each
2.4. Secure a sterile fenestrated drape over the selected biopsy site. 

2.4.1. CU:  Talent secures the drape over the selected biopsy site

2.5. Using a sterile technique, place a 4.0 mm Miltex Punch Dermal Biopsy instrument against the skin while rotating the instrument 180 degrees clockwise and counter clockwise with slight pressure until the biopsy punch transects the dermal layers into the subcutaneous tissue. 

2.5.1. CU:  Talent places a punch dermal biopsy instrument against the skin and rotates it 180 degrees clockwise and counter clockwise until the it transects through the dermal layers into the subcutaneous tissue

2.6. Using forceps, grasp the transected portion of skin and free it from the subcutaneous tissue. Using a sterile razor blade, cut the sample in half.  One half will be processed for H&E staining and is placed in zinc formalin.  The other half will be evaluated by immunofluorescence microscopy and is placed in 2% paraformaldehyde. 

2.6.1. CU:   Talent removes biopsy sample and grasps the transected portion of the skin.
2.7. Close the skin defect with 3-0 nylon suture attached to a 3/8 circle-cutting needle in a cruciate pattern. 

2.7.1. CU:  Talent closes skin with sutures.   

2.8. Repeat this process to obtain two to three biopsy samples from each animal. 
2.9. Administer 0.01 mg/kg buprenorphine hydrochloride intramuscularly for post operative analgesia.  

2.10. The animal is observed until it has recovered from anesthesia. Once fully recovered, it is returned to its enclosure to the company of other animals. 

3. Sample processing, staining and evaluation 
3.1. To examine IgA and tTG2 presence & localization, begin by incubating the samples that were placed in 2% paraformaldehyde for 4 hours at room temperature to fix them. 

3.1.1. CU:  Talent caps the container with samples in PFA (Overlay:  fix 4 hours RT) 

3.2. Following fixation, remove the paraformaldehyde and wash with PBS for 30-60 minutes on a rocker platform. Repeat twice for a total of 3 washes.  Then, remove PBS and replace with 30% sucrose for at least 4 hours and up to two weeks.

3.2.1. CU:   Talent removes the paraformaldehyde and washes the samples with PBS

3.2.2. CU:  Talent places the samples on a rocker

3.2.3. CU:  Talent places washes sample a second time (Overlay: wash X3)

3.2.4. CU:  Talent removes PBS and adds sucrose (Overlay:  30% sucrose 4h-2wks)

3.3. Next place the sample in OCT freezing medium and submerge it in a bath of 2-methylbutane and dry ice until the clear OCT becomes solid white, indicating it has frozen completely. This should be done in a fume hood to prevent inhalation of potentially irritating fumes.  

3.3.1. CU: Talent places the sample in OCT and submerges it in 2-methylbutene and dry ice.

3.4. Then, place the blocks at -80oC for at least 20 minutes. This ensures the tissue is frozen solid, so that the blade slices through it without crushing it.   The tissue can be stored for long-term in OCT at -80 oC.

3.4.1. MED:  Talent places the blocks at  -80oC.   

3.5. Using the cryostat, cut 15 (m sections, place them on slides, and allow to dry at room temperature over night. Once the slides have dried, they are ready for staining. Any extra slides may be wrapped in foil and kept at -80 oC for long-term storage. 

3.5.1. MED:   Talent cuts sections on the cryostat

3.5.2. CU:  Talent places samples on slides

3.5.3. CU:  Talent wraps talents in foil

3.5.4. MED:  Talent places extra slides in -80 oC

3.6. Next, submerge the slides in a Coplin jar containing PBS with 0.2% fish skin gelatin and  0.1% Triton X-100. Place on a rocker for 20 min in order to remove the OCT and to permeabilize the tissue. 
3.6.1. CU:  Talent submerges slide in fish skin gelatin with triton X-100

3.7. After 20 minutes, wash the slides two times in PBS with 0.2% fish skin gelatin, then incubate with 10% normal goat serum, diluted in PBS with 0.2% fish skin gelatin for 1 hour, at room temperature, in a humidified slide chamber. 

3.7.1. CU:  Talent washes the slide with PBS (Overlay wash X2, PBS-FSG)

3.7.2. CU:  Talent adds normal goat serum and places the slide in a humidified slide chamber

3.8. Incubate slides with anti-rhesus IgA and tTG2 primary antibodies for 1 hour. 

3.8.1. CU:  Talent adds antibodies (Overlay: IgA and tTG2 primary antibodies diluted in 10% NGS-PBS-FSG)

3.9. Wash with PBS–FSG–Triton X-100 by rinsing the tissue with a transfer pipette and then placing in a Coplin jar with the same solution for 10 min. Repeat wash once more and follow by PBS-FSG for 10 min. 

3.9.1. CU:  Talent washes slides (Overlay:  wash 10 min) Detail for the videographer: Fill a Coplin jar with buffer, hold the slide, gently squirt it with buffer (using a nonsterile transfer pipette) to rinse it thoroughly and then place it in the Coplin jar containing the buffer and put it on the rocker for 10 minutes. Repeat one more time.
3.10. Incubate with secondary, isotype-specific Alexa Fluor antibodies tagged with Alexa Fluor fluorochrome.  Use the ToPro-3 dye to visualize the nuclear DNA. Use anti-quenching solution to mount the stained tissue sections. 

3.10.1. CU:  Talent adds secondary antibodies (Overlay: secondary antibodies in 10% NGS-PBS-FSG at 1:1,000 dilution.

3.10.2. CU:  Talent performs staining with ToPro-3 dye. ToPro3 is added to the anti quenching mounting media at a 1:2,000 dilution and then applied directly to the slide, a cover slip is then placed over the tissue, sealed with nail polish and allowed to dry before imaging. 
3.10.3. CU:  Talent uses anti quenching to mount stained tissue sections

3.11. To visualize the IgA and tTG2 staining, perform imaging with a Confocal Laser Scanning Microscope equipped with the appropriate lasers for the secondary antibodies used. Record differential interference contrast (DIC) images for evaluation of non-labeled tissue architecture. DIC is a channel within the microscope that allows you to see the tissue on a grey scale. This makes it possible to better determine cellular architecture. 
3.11.1. MED: Talent at confocal microscope inspecting the samples and, using software, initiating image capture (Videographer we need 30 seconds)

3.12. To perform H&E staining with the other half of the sample that was placed in zinc formalin, samples must be blocked in paraffin and sectioned onto slides. Once the tissue sections are on slides they are baked at 60°C overnight and placed in an automatic stainer which performs the H&E stain.
3.12.1. MED:  Talent at bench begins the H&E staining procedure (Authors, you don’t actually have to do this, just set up the area as if it will be done and begin to perform the first step) (Videographer, we need 30 seconds of video here)

3.13. When the staining is complete, Inspect H&E-stained biopsy skin sections under a light microscope using the 4 - 40x magnification and Leica microscope with a SPOT Insight digital camera. Record 3-4 images per each magnification. 

3.13.1. MED:  Talent at microscope inspecting the samples and, using software, initiating image capture (Videographer we need 30 seconds). 

4. Representative Skin Biopsy Staining 
4.1. Short overview of experiment: Biopsy samples from skin lesions of rhesus macaques were obtained and stained as described in this video to study the effect of withdrawal of diatery gluten on dermatitis. 

4.1.1. Title Slide

4.2. This figure shows the inguinal region of EM96 macaque before and after withdrawal of dietary gluten for 5 weeks. Prior to gluten withdrawal, the presence of auto-antibodies was revealed in the deep epidermis, around the area of dermal papillae, consistent with lesions described in DH patients. 

4.2.1. 3154_Sestak_Figure 1A  AND 3154_Sestak_Figure 1B

4.3. When EM96 was placed on a gluten-free diet, the dermatitis, as well as auto-antibodies disappeared and were no longer detectable.   

4.3.1. 3154_Sestak_Figure 1A AND 3154_Sestak_Figure 1B

4.4. Dermatitis reappeared however, after re-introduction of dietary gluten. In other macaques including an animal with unrelated dermatitis, auto-antibodies were not detected (Fig. 4). 
4.4.1. 3154_Sestak_Figure 1C

4.5. To assess the extent of inflammation and histopathology H&E staining was also performed. As shown here, the epithelium was thickened, with 7-15 layers of epithelial cells, with a thick superficial crust of hyperkeratotic cells infiltrated with degenerating neutrophils prior to withdrawal of gluten. 

4.5.1. 3154_Sestak_Figure 2A

4.6. Neutrophils appear also inside the epithelium and are mixed with moderate numbers of lymphocytes, plasma cells, and histiocytes around the adnexa in the upper dermis.

4.6.1. 3154_Sestak_Figure 2A 

4.7. After withdrawal of dietary gluten for 9 weeks, some hyperkeratosis is still present, epithelial thickness is normalized (4-7 layers) with minimal lymphoplasmacytic infiltration in the upper dermis. 

4.7.1. 3154_Sestak_Figure 2B

4.8. Here, confocal microscopy images of EM96 macaque skin biopsies collected before (A) withdrawal of dietary gluten are shown. Co-localization of IgA (green) and tTG2 (red) appears in yellow around the area of dermal papillae indicating the presence of auto-antibodies against epidermal transglutaminase. ToPro-3 nuclear DNA marker (blue)

4.8.1. 3154_Sestak_Figure3A

4.9. After 9 weeks of gluten-free diet, IgA was no longer observed within the epithelium indicating the absence of auto-antibodies against epidermal transglutaminase, which would have been shown in red.   Some subepithelial IgA, shown in green, was still present. The ToPro-3 nuclear DNA marker is shown in blue.

4.9.1. 3154_Sestak_Figure3B

4.10. This image shows confocal microscopy images of GI24 rhesus macaque skin biopsies collected while animal was exhibiting the symptoms of chronic (DH-unrelated) dermatitis. The IgA staining is in green, tTG2 in red and ToPro-3 nuclear DNA marker is in blue. 

4.10.1. 3154_Sestak_Figure4

4.11. The tTG2+ cells are present inside the epithelium, few IgA+ cells beneath the epithelium, while no extensive spectral overlap between the red and green markers is seen indicating the absence of auto-antibodies against epidermal transglutaminase.

4.11.1. 3154_Sestak_Figure4

5. Conclusion (said by authors on camera)

5.1. [Dr. Sestak]: In this study, we demonstrated for the first time the use of confocal microscopy to visualize the presence of IgA auto-antibodies against epidermal transglutaminase in rhesus monkey with DH-like gluten sensitivity. 
5.2. [Dr. Sestak]: While attempting the described procedure, it’s important to remember that most of the cases of dermatitis including idiopathic dermatitis are not caused by gluten sensitivity.     

5.3. [Dr. Sestak]: Therefore, other methods including the serum anti-gliadin, anti-tissue transglutaminase antibody detection and careful clinical evaluation need to be performed before proceeding with described procedure. 
5.4. [Dr. Sestak]: Despite that prevalence of DH-like gluten sensitivity is lower than prevalence of gluten-sensitive enteropathy, presented results provide foundation for future DH-related research, assuming that additional animals with this condition will be identified.
Provided Media
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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.
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