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Introduction
The histochemical transglutaminase assay measures functional activity of transglutaminases in the epidermis. It has been proven to be a sensitive screening test for lamellar ichthyosis due to transglutaminase-1 deficiency (1,2). 

Background
In about 35–40% autosomal recessive congential ichthyosis (ARCI) is caused by homozygous or compound heterozygous mutations in the transglutaminase-1 gene TGM1 (localized on chromosome 14q11.2), which results in a deficiency of keratinocyte transglutaminase (=TGase-1). Transglutaminases are Ca 2+ dependent enzymes involved in the assembly of the cornified cell envelope (CE). This resilient sheath of -(-glutamyl) lysine cross-linked proteins is deposited subjacent to the plasma membrane in terminally differentiating keratinocytes. The common reaction catalyzed by each of the eight known active human/rodent transglutaminase isozymes (i.e. Factor XIIIa, TGase-1 through TGase-7) involves attack of a suitable acceptor nucleophile on the -carboxamide group of a glutamine residue in a donor protein/peptide. Transglutaminase-1 is unique among transglutaminases in which it is anchored to the plasma membrane via specific lipid linkage and it also seems to cross-link -hydroxyceramides to the cornified cell envelope.
Short description of the assay

Unfixed cryosections of 3–4 mm are blocked with 1% BSA in PBS for 30 min and directly incubated with 0.1 mM transglutaminase substrate biotinyl cadaverine (Molecular Probes, Leiden, The Netherlands) in 100 mM Tris–HCl. The biotinylated peptide is incorporated into the cornified cell envelope in the presence of calcium ions (5 mM). Because transglutaminase-1 is the predominant transglutaminase isoenzyme in the stratum granulosum, this reaction is almost exclusively performed by transglutaminase-1 (reaction time 90 min), especially at physiological pH 7.4. The incubation with 5 mM EDTA serves as negative control. The incorporated biotinylated substrate is then visualized with fluorochrome-coupled streptavidin 1:100 (Jackson ImmunoResearch Laboratories Inc., West Grove, PA, USA). The slides can be viewed with a conventional immune fluorescence microscope (1-4). 

The assay allows for differentiation between normal, markedly reduced or absent epidermal transglutaminase-1 activity. It is important to discriminated between intracellular and pericellular activity. In normal skin the stratum granulosum shows a linear pericellular fluorescence/transglutaminase-1 activity of 2-4 cell layers (Fig. 4).

Protocol

Preparation of substrate solutions

Quantity: for 18 skin tests and additional 1-2 healthy controls

· Substrate solution A

965 l 100 mM TRIS/HCl (pH 7.4)

25 ml 200 mM CaCl2 (pH 7.4)

10 ml 10 mM biotinyl cadaverine

· Substrate solution B

965 ml 100 mM TRIS/HCl (pH 7.4)

25 ml 200 mM EDTA (pH 7.4)

10 ml 10 mM biotinyl cadaverine

· Blocking solution

1 % BSA in TRIS/HCl (pH 7.4)

Please note:

· The biopsy or skin sections should not come into contact with fixatives such as formalin or glutaraldehyde, which may block the transglutaminase activity. It sometimes happens during the surgical procedure, that the surgeon uses the tweezers, which had been dipped into the solution used for histology or ultrastructural analysis before. This should be avoided.  
· Important for transmittals: The biopsies have to be sent on dry ice! 
· You should have 2 cryosections of each skin on one slide. One section is needed for substrate solution A (Ca2+) and the other one for substrate solution B (EDTA). The latter serves as direct negative control for each patient.
· Do not forget to include the following two control slides:
1.) One healthy skin serves as positive control for all skins.

2.) Another slide (with healthy skin) is needed for the streptavidin negative control. You just skip step 3 and 4 for this slide.
Step 1

· Prepare incubation box (humidified with some A. dest.).
· Prepare cryosections of 3–4 m and let air-dry. 
· Use DAKO Pen to make a water repelling “magic circle” around each skin section (let it dry for some seconds).

Step 2

(Example shown in Fig. 1)
· Apply blocking solution (BSA 1 %, TRIS/HCl, pH 7.4).

· Use 100 (l per skin section.     

· Incubate for 30 min at room temperature.

Step 3

(Example shown in Fig. 2)
· Carefully remove blocking solution with an ejector pump and go ahead with step 4. The skin sections should not desiccate too much between step 3 and 4.

Step 4

· Apply substrate solution A (with CaCl2) or substrate solution B (EDTA), respectively. (Skip the slide, which has to serve as streptavidin DTAF negative control and simply keep the blocking solution on this slide). 

· Use 50 l per skin section.

· Closed the incubation box and incubate for 90 minutes at room temperature.

Time to prepare…

· Streptavidin DTAF 1:100 in PBS. For this example one would need 2mL.
· Protect from day light (aluminium foil) and do not forget to vortex.
Step 5

· Rinse slides in PBS for 5 minutes (use a cuvette) and repeat this step 2 times.

Step 6

· Remove the surplus PBS from the slides (ejector pump).

· Apply streptavidin DTAF 1:100 (all slides).
· Use 50 l per skin section.
· Protect from daylight (close the box) and incubate for 30 minutes.

Step 5

· Rinse slides in PBS for 5 minutes (use a cuvette) and repeat this step 2 times.

· The cuvette should be protected from day light (aluminium foil).

Step 6

· Cover slip, e. g. with Moviol.

· Protect from day light until analysis with a conventional immune fluorescence microscope. Slides can be stored at -20° and also viewed later, which is still possible after several months.
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Figure 1:

Application of blocking solution. 

(Step 2)
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Figure 2:

Removing of the blocking solution with the ejector pump and application of solution A or solution B.

(Step 3 and 4)

Materials and reagents 

List of materials

· Cryostat sectioner (We are very happy with the Microm HM 500 OM (Walldorf, Germany), which had been sponsored by the German Self-support group Ichthyose e. V..)

· Microskopic slides for cryosections, cover slips, pipettes, pencil, etc.

· Tweezers (even)

· DAKO Pen (Glastrup, Denmark)

· Incubation box (You can do it yourselves. We have modified a black box normally used to store microscopic slides.)

· Ejector pump and Vortex Mixer

· Cuvette (light protected with aluminium foils)

· Immune fluorescence microscope (conventional)
List of reagents

· Bovine serum albumin (BSA)

· PBS (Gibco, Paisley, Scotland)

· Biotinyl cadaverine (Molecular Probes, Leiden, The Netherlands)

· 100 mM Tris–HCl pH 7.4

· 5 mM CaCl2 in TRIS-HCl pH 7.4

· 5 mM EDTA in TRIS-HCl pH 7.4

· Streptavidin DTAF (Jackson ImmunoResearch Laboratories Inc., West Grove, PA, USA)

· Mounting medium, e.g. Moviol
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Figure 3: Overview of materials, reagents and workplace.

Results
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Analysing the samples

Examples
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Figure 4:
(Positive control)

This figure shows an example of normal transglutaminase-1 activity. 

The healthy skin demonstrates a linear fluorescence of 2 to 4 cell layers in the stratum granulosum. The stratum corneum may show a slight fluorescence probably reflecting minimal transglutaminase activity of transglutaminase-1 or other isoenzymes. The basement membrane shows no or very little activity of TGase-2 at pH 7.4.
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Figure 5:
(Negative control)

Figure 5 shows the EDTA negative control, which should only have minimal background fluorescence. The subepidermal signal is due to autofluorescence of elastic fibres, which is easy to distinguish on the microscope, where you will see it yellowish and not as green as on the digital image.

The streptavidin DTAF negative control should be completely negative.

Figure 6:
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(Patient 1; published in (4))

Inflammatory skin such as psoriasis vulgaris, severe eczema or inflammatory congenital ichthyoses often display a broadened zone of transglutaminase-1 activity (>10 cell layers) reflecting an increased “epidermal turnover”.

Figure 6 gives an example of increased transglutaminase activity with broadened activity zone. This skin biopsy belongs to a patient suffering from Netherton syndrome. 

Figure 7 
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(Patient 2; published in (1))

This figure shows epidermis with reduced transglutaminase-1 activity. There is a striking lack of linear fluorescence in the stratum granulosum. Only a cytoplasmatic/ intracellular signal of 1-2 cell layers of the upper stratum granulosum can be seen reflecting cytosolic transglutaminase activity. 

The basement membrane shows stronger DTAF fluorescence reflecting increased incorporation of surplus biotinyl cadaverine by transglutaminase-2. 
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Figure 8 

(Patient 3; published in (1))

This photograph shows a typical example of severe transglutaminase-1 deficiency. Please note the strong signal at the basement membrane in the situation of almost absent transglutaminase-1 activity. However, the slight signal in the upper stratum granulosum suggests very little residual transglutaminase activity being only cytosolic.  

The skin sections demonstrated in figure 7 and 8 belong to patients with lamellar ichthyosis. Patient 1, whose skin showed reduced transglutaminase-1 activity, was suffering from a less severe phenotype. The transglutaminase-1 (TGM1) mutation analysis performed in this patient revealed a homozygous missense mutation. In contrast, patient 2, who was suffering from a severe generalized lamellar ichthyosis and whose skin demonstrated a strong histochemical transglutaminase-1 deficiency, showed a compound heterozygous genotype with one missense and one nonsense mutation.

As illustrated here, the degree of transglutaminase-1 deficiency observed on the histochemical level corresponds well with the severity of the ichthyosis. 

Conclusion

The transglutaminase assay is easy to perform and provides an important diagnostic tool to screen and diagnose patients with congenital ichthyosis due to transglutaminase-1 deficiency. The results have been proven to be robust and reliable. We propose to repeat the assay, if there is a positive finding. The immune fluorescence analysis should be performed by an experienced technician or doctor.
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For any questions do not hesitate to contact us! 
Good luck!!!
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