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Abstract  Background: The aetiology of coeliac disease (CD) has many similarities to that of dermatitis 
herpetiformis (DH), except that DH lesions are mainly manifested in the skin. Mucosal enzyme deficiency plays an 
important part in CD pathology. Clinical studies indicated that the gluten exposure in CD could be partly corrected 
by the use of enzyme supplementation. Objective: Enzyme therapy, using enterically coated tablets containing 
caricain, was investigated as a means of protecting patients with DH against wheat gluten. Methods: A randomized, 
placebo-controlled clinical trial was carried out on 20 DH patients in clinical remission. The patients were divided 
into two groups of 10, one group given a placebo daily and the other the enzyme – containing tablets. Both groups 
were challenged with 6g of gluten daily in a double-blind trial. Symptoms and signs of skin involvement were 
recorded and graded at the start of the trial, after 7 days and after 14 days. Blood was also taken at the start and after 
14 days and assayed for IgA EMA and anti-gliadin antibodies. Results: After 7 days the major features associated 
with DH were more severe and more common with the placebo compared with enzyme therapy. Before 14 days, 
seven patients in total, six on placebo, had to withdraw from the trial because of the effects of the gluten challenge 
whilst 2 patients on therapy developed blisters, erythema and itching. Serological tests indicated that IgA EmA 
antibodies and anti-gliadin antibodies after 14 days were not affected significantly, but indicated that abnormally 
high antibodies titers of both types were present in 8 patients at the start of the trial, suggesting the need for enzyme 
therapy in addition to the normal gluten-free diet for patient well-being. Conclusions: This study supports the use of 
enzyme supplementation as a safeguard for patients with DH on a nominal gluten-free diet. 
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1. Introduction 
Dermatitis herpetiformis (DH) is one of the 

subepidermal autoimmune bullous diseases characterized 
by skin and intestinal lesions. Skin lesions include 
polymorphic eruptions accompanied by severe pruritus. 
Intestinal lesions are characterized by atrophy of intestinal villi 
as in coeliac disease resulting from immunological processes.  

Dermatitis herpetiformis (DH) and coeliac disease (CD) 
are both forms of gluten intolerance in which the small 
bowel is damaged by proteins present in wheat, rye, barley 
and some varieties of oats [1]. These proteins cause severe 
damage to the duodenum and jejunum (villous atrophy) 
and can produce a variety of symptoms such as abdominal 

pain and cramping, bloating, diarrhoea, nausea and 
lethargy. The aetiology of CD has many similarities to 
that of DH, except that the manifestation of the latter 
condition is more prominently the formation of a skin rash, 
blistering and itchiness [2]. DH was described by Duhring 
in 1884 and named after him [3]. DH is a chronic 
subepidermal autoimmune bullous disease characterized 
by skin and intestinal lesions. Skin lesions include 
polymorphic eruption (papules, vesicles), mainly 
distributed over the shoulders, elbows, back, buttocks and 
knees. They are usually symmetric and accompanied by 
severe pruritus [4,5]. 

In both conditions gluten is considered to be harmful 
and a gluten-free diet is mandatory. In addition, patients 
with DH, similarly to patients with CD who are not 
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adhering to a gluten-free diet, appear to have an increased 
risk of lymphoma [6]. Dapsone has also been used as 
symptomatic therapy for DH [7]. 

DH is regarded as a specific cutaneous manifestation of 
CD [8]. Intolerance of gluten is the most important feature 
of both diseases. In 70% of cases, lesions in the small 
intestine of DH patients are histologically identical with 
those observed in CD, although they can be less severe. 
Even though intestinal villous atrophy is observed in the 
majority of DH patients, clinical symptoms of 
malabsorption are unusual. 

Studies on the autoimmune pathogenesis of DH 
demonstrated that the key role in this process is the 
deamidation reaction of a gluten metabolic product, which 
is carried out by tissue transglutaminase (tTG) [9,10]. IgA 
endomysial antibodies (IgA EmA) react with tTG, which 
acts as an autoantigen for those antibodies [11]. DH is 
normally diagnosed by a blood test for IgA EmA or tissue 
transglutaminase antibodies [12] and by skin biopsy 
looking at the pattern of granular IgA deposits [13]. The 
results of a direct immunofluorescence (DIF) test 
revealing granular deposits of IgA in the top of the 
papillae and the presence of circulating IgA antibodies 
directed against endomysium and/or tissue and epidermal 
transglutaminase (tTG, eTG) confirm the diagnosis of DH 
[14]. Skin lesions in DH are histologically characterized 
by neutrophilic infiltrate leading to destruction of 
basement membrane zone (BMZ) proteins.  

Pathological changes in the small intestine result in 
development of a “flat mucosa” and subsequent disorders 
in intestinal absorption [15,16,17,18]. Thus one could 
expect a low degree of disturbed absorption or even its 
absence, however, patients with DH periodically present 
with stomach ache, anaemia and/or diarrhoea. 
Experimental studies may show disturbed absorption of 
calcium, vitamin D and trace elements. 

Mucosal enzyme deficiency plays an important part in 
CD pathology [19]. After ingestion of gluten, special 
enzymes called endopeptidases, to which caricain belongs, 
are required to complete the digestion of the peptides 
produced from gluten. If digestion is not completed, these 
peptides may have a direct toxic action on the cells of the 
small intestine and invoke immunological reactions that 
exacerbate the damage. Clinical studies have indicated 
that the damage caused by gluten exposure in coeliac 
disease could be partly corrected by the use of enzyme 
supplementation [20,21]. In vitro evidence suggested that 
enzyme caricain may be useful as therapeutic agent [22]. 

With DH, a gluten-free diet is essential in order to 
prevent the troublesome rash, allow a decrease in the daily 
dose of sulphones but also to guard against damage to the 
small intestine. Our preliminary experiment with one DH 
patient indicated that the effects of a gluten challenge 
were largely eliminated by the use of an enzyme 
supplement based on caricain. The aim of the present 
study is to evaluate the effect of caricain on symptoms and 
signs of DH in patients challenged with dietary gluten in 
comparison with patients treated with a placebo. This 
study is the first to investigate the use of enzyme therapy 
in DH. 

2. Materials and Methods  
2.1. Patients 

Twenty adult (18-70 years of age, 6M, 14F) volunteers 
with diagnosed DH in clinical remission maintaining their 
usual gluten-free diet were selected for the study. Most of 
these patients were diagnosed 15 to 30 years ago. Five 
patients had a mild erythema (1 to 3 cm2) and one had 
papules (2 cm2). Diagnosis of DH was established based 
on earlier clinical presentation and results of histological 
and immunological examination. The volunteers followed 
their usual gluten-free diet for the duration of the study. 
All the patients signed informed consent before entering 
the study and the study protocol (RNN/12/12/KE) was 
approved by The Local Ethical Committee of Medical 
University of Lodz, Poland. 

2.2. Gluten Challenge and Enzyme 
Administration 

Patients were subjected to a modest gluten challenge 
consisting of about six grams of gluten daily. Gluten was 
given in a form of commercial wheat biscuits (e.g. Vita-
weat) each containing approximately 0.66 gram of gluten. 
Three biscuits were taken with breakfast, lunch and dinner. 
The study design was a randomized double-blind parallel 
one in which half the group was challenged and given 
enzyme supplement and the other 10 DH patients 
challenged and given placebo for the same period of time 
(two weeks). Two tablets were taken orally with each 
biscuit meal (six tablets per day). The patients recorded 
the timing of the appearance of symptoms and grade of the 
skin lesions on a linear scale of units from 0 to 5, where 0 
= symptoms and/or signs absent, 1 = mild, 3 = moderate, 5 
= severe. Itch was recorded on a linear scale of 0 to 10. 
The patients had the skin lesions assessed (severity and 
area) by the supervising investigator. The investigations 
also included recording of the IgA EmA and antigliadin 
antibody titres in blood. The Euroimmun IIFT No. FA 
1911-1005-1A test kit was employed. Patients who 
developed symptoms or signs earlier than two weeks 
stopped the gluten challenge and continued taking the 
tablets until the end of two week period and completion of 
the trial. The enzyme supplement was in the form of 
enterically coated tablet. An enteric coating protected the 
tablet against stomach acid and delivered its content to the 
small intestine to support the final digestion of gluten. 
Each tablet contained 40 mg of caricain, a natural enzyme 
derived from papaya fruit (Carica papaya) which was 
sufficient to detoxify approximately 6 g of gluten [22]. 

2.3. Statistical Analysis 
The scores for itch and lesions and areas of skin lesions 

were used to determine if there was a significant 
difference in each of the skin symptoms and/or signs 
between enzyme therapy and the administration of the 
placebo. These differences were subjected to the Dunnett 
test for estimation of probabilities. 

3. Results 

3.1. Skin Lesions 
The area of DH skin lesions were significantly 

attenuated in patients challenged with gluten when on 
enzyme therapy compared with a placebo capsule. Pruritus 
showed a non-significant trend to improvement. There 
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was a diverse response by patients to gluten challenge, but 
even after 7 days, 13 patients developed pruritus and/or 

DH skin lesions allowing for a comparison across 
randomized groups. The results are presented in Table 1. 

Table 1. Effects of enzyme therapy on clinical features of DH, showing changes in scores (itch and lesions) and area of skin lesions after 7 days 
of treatment, compared with placebo. The degree of protection (%P) was also calculated for each particular symptom 

Symptom Increase in score on placebo 
Mean ± sem 

Increase in score on enzyme therapy 
Mean ± sem 

% 
Protection 

Statistical validity: p from 
Dunnett test 

Itch 40 
4.00 ± 1.01 

25 
2.50 ± 0.83 38 0.10 

Number of skin 
Lesions 

24 
2.40 ± 0.65 

7 
0.70 ± 0.67 71 0.085 

Area of skin lesions 195 cm2 
19.50 ± 6.00 

37 cm2 
3.70 ± 1.28 81 0.02 

Table 2. Numbers of patients affected with clinical features of DH on placebo compared with those affected on enzyme therapy after 7 days of 
intervention with 10 patients in each category 

Symptom or feature Number of patients affected on placebo Number of patients affected on enzyme therapy 
Itch (troublesome) 7 3 
Lesions (blisters) 6 1 

Area of skin lesions (area ≥15 cm2 ) 6 2 
Note:  
1. Four patients on enzyme treatment were free of itch or lesions compared with 3 on placebo. 
2. The highest areas of skin lesions (6 patients with area ≥ 20 cm2) were all on placebo. 

The numbers of patients affected by gluten on placebo 
compared with those on enzyme therapy are shown in 
Table 2. They clearly show that all three DH related 
parameters were ameliorated on enzyme therapy even 
whilst being challenged by 6 grams of gluten daily. There 
were 9 patients without significant skin lesions after 14 
days; 6 of these were on enzyme therapy and 3 on placebo. 

Although only 13 patients completed the study, it was 
important to note that 6 of the other 7 patients who 
withdrew (4M, 3F) were on placebo and could not 
continue taking the gluten biscuit due to the occurrence of 
blisters and vesicles over a relatively large area as well as 
severe itching after 5-7 days from commencement of the 
study. Enzyme therapy was able to prevent 5 out of 8 
patients developing any skin lesions throughout the trial. 
However, there was one patient who presented with 
papules at the start of the trial, but in whom none were 
present after 7 days of enzyme therapy. 

3.2. Effect of Age 

The trial is too small to make a statistically valid 
conclusion about the effect of age on the manifestation of 
skin symptoms in DH. The data suggest that most of those 
affected by the gluten challenge were in the age group 40 - 
48 with less in the 61 – 76 age group. As seen before, 
most patients who developed skin symptoms or lesions 
were in the placebo group. Within this group there is a 
suggestion of gender bias with males being more 
predisposed to manifestation of symptoms. The results are 
summarized in Table 3. 

Antibodies titres also tended to higher (≥160) in the 
lower age groups (26 - 36; 40 - 48). Likewise, higher titres 
were seen after 14 days in those patients in the placebo 
group. 

Table 3. Clinical features of DH patients of different age groups after a 7 day challenge with gluten 

Age group (years) No of patients No affected placebo group No affected enzyme therapy group 
I L A I L A 

26 - 36 7 {3M,4F} 2 (2M) 2 (2M) 2 (2M) 1 (F) 1 (F) 0 
40 - 48 7 {2M,5F} 4 (2M,2F) 3 (2M,1F) 3 (2M,1F) 1 (F) 1 (F) 1 
61 - 76 6 (1M,5F) 1 (F) 1 (F) 1(F) 1 (F) 0 0 
Total 20 7 6 6 3 2 1 

Note:  
I = itch 
L = skin lesions 
A = area of skin lesions 

Table 4. Changes in titers of IgA EmA from start of trial to the end at 14 days 
Placebo Enzyme therapy 

Patient No Sex Start 14 days Difference Patient No Sex Start 14 days Difference 
1 F 10 0 10 2 M 40 10 30 
4 M 320 40 280 3 F 40 40 0 
5 F 40 0 40 6 M 40 10 30 
7 F 40 0 40 8 F 160 160 0 

11 M 320 320 0 9 F 40 0 40 
13 F 160 40 120 10 F 40 0 40 
16 M 320 160 160 12 F 160 40 120 
17 F 40 10 30 14 F 10 0 10 
19 M 160 160 0 15 F 40 0 40 
20 F 320 320 0 18 F 40 0 40 

Total (n=10)     Total (n=10)     
Note: 
1. Differences between titers on placebo and enzyme therapy were not significant (p = 0.302). 
2. Four out of 10 patients had titers of ≥ 160 on placebo compared with only one of 10 patients on enzyme therapy 
3. Two out of 10 patients on placebo still had titers of 320 after 14 days, compared with zero out of 10 patients on enzyme therapy. 
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3.3. Serology 
High levels of both IgA EmA and antigliadin antibodies 

were present in several patients at the start of the trial, 
probably indicating that these patients were not adhering 
to a strict gluten-free diet. High levels of IgA EmA 
antibodies (≥160) were present in 8 patients and, likewise, 
antigliadin antibodies (≥160) in 11 of the 20 patients with 
a high degree of correspondence. As it so happened, 
because of random selection, levels of both types of 
antibodies were higher at the start with the placebo group 
compared with the enzyme therapy group, making 
evaluation of the treatment difficult. (Table 4 and Table 5). 

Based on differences between the titres at 14 days and 
at the start of the trial, Table IV shows that there is a trend 
for the IgA EmA titres to decrease with patients on 
enzyme therapy as well as those on placebo. The same 
types of observations were made with antigliadin 
antibodies (Table 5).  

In regard to titres of IgA EmA after 14 days gluten 
challenge in patients on placebo compared with those on 
enzyme therapy, it was noted that the highest titres (≥ 160) 
were more frequently seen in those on placebo (Table 4). 
Likewise, titres of antigliadin antibodies were also higher 
in patients on placebo, where the highest titres (=320) 
overall were observed (Table 5). 

Table 5. Changes in titers of antigliadin antibodies from start of trial to the end at 14 days 
Placebo Enzyme therapy 

Patient No Sex Start 14 days Difference Patient No Sex Start 14 days Difference 
1 F 10 0 10 2 M 40 10 30 
4 M 320 40 280 3 F 160 40 120 
5 F 160 40 120 6 M 40 40 0 
7 F 40 10 30 8 F 160 160 0 

11 M 320 320 0 9 F 40 10 30 
13 F 160 40 120 10 F 40 10 30 
16 M 160 160 0 12 F 160 160 0 
17 F 160 40 120 14 F 10 10 0 
19 M 160 160 0 15 F 160 160 0 
20 F 320 320 0 18 F 40 10 30 

Total (n=10)     Total (n=10)     
Note: 
1. Differences between titers in patients on placebo and enzyme therapy were not significant (p=0.178) 
2. Two out of 10 patients on placebo still had titers of 320 after 14 days compared with zero out of 10 patients on enzyme therapy. 

3.4. Gastrointestinal Symptoms 
In the 11 patients who suffered from lesions, only 3 

reported gastrointestinal symptoms (abdominal pain, 
diarrhoea). Two of these patients were on placebo and one 
on enzyme therapy. Altogether there were only 6 patients 
who reported gastro-intestinal symptoms, 3 of whom were 
on placebo and 3 on enzyme therapy and none of these 
had any significant skin symptoms. 

4. Discussion 

4.1. Skin Lesions 
The trial has indicated that, as with CD, there is merit in 

the use of enzyme therapy for DH as a means of 
ameliorating the effects of inadvertent ingestion of gluten. 
Although it is only a small scale trial, the results of our 
evaluation of DH clinical features including itch and 
particularly lesions (erythema and blisters) and area of 
skin lesions, showed major differences between their 
development in patients on placebo and patients on the 
enzyme therapy. The use of enzyme therapy for CD and 
the choice of caricain as the effective enzyme appear to be 
a very promising approach for DH as it has been for CD. 
Caricain is able to digest gluten to non-toxic fragments 
and we have evidence that this prevents immunogenic 
peptides from damaging the small intestine [22], and as a 
logical corollary, the skin lesions in DH patients. It has 
been obvious in all our investigations that patients have 
difficulty in adhering to a strict gluten-free diet as the 
baseline indicators such as tissue transglutaminase and 
IgA EmA are higher than expected. The gluten-free diet 
has not been well adopted by DH patients because it is 

socially restricting and requires constant monitoring [8]. 
Another important reason for introducing enzyme therapy 
as a safeguard is because a strict gluten-free diet is quite 
difficult to maintain at all times [20].  

 There is an individual threshold of tolerance to gluten 
in patients with DH and the clinical features are very 
diverse in nature. In some patients there are skin lesions 
without any intestinal symptoms after a gluten challenge, 
indicating different degrees of gluten sensitivity. Itchiness 
is the first symptom to develop and can occur without skin 
lesions. However, all three DH features were evident in 8 
volunteers after only 7 days and after that, a number of 
patients from the placebo group withdrew from the study 
because of the severity of symptoms. This indicates that 
the dose of gluten challenge was sufficiently high to 
differentiate between the two groups. Any further trials 
would need to consider gluten challenge for only 7 days.  

4.2. Serology 
High titres of IgA EmA at the start in 8 patients indicate 

a degree of non-compliance with a gluten-free diet. 
However in 5 of these patients, these titers were lower 
after 14 days (3 on placebo, 2 on enzyme therapy). We 
think the measurement of IgA EmA is the more 
appropriate serologic marker for the studies in the light of 
previous work [13]. Titres varied widely from one patient 
to another, presumably because of differences in diet and 
immune responses of individuals. 

There may be a good case for further studies over a 
longer period of time with longitudinal measurements of 
antibody levels. With anti-gliadin antibodies, 12 patients 
had high titres (≥160) at the start of the trial and 5 were 
lower after 14 days (4 placebo, 1 enzyme therapy). 
However in the more moderate titre range, there were just 
as many reductions on Enzyme therapy as there were on 
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placebo. Again, further studies would seem justified with 
both types of antibodies. 

4.3. Effect of Age 
Splitting of the patients into 3 age groups suggested that 

age may be relevant to both skin symproms and/signs and 
production of antibodies, with older patients being the 
least affected by the gluten challenge. Other studies have 
shown that persons of any age may be affected by DH 
with peak onset in their second to fourth decade [23]. 
Gender may also be important but larger trials would be 
necessary before any conclusions could be drawn. 

4.4. Gastrointestinal Symptoms 
These types of symptoms were far less prominent than 

the skin features in the patients studied. There was no 
clear pattern between the development of skin lesions and 
gastrointestinal symptoms except that the majority of 
patients with lesions showed no gastrointestinal symptoms. 
All patients with intestinal symptoms showed nil to very 
mild skin lesions. 

Based on the promising results of enzyme therapy on 
the clinical features of DH, it would seem that the study 
has provided evidence for the deficiency of an enzyme 
capable of digesting gluten peptides in this disease. This 
clinical evidence supports the evidence that immunogenic 
and toxic gluten fragments cause disturbances in the small 
intestine, leading to tissue damage [19]. It will be 
desirable to carry out similar research on mucosal tissue of 
patients with DH in comparison with normal individuals, 
as has been done with CD. Nevertheless, enzyme therapy 
may be of assistance to those DH patients on a gluten-free 
diet who are unable to cease medication (e.g. Dapsone) 
completely [24] or simply as an adjunct to a gluten free 
diet. 

Life-long gluten-free diet is established therapy for CD 
and DH. It allows the intestinal mucosa to recover, 
improves nutrient absorption and osteoporosis [25,26]. 
Strict dietary adherence is necessary to avoid the long-
term complications, which are, principally, osteoporosis 
and small bowel lymphoma. However, risk of these 
complications diminishes very considerably in patients 
who are on gluten-free diet [27,28]. Many DH patients 
have difficulty in adhering to a strict gluten-free diet, 
allowing a useful place for adjunctive approaches such as 
enzyme therapy. 

Enzyme therapy could provide a better alternative to 
dapsone. Dapsone does not bring about recovery of the 
intestinal mucosa and has many side-effects. The most 
prominent side-effects of this drug are dose-related 
haemolysis (which may lead to haemolytic anemia) and 
methaemoglobinemia [27]. About 20% of patients treated 
with dapsone suffer hemolysis and the side-effect is more 
common and severe in those with glucose-6-phosphate 
dehydrogenase deficiency, leading to the dapsone-
containing antimalarial combination, Lapdap, being 
withdrawn from clinical use. Agranulocytosis occurs 
rarely when dapsone is used alone but more frequently in 
combination regimens for malaria prophylaxis. 
Abnormalities in white blood cell formation, including 
aplastic anemia, are rare, yet are the cause of the majority 
of deaths attributable to dapsone therapy. Enzyme 
supplement is not associated with any serious side effects, 

bringing its use for treatment of DH into sharp focus. This 
trial is a highly promising start for future studies in this 
area. 
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