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Part I. Epidemiology, pathogenesis, and clinical presentation
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Dermatitis herpetiformis (DH) is an autoimmune disease that is linked to gluten sensitivity and has a clear
relationship to celiac disease. Both conditions aremediated by the IgA class of autoantibodies and the diagnosis
of DH is dependent on detection of granular deposits of IgA in the skin. There is an underlying genetic
predisposition to the development of DH but environmental factors are also important. Typically, young adults
present with excoriations only, as the severe pruritus effectively destroys any primary lesions. Based upon our
experience with DH and a comprehensive literature review, we provide an update of DH epidemiology,
pathophysiology, and clinical presentation. ( J Am Acad Dermatol 2011;64:1017-24.)
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Dermatitis herpetiformis (DH) was initially de-

scribed by Louis Duhring in 1884.1 Recent progress
in understanding the pathogenesis of this disease has
led to improved treatment. Linking gluten sensitivity
to DH led to the adoption of the gluten-free diet as a
key component of treatment. DH is an autoimmune
disease, a finding that is strongly supported by
CAPSULE SUMMARY

d Dermatitis herpetiformis is a
multifactorial disease with strong
genetic and autoimmune influences

d All patients with dermatitis herpetiformis
have gluten intolerance

d Hypothyroidism is the most common
autoimmune condition associated with
dermatitis herpetiformis
landmark studies revealing
the granular deposition of
immunoglobulin in the
skin.2,3 The immunologic ba-
sis of DH shows a clear rela-
tionship to celiac disease
(CD). Both conditions are
mediated by the immuno-
globulin A (IgA) class of au-
toantibodies. Tissue
transglutaminase (tTG) is
the major autoantigen tar-
geted in CD, and epidermal
transglutaminase (eTG) is

the autoantigen most closely linked to DH. IgA
anti-eTG is the most sensitive serologic marker for
DH. Many details about the immunologic basis and
pathogenesis of DH are still emerging in the litera-
ture. Part I of this series will focus on the epidemi-
ology, pathophysiology, and presentation of DH.

EPIDEMIOLOGY
Key points
d Dermatitis herpetiformis is most prevalent

in patients of Northern European descent
d Men have a higher prevalence of dermatitis

herpetiformis than women

A number of epidemiologic studies have eluci-
dated the incidence and prevalence of DH. Most of
these studies focus on individuals of Northern
European heritage, both in Europe and the United
States, in whom this disorder is most common.
Studies in these populations performed in the late
1970s to early 1980s report a prevalence range from
1.2 to 39.2 per 100,000 people and an incidence
range of 0.4 to 2.6 per 100,000 people per year.4-8 In
addition, a population-based study performed in
Utah in 1992 documented a prevalence of 11.2 per
100,000 people and an incidence of 0.98 per 100,000
people per year, and both rates are comparable to
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studies performed in Europe.8 Because the popula-
tion of Utah has a high proportion of people with
Northern European ancestry, the concordance of this
finding with previous studies is not surprising. The
reported incidence of DH is also comparable to that
reported for other immunobullous diseases, such as
bullous pemphigoid and pemphigus vulgaris.9
A few studies in Asian
populations have shown
that DH is very rare among
this group and even rarer
among African Americans.
In fact, so few cases have
been described that no larger
population-based studies
have been reported in these
ethnic groups.10,11 Although
DH was not considered a
familial condition for many
years, that view is now
changing because a number
of genetic studies and epidemiologic reports have
recorded familial cases of DH.12-14 The prevalence
and presentation of DH varies geographically.
Northern Europe appears to have the largest number
of cases overall, but DH with onset in childhood
tends to be more common in Mediterranean coun-
tries.15 This may be related to differences in diet or to
a genetic predisposition within these populations.

Males have a higher prevalence of DH.8 In fact,
most population-based studies to date have found
male to female ratios ranging from 1.5:1 to 2:1.8

Interestingly, the opposite is true of the prevalence
of CD, with female to male ratios ranging from 2:1
to 4:1.16,17

Most patients report the onset of symptoms
during the warmer months of the year, any time
from spring to late summer.8 Whether this finding is
related to the pathophysiology of the condition is
unclear. The time of onset of DH is variable, with
the most common age range at presentation being
30 to 40 years old; however, the age at diagnosis
varies widely from infancy to the geriatric popula-
tion.8,15 Childhood DH is rare, and for many years it
was grouped with the diagnosis of linear IgA
bullous dermatosis of childhood. Therefore, the
true prevalence of childhood DH is not well
characterized.

PATHOGENESIS
Key points
d A strong genetic predisposition to dermatitis

herpetiformis exists among affected families
d Human leukocyte antigeneDQ2 and human

leukocyte antigeneDQ8 are associated with
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dermatitis herpetiformis in humans and an-
imal models

d Gliadin modified by tissue transglutaminase,
the major autoantigen in celiac disease, has a
higher affinity for antigen-presenting cells
expressing human leukocyte antigeneDQ2

d Epidermal transglutaminase appears to be
the dominant autoantigen in dermatitis
herpetiformis

The pathophysiology of DH likely involves a
complex interplay between autoimmune factors,
such as human leukocyte antigen (HLA) predisposi-
tion, genetics, and environment. Both gluten sensi-
tivity and DH have a strong genetic component, as
revealed by a number of case studies in monozygotic
twins. More recently, a prospective study of six
monozygotic twin pairs revealed a concordance
rate of 0.91, a figure much higher than expected for
a complex inheritance trait.18 These studies, while
suggestive, are confounded by small sample size,
which limits statistical analysis. In addition to twin
studies, a population-based analysis of first-degree
relatives revealed that the incidence of CD and DH
among first-degree relatives was almost 15 times
higher than that in the general population.19 Up to
18% of patients with DH in this study had a first-
degree relative with either DH or gluten intoler-
ance.19 These findings emphasize that genetic factors
likely play an important role in the pathogenesis of
DH, an observation that is both intriguing and
clinically useful in counseling patients and families
with this condition.

One gene that has been found to be genetically
linked to CD and weakly to DH in some populations
is myosin IXB (MYO9B) on chromosome 9p13.20-23

This linkage was not present in every population
studied, but the possible role of MYO9B in the
pathogenesis of CD and DH suggested by these
findings is interesting.24 MYO9B functions in cell
signaling and regulation of the actin cytoskeleton
dynamics, thereby regulating cell integrity and the
permeability of the gut barrier. It has been suggested
that increased permeability of the intestine may
allow more gluten penetration, and that a subse-
quent immunologic triggering results in clinically
overt CD or DH. Additional genetic and biochemical
studies are needed to evaluate this hypothesis.

Two recent genome-wide association studies of
CD found an association between CD and genomic
variants at the interleukin-2 (IL-2) to IL-21 region,
regulator of G-protein signaling 1 (RGS1), IL-12A,
IL-18 receptor protein (IL18RAP), cluster of chemo-
kine receptor 3 (CCR3), T cell activation GTPase-
activating protein (TAGAP), and SH2B3 protein.25,26
The functional significance of these genes in CD
development and any relationship to DH is unclear.

Predisposition to developing DH has also been
reported with respect to HLA loci. A close association
between DH and HLA-DQ2 or HLA-DQ8 has been
noted in a number of studies.27,28 In one study
comparing 50 patients with DH to 290 healthy
controls, 86% of the affected patients carried the
HLA-DQ2 allele (compared to 25% of the controls),
with the majority of the remaining cases associated
with HLA-DQ8.27 Murine models have confirmed the
association, with HLA-DQ81 transgenic mice devel-
oping gluten sensitivity similarly to humans.29 Of
interest, mice engineered with an HLA-DQ81 trans-
gene alone lacked skin manifestations of gluten
sensitivity.28,29 However, a murine model that com-
bined HLA-DQ8 expression in a nonobese diabetic
(NOD) mouse model mouse background (a classic
murine model of autoimmunity) with a trigger for
inflammation resulted in recapitulation of DH skin
findings upon a gluten challenge.28 The mice with a
genetic predisposition, a tendency for autoimmu-
nity, and an inflammatory trigger developed clinical,
histologic, and immunofluorescence evidence of
DH, again confirming that complex geneeenviron-
ment interaction is probably necessary for develop-
ment of this condition.28

The immunologic basis for development of DH is
intimately linked with the pathogenesis of gluten
intolerance and CD.14,15,30,31 tTG is the major autoan-
tigen for CD.32 The tTG protein is a primarily cyto-
plasmic, calcium-dependent enzyme that catalyzes
crosslinks between glutamine and lysine protein res-
idues.33 Its biologic functions vary widely, from stabi-
lizationof the cytoskeletonandextracellularmatrixvia
protein polymerization, the regulation of cell matrix
adhesion and cell migration, and proliferation via the
effectson integrin-dependent cell signaling.14,33,34 tTG
is ubiquitously expressed in many tissues. In the skin,
it is found in basal keratinocytes and dermal capillar-
ies.35 In the small bowel, tTG expression colocalizes
with IgA deposition seen in CD.

Transglutaminase plays a central role in the path-
ogenesis of gluten intolerance. First, tTG modifies the
alcohol-soluble fraction of gluten known as gliadin
into an efficient autoantigen with stronger affinity for
HLA-DQ2 on antigen-presenting cells, resulting in T
cell stimulation and the ensuing inflammatory re-
sponse.30,33,34,36,37 In addition, proteineprotein cross-
linking results in tTGegliadin complexes that also
generate a robust autoantibody response.33,34,36,37

The subsequent inflammation leads to intestinal dam-
age and villous atrophy clinically present in CD.

Because the initial neutrophilic infiltrate in DH is
within the dermal papillae, most investigators
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assumed the vesicles formed below the lamina
densa. This was supported by electron microscopic
(EM) studies. However, immunomapping has con-
firmed that the subepidermal cleft is, in fact, within
the lamina lucida.38 This discrepancy may be related
to papillary dermal edema, which can simulate a
sublamina densa cleft. In addition, EM studies are
limited by the minute area of tissue examined,
making it more likely to miss clefts within the lamina
lucida.

The pathogenic autoantibodies in both CD and
DH are predominantly of the IgA class, although IgG
can be seen and becomes important in patients with
gluten sensitivity and IgA deficiency.33,39 The hall-
mark finding in DH is granular deposition of IgA
within the tips of the dermal papillae and along the
basement membrane as seen on direct immunoflu-
orescence of perilesional skin.14,15,31,39-42 The depo-
sition of IgA is thought to trigger an inflammatory
response that, in turn, results in a predominantly
neutrophilic infiltrate and skin vesiculation.15,31,39

Circulating IgA and/or IgG anti-tTG and antiglia-
din antibodies are found in patients with active CD.
However, in patients with DH, eTG appears to be the
dominant autoantigen, and it colocalizes with IgA
deposits in the skin.14,15,39-42 eTG is homologous to
tTG within the enzymatically active domains.35,43

The main function of eTG in the epidermis involves
cross-linking and the maintenance of cornified en-
velope integrity.43,44 The expression of eTG is more
restricted than tTG, and is primarily seen in the
epidermis, small intestine, brain, and testes.44

Patients with DH appear to have both IgA antibodies
that are specific for eTG and IgA antibodies that react
with both eTG and tTG.42 Although the main auto-
antigens differ between CD and DH, one study
showed that they share common conserved epi-
topes, further linking the two diseases.40,42 The
majority of children with CD have higher levels of
anti-tTG than eTG IgA antibodies compared to adults
with either CD or DH.40,45 Adult patients, conversely,
have higher levels of anti-eTG IgA.40 Given that the
onset of DH is usually in adulthood, this brings up
the question of whether children with subclinical CD
may develop intermolecular epitope spreading to
involve eTG, resulting in development of DH as
adults.40 This hypothesis, and the mechanism for
development of anti-eTG antibodies later in life,
remains to be investigated.

Whether the IgA anti-eTG antibodies are the
central pathogenic factor in DH is still in question.
Circulating levels of IgA anti-eTG were found to be
more sensitive than IgA anti-tTG in identifying
DH.45,46 In one patient, IgA anti-eTG titers were
shown to correlate with adherence to a gluten-free
diet, raising the possibility that this may be a useful
tool for monitoring disease in the clinical setting.45

Another recent investigation revealed that only
about 50% of patients with DH were positive for
IgA anti-eTG.40 This would imply that other patho-
genic factors may be involved.40 A passive transfer
model of DH has not yet been established, and the
presence of IgA deposits does not seem to correlate
with disease activity.40,47 Skin deposits of IgA im-
mune complexes disappear in patients maintained
on a gluten-free diet (GFD) and reappear with
rechallenge, again linking the pathophysiology of
DH to gluten sensitivity.47

As with any multifactorial disease, lifestyle factors
modify the pathogenesis of DH and gluten sensitiv-
ity. Iodine use and iodine-containing diets (such as
shellfish) have been reported to induce flares of
DH.48 Recently, the exacerbation of DH was shown
to occur after exposure to triiodomethane-
containingmaterial used during dental procedures.49

Tobacco may also impact DH severity. In two small
analyses of adults, smoking rates were found to be
lower among patients diagnosed with DH.50,51

A similar finding was reported for patients with CD
alone, suggesting a protective role for smoking in CD
similar to that seen in ulcerative colitis.52-54 Whether
the immunomodulation induced by smoking would
have a protective effect on DH is unclear. Additional
studies are necessary to determine if nicotine treat-
ment may be a management option for these
conditions.
CLINICAL FEATURES
Key points
d In this highly pruritic condition, the primary

lesions of dermatitis herpetiformis (papules
and vesicles) are often absent, replaced by
erosions and excoriations

d Dermatitis herpetiformis has a classic distri-
bution, involving bilateral extensor surfaces,
scalp, and buttocks

d Mucosal involvement in dermatitis herpeti-
formis is rare

The clinical distribution and morphology of skin
lesions are the hallmarks of DH.14,31 Primary lesions
of DH are grouped erythematous papules sur-
mounted by vesicles. Because of the intense pruritus
associated with this condition, patients often scratch
all the vesicles and therefore may present with only
erosions and excoriations.55 The eruption is sym-
metrically distributed on the extensor surfaces of the
upper and lower extremities, elbows, knees, scalp,
nuchal area, and buttocks (Fig 1). The face and groin
may also be involved (Fig 1). Generally, lesions heal



Fig 1. A, Erythematous papules and plaques on the elbow. Excoriations (arrow) and scattered
intact vesicles (arrowheads) are also noted. B, Edematous, erythematous papules and plaques
on the forehead and scalp (photograph courtesy of Dr M. Nikolic). C, Excoriations with
hemorrhagic crusts on the knee. D, Grouped vesicles (arrowheads) on an erythematous base
on the back (photograph courtesy of Dr B. Ortel).
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without scarring, although significant postinflamma-
tory pigment changes can occur. Because DH ismore
commonly seen in patients of Northern European
descent, there are only a few reports detailing the
clinical presentation of DH in darker-skinned indi-
viduals.10,11 In general, the clinical presentation in
patients with darker skin types is similar to that seen
in whites.

DH should be differentiated from other bullous
skin disorders, such as linear IgA bullous dermatosis
(LABD) and bullous pemphigoid. Urticaria, atopic,
nummular or contact dermatitis, and scabies infesta-
tion should be considered in the differential diagno-
sis. LABD in particular may have a similar clinical
presentation to DH. However, a ‘‘crown of jewels’’
configuration of lesions and large bullae are charac-
teristic for LABD. Biopsy specimens for histopatho-
logic evaluation and direct immunofluorescence
testing and an oil preparation for scabies will allow
for a prompt and accurate diagnosis.

An uncommon skin manifestation of DH is
palmoplantar purpura. This finding is more common
in children, but a number of adult cases have been
described.39,56-60 Clinically, petechiae are present on
the palms and/or soles. No involvement of the dorsal
surface of the hands or feet has been reported. The
dominant hand often appears more involved, sug-
gesting trauma as an etiologic factor.
Mucosal involvement is rarely seen in DH.31 Most
studies reporting oral lesions lack confirmation by
direct immunofluorescence testing of the oral mu-
cosa. DH-associated conditions, such as CD and
autoimmune connective tissue diseases, may cause
oral ulceration independently, thereby complicating
assessment of the cause of mucosal findings in
patients with DH. Despite these limitations, a few
reports describe oral lesions in the context of an
established DH diagnosis. They include vesicles,
erythematous macules, and erosions on the mucosa
(Fig 2), including the tongue.31,61 These may be
accompanied by soreness or a burning sensation. It
is important to note, however, that CD alone has
been associated with both oral aphthosis and muco-
sal ulceration.31,62-64 Therefore, the relationship of
these oral findings to DH is still unclear.

Finally, dental abnormalities have been described
in patients with CD and in patients with DH.14,62,64

Enamel defects in permanent teeth are seen in both
childhood and adult CD and DH.65,66 Horizontal
grooves, defects in enamel color, and large enamel
pits (Fig 2) are the most common dental findings in
patients with DH.64-66 Delayed eruption of teeth was
also noted in some children.64 One study showed
that first-degree relatives of patients with CD often
had enamel defects themselves, suggesting a patho-
physiologic link between CD and enamel defects.67



Fig 2. Multiple erosions of the lower lip mucosa (arrow-
heads). An enamel pit is present on the left lower canine
(arrow).
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The pathogenesis of dental findings seen in CD and
DH is uncertain.
ASSOCIATED DISORDERS
Key points
d Dermatitis herpetiformis is a cutaneous

form of gluten sensitivity
d A wide range of autoimmune disorders are

associated with dermatitis herpetiformis,
but hypothyroidism is the most common

d Patients with dermatitis herpetiformis may
have a higher risk of non-Hodgkin lymphoma,
particularly enteropathy-associated T-cell
lymphoma

DH is considered the cutaneous manifestation of
gluten sensitivity. Despite this, the majority of pa-
tients with DH have clinically silent or mild gastro-
intestinal CD and show improvement of cutaneous
manifestations of CD on a GFD.12,14,18,27,35,55 In fact,
isolated iron deficiency may be the only indicator of
CD in a patient with DH.14,68 Because underlying CD
may cause atrophic gastritis, pernicious anemia may
also be the sole finding in patients with DH.69

A number of autoimmune conditions have a close
association with DH. There is an increased preva-
lence of thyroid disease and presence of thyroid
microsomal antibodies in patients with DH.69-71

Hypothyroidism is more common than hyperthy-
roidism.70 Increased age and thyroid microsomal
antibodies are associatedwith a higher risk of thyroid
disease.70 The prevalence of type I diabetes (IDDM)
is also increased in patients with DH and their first-
degree relatives.69,72 The prevalence of IDDM ranges
from 2.3% to close to 5% among patients with DH,
which is similar to that in CD but much higher than
what is reported for the general population.69,72-74

Rarely, Addison disease is found in association
with DH.69,75 A number of cases and series have also
documented the cooccurrence of vitiligo and
DH.14,69,70,76,77 Of note, alopecia areata, known to
be associated with vitiligo and IDDM, was also
reported in association with DH.69,73 Lastly, autoim-
mune connective tissue diseases reportedly have a
higher prevalence among DH patients.69 These
include Sj€ogren syndrome, rheumatoid arthritis,
and lupus erythematosus.69,73,78 Whether GFD re-
duces the risk of developing autoimmune conditions
in patients with DH is unknown.

Patients with CD have an increased risk of oste-
oporosis and fracture.79,80 However, although DH
belongs in the spectrum of CD, studies to date have
not identified an increased risk of fracture or bone
abnormalities in patients with DH.81,82 Although this
may be attributed to the comparatively mild clinical
features of CD seen in most patients with DH,
additional studies with larger patient numbers are
needed to draw definitive conclusions.

While patients with DH do not appear to have an
increase in mortality related to malignancies, a
number of studies have revealed a higher risk of
non-Hodgkin lymphoma.15,31,83-86 First-degree rela-
tives of patients with DH do not have an increased
incidence of lymphoma, not solely enteropathy-
associated T-cell lymphoma, as is traditionally
thought to be the case in CD, but also B-cell
lymphoma, which may occur both in and outside
the gastrointestinal tract as a nodal or extranodal
disease.15,84 It remains unclear whether compliance
with a GFD is protective against the development of
lymphoma in patients with DH.15,31,83,84,87

We thank Christopher R. Shea, MD, for his helpful
comments on this article.

REFERENCES

1. Duhring LA. Landmark article, Aug 30, 1884: Dermatitis

herpetiformis. By Louis A. Duhring. JAMA 1983;250:212-6.

2. Zone JJ, Meyer LJ, Petersen MJ. Deposition of granular IgA

relative to clinical lesions in dermatitis herpetiformis. Arch

Dermatol 1996;132:912-8.

3. Lever WF, Elder DE, editors. Lever’s histopathology of the skin.

Philadelphia: Wolters Kluwer Health/Lippincott Williams &

Wilkins; 2009.

4. Mobacken H, Kastrup W, Nilsson LA. Incidence and prevalence

of dermatitis herpetiformis in western Sweden. Acta Derm

Venereol 1984;64:400-4.

5. Reunala T, Lokki J. Dermatitis herpetiformis in Finland. Acta

Derm Venereol 1978;58:505-10.

6. Moi H. Incidence and prevalence of dermatitis herpetiformis in

a country in central Sweden, with comments on the course of

the disease and IgA deposits as diagnostic criterion. Acta

Derm Venereol 1984;64:144-50.

7. Gawkrodger DJ, Blackwell JN, Gilmour HM, Rifkind EA, Head-

ing RC, Barnetson RS. Dermatitis herpetiformis: diagnosis, diet

and demography. Gut 1984;25:151-7.

8. Smith JB, Tulloch JE, Meyer LJ, Zone JJ. The incidence and

prevalence of dermatitis herpetiformis in Utah. Arch Dermatol

1992;128:1608-10.



J AM ACAD DERMATOL

VOLUME 64, NUMBER 6
Bolotin and Petronic-Rosic 1023
9. Langan SM, Smeeth L, Hubbard R, Fleming KM, Smith CJ, West

J. Bullous pemphigoid and pemphigus vulgaris—incidence

and mortality in the UK: population based cohort study. BMJ

2008;337:a180.

10. Hall RP, Clark RE, Ward FE. Dermatitis herpetiformis in two

American blacks: HLA type and clinical characteristics. J Am

Acad Dermatol 1990;22:436-9.

11. Shibahara M, Nanko H, Shimizu M, Kanda N, Kubo M, Ikeda M,

et al. Dermatitis herpetiformis in Japan: an update. Dermatol-

ogy 2002;204:37-42.

12. Karell K, Korponay-Szabo I, Szalai Z, Holopainen P, Mustalahti

K, Collin P, et al. Genetic dissection between coeliac disease

and dermatitis herpetiformis in sib pairs. Ann Hum Genet

2002;66:387-92.

13. Meyer LJ, Zone JJ. Familial incidence of dermatitis herpetifor-

mis. J Am Acad Dermatol 1987;17:643-7.

14. Collin P, Reunala T. Recognition and management of the

cutaneous manifestations of celiac disease: a guide for

dermatologists. Am J Clin Dermatol 2003;4:13-20.

15. Reunala TL. Dermatitis herpetiformis. Clin Dermatol 2001;19:

728-36.

16. Lanzini A, Villanacci V, Apillan N, Lanzarotto F, Pirali F, Amato

M, et al. Epidemiological, clinical and histopathologic charac-

teristics of celiac disease: results of a case-finding population-

based program in an Italian community. Scand J Gastroenterol

2005;40:950-7.

17. Llorente-Alonso MJ, Fernandez-Acenero MJ, Sebastian M.

Gluten intolerance: sex and age-related features. Can J

Gastroenterol 2006;20:719-22.

18. Hervonen K, Karell K, Holopainen P, Collin P, Partanen J,

Reunala T. Concordance of dermatitis herpetiformis and celiac

disease in monozygous twins. J Invest Dermatol 2000;115:

990-3.

19. Hervonen K, Hakanen M, Kaukinen K, Collin P, Reunala T. First-

degree relatives are frequently affected in coeliac disease and

dermatitis herpetiformis. Scand J Gastroenterol 2002;37:51-5.

20. Amundsen SS, Monsuur AJ, Wapenaar MC, Lie BA, Ek J,

Gudjonsdottir AH, et al. Association analysis of MYO9B gene

polymorphisms with celiac disease in a Swedish/Norwegian

cohort. Hum Immunol 2006;67:341-5.

21. Koskinen LL, Korponay-Szabo IR, Viiri K, Juuti-Uusitalo K,

Kaukinen K, Lindfors K, et al. Myosin IXB gene region and gluten

intolerance: linkage to coeliac disease and a putative dermatitis

herpetiformis association. J Med Genet 2008;45:222-7.

22. Monsuur AJ, de Bakker PI, Alizadeh BZ, Zhernakova A, Bevova

MR, Strengman E, et al. Myosin IXB variant increases the risk of

celiac disease and points toward a primary intestinal barrier

defect. Nat Genet 2005;37:1341-4.

23. Wolters VM, Verbeek WH, Zhernakova A, Onland-Moret C,

Schreurs MW, Monsuur AJ, et al. The MYO9B gene is a strong

risk factor for developing refractory celiac disease. Clin

Gastroenterol Hepatol 2007;5:1399-405.

24. Hunt KA, Monsuur AJ, McArdle WL, Kumar PJ, Travis SP,

Walters JR, et al. Lack of association of MYO9B genetic variants

with coeliac disease in a British cohort. Gut 2006;55:969-72.

25. Hunt KA, Zhernakova A, Turner G, Heap GA, Franke L,

Bruinenberg M, et al. Newly identified genetic risk variants

for celiac disease related to the immune response. Nat Genet

2008;40:395-402.

26. van Heel DA, Franke L, Hunt KA, Gwilliam R, Zhernakova A,

Inouye M, et al. A genome-wide association study for celiac

disease identifies risk variants in the region harboring IL2 and

IL21. Nat Genet 2007;39:827-9.

27. Spurkland A, Ingvarsson G, Falk ES, Knutsen I, Sollid LM,

Thorsby E. Dermatitis herpetiformis and celiac disease are
both primarily associated with the HLA-DQ (alpha 1*0501,

beta 1*02) or the HLA-DQ (alpha 1*03, beta 1*0302) hetero-

dimers. Tissue Antigens 1997;49:29-34.

28. Marietta E, Black K, Camilleri M, Krause P, Rogers RS 3rd, David

C, et al. A new model for dermatitis herpetiformis that uses

HLA-DQ8 transgenic NOD mice. J Clin Invest 2004;114:1090-7.

29. Black KE, Murray JA, David CS. HLA-DQ determines the response

to exogenous wheat proteins: a model of gluten sensitivity in

transgenic knockout mice. J Immunol 2002;169:5595-600.

30. Marsh MN. Transglutaminase, gluten and celiac disease: food

for thought. Transglutaminase is identified as the autoantigen

of celiac disease. Nat Med 1997;3:725-6.

31. Nicolas ME, Krause PK, Gibson LE, Murray JA. Dermatitis

herpetiformis. Int J Dermatol 2003;42:588-600.

32. Dieterich W, Ehnis T, Bauer M, Donner P, Volta U, Riecken EO,

et al. Identification of tissue transglutaminase as the autoan-

tigen of celiac disease. Nat Med 1997;3:797-801.

33. Caputo I, Barone MV, Martucciello S, Lepretti M, Esposito C.

Tissue transglutaminase in celiac disease: role of autoanti-

bodies. Amino Acids 2009;36:693-9.

34. Schuppan D, Dieterich W, Riecken EO. Exposing gliadin as a

tasty food for lymphocytes. Nat Med 1998;4:666-7.

35. Karpati S. Dermatitis herpetiformis: close to unravelling a

disease. J Dermatol Sci 2004;34:83-90.

36. Molberg O, McAdam SN, Korner R, Quarsten H, Kristiansen C,

Madsen L, et al. Tissue transglutaminase selectively modifies

gliadin peptides that are recognized by gut-derived T cells in

celiac disease. Nat Med 1998;4:713-7.

37. Anderson RP, Degano P, Godkin AJ, Jewell DP, Hill AV. In vivo

antigen challenge in celiac disease identifies a single

transglutaminase-modified peptide as the dominant A-gliadin

T-cell epitope. Nat Med 2000;6:337-42.

38. Smith JB, Taylor TB, Zone JJ. The site of blister formation in

dermatitis herpetiformis is within the lamina lucida. J Am Acad

Dermatol 1992;27:209-13.

39. Zone JJ, Egan CA, Taylor TB, Meyer LJ. IgA autoimmune

disorders: development of a passive transfer mouse model.

J Investig Dermatol Symp Proc 2004;9:47-51.

40. Hull CM, Liddle M, Hansen N, Meyer LJ, Schmidt L, Taylor T, et al.

Elevation of IgA anti-epidermal transglutaminase antibodies in

dermatitis herpetiformis. Br J Dermatol 2008;159:120-4.

41. Kawana S, Segawa A. Confocal laser scanning microscopic and

immunoelectron microscopic studies of the anatomical distri-

bution of fibrillar IgA deposits in dermatitis herpetiformis.

Arch Dermatol 1993;129:456-9.

42. Sardy M, Karpati S, Merkl B, Paulsson M, Smyth N. Epidermal

transglutaminase (TGase 3) is the autoantigen of dermatitis

herpetiformis. J Exp Med 2002;195:747-57.

43. Lorand L, Graham RM. Transglutaminases: crosslinking en-

zymes with pleiotropic functions. Nat Rev Mol Cell Biol 2003;4:

140-56.

44. Hitomi K. Transglutaminases in skin epidermis. Eur J Dermatol

2005;15:313-9.

45. Jaskowski TD, Hamblin T, Wilson AR, Hill HR, Book LS, Meyer

LJ, et al. IgA anti-epidermal transglutaminase antibodies in

dermatitis herpetiformis and pediatric celiac disease. J Invest

Dermatol 2009;129:2728-30.

46. Rose C, Armbruster FP, Ruppert J, Igl BW, Zillikens D,

Shimanovich I. Autoantibodies against epidermal transgluta-

minase are a sensitive diagnostic marker in patients with

dermatitis herpetiformis on a normal or gluten-free diet. J Am

Acad Dermatol 2009;61:39-43.

47. Leonard J, Haffenden G, Tucker W, Unsworth J, Swain F,

McMinn R, et al. Gluten challenge in dermatitis herpetiformis.

N Engl J Med 1983;308:816-9.



J AM ACAD DERMATOL

JUNE 2011
1024 Bolotin and Petronic-Rosic
48. Charlesworth EN, Backe JT, Garcia RL. Iodide-induced immu-

nofluorescence in dermatitis herpetiformis. Arch Dermatol

1976;112:555.

49. Katz KA, Roseman JE, Roseman RL, Katz SI. Dermatitis herpeti-

formis flare associated with use of triiodomethane packing

strips for alveolar osteitis. J Am Acad Dermatol 2009;60:352-3.

50. Lear JT, English JS, Jones PW. Adult coeliac disease, dermatitis

herpetiformis and smoking. Gut 1997;40:289.

51. Smith JB, Smith SB, Zone JJ. Dermatitis herpetiformis and

cigarette smoking. Gut 1998;43:732.

52. Snook JA, Dwyer L, Lee-Elliott C, Knan S, Wheeler DW, Nicholas

DS, et al. Smoking benefits celiac sprue and pouchitis: implica-

tions for nicotine therapy? Gastroenterology 1997;112:1048-50.

53. Snook JA, Dwyer L, Lee-Elliott C, Khan S, Wheeler DW, Nicholas

DS. Adult coeliac disease and cigarette smoking. Gut 1996;39:

60-2.

54. Austin AS, Logan RF, Thomason K, Holmes GK. Cigarette

smoking and adult coeliac disease. Scand J Gastroenterol

2002;37:978-82.

55. Zone JJ. Skin manifestations of celiac disease. Gastroenterol-

ogy 2005;128(4 suppl. 1):S87-91.

56. Marks R, Jones EW. Purpura in dermatitis herpetiformis. Br J

Dermatol 1971;84:386-8.

57. McCleskey PE, Erickson QL, David-Bajar KM, Elston DM. Palmar

petechiae in dermatitis herpetiformis: a case report and

clinical review. Cutis 2002;70:217-23.

58. McGovern TW, Bennion SD. Palmar purpura: an atypical

presentation of childhood dermatitis herpetiformis. Pediatr

Dermatol 1994;11:319-22.

59. Pierce DK, Purcell SM, Spielvogel RL. Purpuric papules and

vesicles of the palms in dermatitis herpetiformis. J Am Acad

Dermatol 1987;16:1274-6.

60. Hofmann SC, Nashan D, Bruckner-Tuderman L. Petechiae on

the fingertips as presenting symptom of dermatitis herpeti-

formis Duhring. J Eur Acad Dermatol Venereol 2009;23:732-3.

61. Lahteenoja H, Irjala K, Viander M, Vainio E, Toivanen A,

Syrjanen S. Oral mucosa is frequently affected in patients

with dermatitis herpetiformis. Arch Dermatol 1998;134:756-8.

62. Lahteenoja H, Toivanen A, Viander M, Maki M, Irjala K, Raiha I,

et al. Oral mucosal changes in coeliac patients on a gluten-free

diet. Eur J Oral Sci 1998;106:899-906.

63. da Silva PC, de Almeida Pdel V, Machado MA, de Lima AA,

Gregio AM, Trevilatto PC, et al. Oral manifestations of celiac

disease. A case report and review of the literature. Med Oral

Patol Oral Cir Bucal 2008;13:E559-62.

64. Campisi G, Di Liberto C, Iacono G, Compilato D, Di Prima L,

Calvino F, et al. Oral pathology in untreated coeliac [corrected]

disease. Aliment Pharmacol Ther 2007;26:1529-36.

65. Aine L, Maki M, Reunala T. Coeliac-type dental enamel defects

in patients with dermatitis herpetiformis. Acta Derm Venereol

1992;72:25-7.

66. Aine L, Reunala T, Maki M. Dental enamel defects in children

with dermatitis herpetiformis. J Pediatr 1991;118:572-4.

67. Maki M, Aine L, Lipsanen V, Koskimies S. Dental enamel

defects in first-degree relatives of coeliac disease patients.

Lancet 1991;337:763-4.

68. Maki M, Collin P. Coeliac disease. Lancet 1997;349:1755-9.

69. Kaplan RP, Callen JP. Dermatitis herpetiformis: autoimmune

disease associations. Clin Dermatol 1991;9:347-60.

70. Gaspari AA, Huang CM, Davey RJ, Bondy C, Lawley TJ, Katz SI.

Prevalence of thyroid abnormalities in patients with dermatitis
herpetiformis and in control subjects with HLA-B8/-DR3. Am J

Med 1990;88:145-50.

71. Zettinig G, Weissel M, Flores J, Dudczak R, Vogelsang H.

Dermatitis herpetiformis is associated with atrophic but not

with goitrous variant of Hashimoto’s thyroiditis. Eur J Clin

Invest 2000;30:53-7.

72. Hervonen K, Viljamaa M, Collin P, Knip M, Reunala T. The

occurrence of type 1 diabetes in patients with dermatitis

herpetiformis and their first-degree relatives. Br J Dermatol

2004;150:136-8.

73. Neuhausen SL, Steele L, Ryan S, Mousavi M, Pinto M, Osann KE,

et al. Co-occurrence of celiac disease and other autoimmune

diseases in celiacs and their first-degree relatives.

J Autoimmun 2008;31:160-5.

74. Forouhi NG, Merrick D, Goyder E, Ferguson BA, Abbas J,

Lachowycz K, et al. Diabetes prevalence in England, 2001—

estimates from an epidemiological model. Diabet Med 2006;

23:189-97.

75. Reunala T, Salmi J, Karvonen J. Dermatitis herpetiformis and

celiac disease associated with Addison’s disease. Arch Derma-

tol 1987;123:930-2.

76. Amato L, Gallerani I, Fuligni A, Mei S, Fabbri P. Dermatitis

herpetiformis and vitiligo: report of a case and review of the

literature. J Dermatol 2000;27:462-6.

77. Karabudak O, Dogan B, Yildirim S, Harmanyeri Y, Anadolu-

Brasie R. Dermatitis herpetiformis and vitiligo. J Chin Med

Assoc 2007;70:504-6.

78. Stavropoulos PG, Moustou AE, Tsiougou M, Avgerinou G,

Chatziolou E, Katsambas A. Might dermatitis herpetiformis be

associated with discoid lupus erythematosus? J Eur Acad

Dermatol Venereol 2008;22:749-50.

79. Bianchi ML, Bardella MT. Bone in celiac disease. Osteoporos Int

2008;19:1705-16.

80. Taranta A, Fortunati D, Longo M, Rucci N, Iacomino E, Aliberti

F, et al. Imbalance of osteoclastogenesis-regulating factors in

patients with celiac disease. J Bone Miner Res 2004;19:

1112-21.

81. Lewis NR, Logan RF, Hubbard RB, West J. No increase in risk of

fracture, malignancy or mortality in dermatitis herpetiformis: a

cohort study. Aliment Pharmacol Ther 2008;27:1140-7.

82. Abuzakouk M, Barnes L, O’Gorman N, O’Grady A, Mohamed B,

McKenna MJ, et al. Dermatitis herpetiformis: no evidence of

bone disease despite evidence of enteropathy. Dig Dis Sci

2007;52:659-64.

83. Collin P, Pukkala E, Reunala T. Malignancy and survival in

dermatitis herpetiformis: a comparison with coeliac disease.

Gut 1996;38:528-30.

84. Hervonen K, Vornanen M, Kautiainen H, Collin P, Reunala T.

Lymphoma in patients with dermatitis herpetiformis and their

first-degree relatives. Br J Dermatol 2005;152:82-6.

85. Viljamaa M, Kaukinen K, Pukkala E, Hervonen K, Reunala T,

Collin P. Malignancies and mortality in patients with coeliac

disease and dermatitis herpetiformis: 30-year population-

based study. Dig Liver Dis 2006;38:374-80.

86. Sigurgeirsson B, Agnarsson BA, Lindelof B. Risk of lym-

phoma in patients with dermatitis herpetiformis. BMJ 1994;

308:13-5.

87. Lewis HM, Renaula TL, Garioch JJ, Leonard JN, Fry JS, Collin P,

et al. Protective effect of gluten-free diet against development

of lymphoma in dermatitis herpetiformis. Br J Dermatol 1996;

135:363-7.


