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Abstract

Bullous pemphigoid (BP) is the most common autoimmune subepidermal bullous diseases. Autoantibodies against hemides-
mosomal adhesion proteins might be involved in the developing process. BP usually affects the elderly with high mortality
whereas the drug-induced BP is often improved and rarely relapses after the withdrawal of the suspected drug. An accumu-
lated evidence suggests that dipeptidyl peptidase-4 inhibitor (DPP-4I), which has been widely used as the antidiabetic drug
improves glycemic control with little risk for hypoglycemia, could be an inducer of DPP-4I-associated BP (DPP-41-BP).
While the precise mechanism remains unclear, a unique immunological profile with human leukocyte antigen (HLA)-
DQB1%*03:01 could be a biomarker of genetic susceptibility to DPP-41-BP. Here, we encountered an interesting case of
DPP-41-BP with HLA-DQB1*03:01, which was likely triggered by scabies. A 56-year-old Japanese male with type 2 diabetes
on hemodialysis was referred to our hospital due to worsened blisters. Prior to his admission, he had been on linagliptin, a
DPP-4I, for 5 months. He then suffered from scabies 2 weeks before his admission while the treatment with ivermectin failed
to improve his symptom. Based on his clinical symptom, positive for anti-BP180 autoantibody in serum, and the pathological
alterations of skin biopsy specimens, he was diagnosed with DPP-41-BP. Importantly, he also carried an HLA-DQB1*03:01
allele. Oral prednisolone was subsequently administered after the discontinuation of linagliptin, and his symptom gradually
disappeared. Given the fact that the DPP-41-BP could be a life-threating disease, we should be cautious of prescribing DPP-
41 in hemodialysis patients, whose immune system could be impaired.
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Introduction

Bullous pemphigoid (BP) is the most common autoimmune
subepidermal bullous disease typically manifesting general-
ized tense, pruritic blisters [1]. BP is basically classified into
two clinical phenotypes: one is the inflammatory type, and
the other is the non-inflammatory [2]. Noninflammatory BP
tends to manifest milder skin symptoms with fewer erythema
than inflammatory BP does [2, 3]. BP is characterized by the
presence of autoantibodies that recognize hemidesmosomal
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adhesion components (known as BP180 and BP230) at the
basement membrane zone (BMZ), which plays an impor-
tant role for adhesion between the epidermis and dermis
[4]. Noncollagenous 16A (NC16A), an extracellular domain
of BP180, contains the major pathogenic epitope so that
the serum level of anti-BP180-NC16A autoantibody often
correlates with the severity of the disease [5]. In particu-
lar, anti-BP180-NC16A autoantibody could be involved
in blister formation by activating complement-dependent
inflammatory pathway and BP180 internalization at BMZ by
complement-independent manner [4]. BP is a chronic skin
disorder mainly affects the elderly with high mortality rate
(1-year mortality rate, 23.5%) [6]. In contrast, drug-induced
BP shows a good response to treatment after withdrawal of
the suspected drug, and rarely relapses. More than 50 agents
have been implicated as a cause of drug-induced BP [7].
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Recently, dipeptidyl peptidase-4 inhibitors (DPP-41s)
have been known to cause the drug-induced BP [2, 7].
DPP-4 enzymatically degrades incretins such as glucagon-
like peptide-1 (GLP-1) and gastric inhibitory polypeptide
(GIP) so that DPP-4 inhibition usually prolongs the GLP-1/
GIP-dependent insulin secretion from pancreatic beta cells
and exhibits anti-diabetic effect, less likely inducing hypo-
glycemia [8]. Importantly, oral treatment options are limited
in cases of diabetic patients on hemodialysis but DPP-41s are
relatively safe to be utilized in such conditions. As a result,
this agent is currently the mainstay drug to control blood
sugar concentration in type 2 diabetic patients on hemodi-
alysis [9]. Given the fact that diabetic nephropathy is the
most common cause in the incident dialysis (43.2%) and the
number of hemodialysis patients have been growing in Japan
[10], perhaps the number of cases with DPP-4 inhibitor-
associated BP (DPP-41-BP) would increase in future. Impor-
tantly, DPP-4 is also known as cluster of differentiation 26
(CD26) and activates T-cell [11]. Thus, DPP-41 might alter
immune regulation, causing autoimmune disorders. Recent
studies showed predominance of noninflammatory pheno-
type in patients with DPP-41-BP [2, 12]. Interestingly, the
strong association between human leukocyte antigen (HLA)-
DQB1%#03:01 and non-inflammatory DPP-41-BP was shown
in Japanese patients [12].

Scabies, a parasitic infection caused by mite Sarcoptes
scabiei, develops multiple clinical phenotypes and some-
times mimic BP which is known as bullous scabies [13].
Since skin lesions in patients with end-stage renal disease
are diverse and sometimes difficult to diagnosis without his-
topathological evaluations [14], early diagnosis is critical to
achieve a prompt remission from the disease. Scabies also
becomes a serious problem in hemodialysis patients since it
could be epidemic in dialysis unit [15]. In addition, diabetes
is one of the prevalent comorbidities in patients with scabies
[16]. Since steroid therapy could exacerbate scabies, ruling
out scabies is essential before making diagnosis of BP in
hemodialysis patients with diabetes. Importantly, some cases
of BP could be triggered by scabies [16].

Case report

A 56-year-old Japanese male who had been on hemodialysis
for 7 years was referred to our hospital because of worsening
of cutaneous pruritus, which began 1 month prior to admis-
sion. Although antipruritic drugs were administered, his
symptom was never resolved. Two weeks later, he was diag-
nosed with the common scabies as small number of mites
was detected in the specimen taken from abdominal erythe-
matous papules by microscopy. He was then treated with
200 pg/kg of oral ivermectin for treatment twice, 1 week
apart. However, skin lesions were refractory to the treatment
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and tense blisters were rather spread into the whole-body.
Since drug allergy was suspected as a cause, his daily oral
medications were discontinued. However, skin lesions were
not remarkably improved.

Originally, he had type 2 diabetes and initiated hemodi-
alysis due to diabetic nephropathy. Although insulin therapy
was initially required for treating diabetes, the patient could
achieve successful withdrawal of insulin therapy 1 year
prior to admission. However, 5 months prior to admission,
he started linagliptin, a DPP-41, for glycemic control. It was
the first time for him to take a DPP-41 in his life. His past
medical history also included hypertension, dyslipidemia,
hyperuricemia, and peripheral artery disease. He had no
recent histories of surgery and trauma. He had been also
taking several daily drugs, including irbesartan 100 mg,
carvedilol 5 mg, alfacalcidol 0.25 pg, clopidogrel sulfate
75 mg, and precipitated calcium carbonate 1500 mg for more
than 2 years. The conditions of dialysis were as follows:
mode, pre-dilution on-line hemodiafiltration; blood access,
arteriovenous fistula; duration and frequency of dialysis,
three 4 h sessions/week; dialysis membrane, MFX-30Seco
(polyethersulphone membrane, Nipro, Japan); anticoagulant,
heparin; and medications administered through the dialysis
circuit, darbepoetin alfa 80 ug/week and saccharated ferric
oxide 40 mg/week.

At initial presentation, his height was 181.0 cm, body
weight was 63.5 kg. His vital signs included body tempera-
ture of 37.6 °C, blood pressure of 185/95 mmHg, heart rate
of 87 beats/min with regular rhythm, respiratory rate of 18
breathe/min, and oxygen saturation of 98% with room air.
On physical examination, tense blisters were observed, and
epidermal abrasion was remarkable since most of blisters
were broke with time course (Fig. 1). Oral mucosa was
intact. Other physical findings were not remarkable. Blood
tests revealed normal white blood cell counts of 6600/uL
with a slightly elevated eosinophil counts of 825/uL, an
elevation of C-reactive protein of 12.57 mg/dL, and liver
function test results within normal range. Immunoglobulin
G (IgG) anti-BP180-NC16A autoantibody by chemilumi-
nescent enzyme immunoassay (40.0 U/mL, normal range
<9.0 U/mL) was positive. Skin biopsy was performed to
examine a blister of trunk of the body and pathological eval-
uations revealed a subepidermal bullae and infiltrations of
inflammatory cells into dermis (Fig. 2), which did not indi-
cate scabies. Although direct immunofluorescence was not
performed due to the faculty’s limitation and we could not
ascertain the deposition of IgG and complement component
3 on basement membrane of skin lesion, these findings were
compatible with BP.

Considering his clinical course, we suspected that linaglip-
tin could trigger the development of BP. Oral prednisolone
(PSL) therapy (20 mg/day) and 0.05% clobetasol propion-
ate ointment were initiated from the day of admission based
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Fig. 1 Cutaneous manifestations
of the present case on the day of
admission. Multiple bullae are
observed on upper extremities
(a), lower extremities (b). On
body trunk, skin erosions are
remarkable since most of bul-
lae are broken during clinical
course (c¢)

Fig.2 Light microscopic findings of skin biopsy. Subepidermal bul-
lae are observed and superficial inflammation with infiltrations of
eosinophils and lymphocyte are noted (hematoxylin and eosin stain,
original magnification X 200)

on severe cutaneous manifestation. Two types of antibiotics
including vancomycin and ceftazidime were intravenously
administered prophylactically to prevent his skin with compro-
mised skin barrier function from infections. Intensive insulin
therapy was required due to worsened glycemic control after
the initiation of PSL therapy. His skin condition was gradually
improved by PSL therapy and he was transferred to the former
hospital to continue the treatment on day 12. During hospi-
talization, the recurrence of scabies was denied by repeated
microscopic examinations. Later, we examined the patient’s
HLA-DQBI alleles by polymerase chain reaction-sequence-
based typing method in the preserved blood sample and one
of alleles was HLA-DQB1*03:01.

Discussion

To our knowledge, Skandalis et al. was the first group to
document cases with DPP-4I-BP in 2011 [17]. Later, Haber
et al. described the first two cases of linagliptin-associated
BP in 2015 [18]. In 2016, the strong association between
DPP-41 exposure and the development of BP was firstly
demonstrated in a large-scale epidemiological study con-
ducted by using French Pharmacovigilance Database [19].
Kawaguchi et al. subjected 9304 diabetic patients receiving
DPP-41s and found that the prevalence of DPP-41-BP was
0.0859% [20]. To date, the number of patients with DPP-
41-BP has been likely increasing.

Recently, a systemic review and adjusted meta-analysis
conducted by Phan et al. also revealed a significant associa-
tion between DPP-41I use and BP (odds ratio 2.13) [21]. In
Japanese population, a disproportionality analysis based on
the Japanese Adverse Drug Event Report Database (JADER)
showed that odds ratio was high in patients receiving vilda-
gliptin, teneligliptin, or linagliptin (reporting odds ratio,
12.09, 5.52, and 2.67, respectively). They also suggested
that elderly was also a risk factor for DPP-41-BP [22]. A
study subjecting 769 cases of drug-induced BP (referred
as pemphigoid in the original article) recorded in JADER
between April 2004 and November 2017 examined causa-
tive agents of BP and found that the most causative agent of
BP was vildagliptin (288 out of 769 cases) while 102 cases
with sitagliptin, 86 cases with teneligliptin, and 64 cases
with linagliptin were reported [23]. Although lower substrate
selectivity for DPP-4 and different specificity against DPP-8
and DPP-9 could be associated with pathophysiology of the
disease [24], further studies are required to explain different
propensities to cause BP in each DPP-41.

In terms of the latency period from DPP-41 administra-
tion to the onset of BP, Béné et al. reported that median time
was 10 months (ranged from 8 days to 37 months) [19].
A large-scale cohort study in the United Kingdom popula-
tion showed that a hazard ratio of DPP-4I-BP was peaked
at 20 months after DPP-41 administration [25]. Although
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the prognosis and clinical courses of DPP-4I-BP are not
well known, a suitable approach would be withdrawing the
DPP-41. Béné et al. reported that BP was improved relatively
soon by DPP-41 withdrawal, and the median time was just
10 days [19]. Benzaquen et al. reported 95% of the cases of
DPP-41-BP achieved partial or complete remission by the
DPP-41 withdrawal with a follow-up period of 3—30 months
[26]. The importance of discontinuation of DPP-41 was illus-
trated by Shrestha et al. showing a hemodialysis patient who
relapsed BP after withdrawal of steroid therapy because of
continuous DPP-41 use [27].

Although the precise mechanism for DPP-41-BP induction
remains unclear, the production of autoantibodies in response
to DPP-41 use could be a potential cause. [zumi et al. found
that patients who were positive for anti-full-length BP180
autoantibodies (autoantibodies against non-NC16A domain
of BP180) but negative for anti-BP180-NC16A autoantibod-
ies would tend to develop noninflammatory BP with DPP-41
use [2]. Interestingly, even without any cutaneous symptoms,
anti-full-length BP180 autoantibodies were more frequently
found in the patients with DPP-41 use (10.9%), compared to
those without DPP-41 use (5.6%) [28], suggesting that block-
ing DPP-4 might be involved in the induction of anti-full-
length BP180 autoantibodies. Mai et al. reported patients of
DPP-41-BP without anti-BP180-NC16A autoantibodies had
autoantibodies intensively react with LABD97, a 97-kDa
processed extracellular domain of BP180 [29]. These unique
autoantibody profiles against BP180 might be linked to clini-
cal characteristics of DPP-4I-BP. Alternatively, the comor-
bidity of diabetes may contribute to autoantibody production
in response to DPP-41 use as high frequency of diabetes was
observed in patients with BP (20%) [30]. Although DPP-
41-BP also manifests either an inflammatory or noninflam-
matory phenotype [12], some studies reported the number of
eosinophils infiltrating into the skin was significantly lower
in patients with DPP-4I-BP compared to patients with non-
drug induced BP [2, 12]. The lower eosinophil infiltration
into skin lesions may contribute to the predominance of non-
inflammatory phenotype in patients with DPP-41-BP.

Given that BP is an autoimmune disorder, immune dys-
regulation often observed in hemodialysis patients could be
involved in the pathogenesis of BP. For example, an increase
in serum soluble CD 23 (sCD23) levels was found to be
associated with the disease activity of BP along with the
aberrant activation of B cell and IgE production [31-33].
In turn, CD23 expression, which is also expressed in the
surface of B cells, was correlated with serum IgE levels
in patients with BP [34]. Furthermore, IgE autoantibodies
against anti-BP180-NC16A were correlated with the disease
activity in patients with BP [35]. These immune abnormali-
ties in hemodialysis patients could be involved in the devel-
opment of severe skin manifestation and remarkable eosino-
phil infiltrations into the superficial skin of the present case.
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In terms of genetic susceptibility, Sun et al. emphasized
the importance of HLA-DQB1*03:01 on BP development as
this allele was detected in about half of the patients with BP;
however, HLA-DQB1%*03:03 and HLA-DQB1*06:01 were
found to be significant protective alleles [36]. In Japanese
patients, Ujiie et al. reported that HLA-DQB1*03:01 was
presented in 86% (18/21) cases with noninflammatory DPP-
41-BP whereas it was detected in only 44% (4/9) cases with
inflammatory DPP-41-BP, 31% (19/61) cases with diabetes
treated by DPP-41Is, 26% (19/72) cases with non-DPP-41-BP,
and 18% (156/873) cases in Japanese general population
[12]. Although HLA-DQBI1 genotyping is not commonly
performed in daily clinical settings, it might provide useful
information to evaluate the susceptibility to develop DPP-
41-BP. To lower the risk of BP, it might be safe not to use
DPP4-1 in patients with HLA-DQB1*03:01.

Importantly, BP itself could be triggered by various fac-
tors, such as radiotherapy, trauma, surgical procedure, burns,
and infections [37]. In hemodialysis patients, the placement
of the fistula and/or hemodialysis catheter could be also a
trigger [38]. In this regard, epidermal injuries could stimu-
late inflammatory reactions with increased antigen-autoanti-
body interactions and scabies could be a potential trigger. A
Taiwanese population study demonstrated that hazard ratio
for BP for subjects with scabies was 21.61 within 1-year
follow-up period after receiving the first-time diagnosis of
scabies, compared to subjects without scabies [16]. In the
present case, we considered exposure of BMZ antigens fol-
lowing physical injury by mites or lytic enzymatic digestion
[13] might contribute to antigen-autoantibody interactions
to develop DPP-41-BP.

We encountered an interesting case of linagliptin-associ-
ated BP, likely triggered by scabies. We assumed that HLA-
DQB1*03:01 was also partially involved in the development
of linagliptin-associated BP in the present case. DPP-41-BP
could be considered as a distinct entity in drug-induced BP.
We should be aware of the risk of DPP-4I-BP since BP is
life-threatening disease especially in hemodialysis patients,
considering the high risk of infections. Scabies could be one
of predisposing factors of DPP-41-BP and must be ruled out
before initiating steroid treatment. The risk of DPP-41-BP
could be lowered if we avoid using DPP-41I especially in
patients carry an HLA-DQB1#03:01 allele.
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