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Abstract
Rationale: Severe refractory idiopathic inflammatory myopathy (IIM) represents a challenge for the clinician. The lack of efficacy of
available tools reflects our incomplete insight into the molecular events sustaining the inflammatory tissue damage in these patients.
We present the first case of refractory IIM treated with anti-dipeptidyl peptidase-4 (DPP-4)/cluster of differentiation 26 (CD26)
monoclonal antibody.

Patientconcerns:A 55-year old man presented with proximal muscle weakness, diffuse erythematous skin lesions which rapidly
evolved into ulcerations, dysphagia and dysphonia.

Diagnosis: Increased serum creatine kinase levels and histological findings at muscle and skin biopsies were compatible with the
diagnosis of dermatomyositis (DM). Several lines of treatment failed to control the disease including steroids, mycophenolate mofetil,
tacrolimus, intravenous immunoglobulins and rituximab. Despite therapy, the patient also had recurrent intestinal vasculitis causing
bowel perforation. Concurrently, DPP-4/CD26 expression in the patient’s skin and skeletal muscle was observed.

Interventions: The patient was treated with begelomab, a murine immunoglobulin G2b monoclonal antibody against DPP-4/
CD26.

Outcomes:Dysphagia, skin lesions and intestinal vasculitis resolved and the patient experienced a significant improvement of his
quality of life.

Conclusion:Blockade of DPP-4/CD26, which is expressed on T cells andmediates T cell activation and function, is safe andmight
be effective in patients with refractory DM.

Abbreviations: CD26= cluster of differentiation 26, DM= dermatomyositis, DPP4= dipeptidyl peptidase-4, GvHD= graft versus
host disease, IgG = immunoglobulin G, IIM = idiopathic inflammatory myopathies, IVIG = intravenous immunoglobulins, MMF =
mycophenolate mofetil, RTX = Rituximab.
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1. Introduction

Dermatomyositis (DM) is an idiopathic inflammatory myopathy
(IIM) characterized by skin lesions and skeletal muscle weakness.[1]

Abreakdownof immune-tolerance towards specific antigens, driven
by a combination of environmental factors and genetic predisposi-
tion, leads to the perpetuation of tissue inflammation and damage.
This may translate into clinically evident organ dysfunction.
Depending on the tissue tropism of the inflammatory response,
organs other than skin and muscles are affected. Vasculitis of the
gastrointestinal tract hasbeendescribed in juvenileDMpatients,[2–4]

while in adults is anecdotal.[5,6] Management of severe multi-organ
forms of disease is arduous, and complete disease remission with
currently available treatments is often unattainable.
T lymphocytes are key players in DM pathogenesis,[7,8] and

vascular damage and insufficiency downstream their activation
cause architectural and functional alterations in DM muscle
tissue.[9] The signals involved in disrupting hometostasis of T cells
in tissues of patients with DM are poorly characterized.[8,10–12]

Dipeptidyl peptidase-4 (DPP-4), also known as cluster of
differentiation 26 (CD26), is a candidate for such a role. It is a
membrane glycoprotein endowed with enzymatic activity,[13,14]
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expressed by cells that play a direct or indirect role in the
pathogenesis of DM including hematopoietc cells, endothelial cells
and activated fibroblasts involved in wound healing.[15–20] It
promotes effector T cell activation by sustaining selected signal
transduction pathways[21] specifically promoting the clonal
expansion of Th17 and Th1 cells,[22] known to have a role in
IIM pathogenesis.[23–26] DPP-4/CD26high CD4+ T cells respond
maximally to recall antigens, migrate to inflammatory tissues and
efficiently activate B cells for antibody production.[16,27] In
contrast, it is not or very poorly expressed by T regulatory
cells.[28] Moreover, DPP-4/CD26 expression in different tissues
influences glucose control and systemic inflammation.[20] Since
DPP-4/CD26 is highly expressed on T cells that infiltrate the gut
and skin, and its integrity is required for migration through the
endothelial barrier, CD26 has represented a target for the
treatment of graft versus host disease (GvHD) with monoclonal
antibodies.[29] Here we verified that DPP-4/CD26 was indeed
expressed in the skin and skeletal muscle of a patient with a severe
life-threating DM characterized by multiple organ involvement
and refractory to multiple conventional immunosuppressive
therapies. The patient has benefitted from treatment with
Begelomab, a murine immunoglobulin G (IgG) 2b monoclonal
antibody against DPP-4/CD26.
2. Case presentation

We describe the case of a 55-year old man with a history of acute
myocardial infarction causing secondary dilative cardiomyopa-
thy, under statin treatment since the age of 41, with no family
history for autoimmune diseases. He developed persisting low-
grade fever, proximal symmetrical muscle weakness and a diffuse
erythematous rash of chest, neck and upper back, as wells as
violaceous papules at metacarpophalangeal and interphalangeal
joints and other bony prominences. Few weeks later, swallowing
difficulty, dysphonia and dyspnea due to oral cavity edema
appeared, cutaneous lesions developed into ulcers, while muscle
weakness became severe and disabling. Blood tests revealed
Figure 1. Disease and treatments over time. Infectious events and temporary treatm
of 4mg/m2 daily for 5 consecutive days.
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symptoms and ileal perforation, and the other soon after ileal resection. The secon
daily) every other day. DM = dermatomyositis, CRP = C reactive protein, GC = g
mofetil, GI = gastrointestinal tract, TAC = tacrolimus.
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increased creatine kinase levels (1085U/L) and slightly elevated
C-reactive protein concentration (7.7mg/dl). Myositis-specific
and -associated autoantibodies were negative. Muscle biopsy
revealed myofiber necrosis, degeneration and regeneration of
myofibers with variation in myofiber size, and perifascicular
atrophy. Histopathological findings of skin biopsy comprised
interface dermatitis with focal, granular deposits of IgG and
complement component 3 at the dermo-epidermal junction. In
light of the clinical presentation and the above mentioned
diagnostic outcomes, the patient was diagnosed with DM. An
oncological screening excluded the presence of malignancy.
Statins were immediately discontinued. The patient started
methylprednisolone 0.7mg/Kg daily to be slowly tapered, and
received intravenous immunoglobulins (IVIG, 2g/Kg over 5
consecutive days) with clinical benefit. One month later,
however, he experienced the abrupt onset of high-grade fever
and incoercible abdominal pain. A computed tomography scan
with oral contrast revealed jejunal perforation and an emergency
laparotomy followed by segmental jejunal resection with latero-
lateral anastomosis was performed. Multiple macroscopic
ischemic lesions and ulcers were found intraoperatively within
the intestinal mucosa, and the histopathological analysis
indicated intestinal vasculitis. One week later the patient
underwent a revision surgery because of anastomosis dehiscence
and subsequent enteric fistula. After clinical stabilization, the
patient was treated with pulses of glucocorticoids (over 3
consecutive days) and a cycle of IVIG 400mg/kg. The therapy
was continued with prednisone 10mg and mycophenolate
mofetil (MMF) 1 gr daily, which was increased progressively
up to 3 gr daily over 3 weeks. Three months after MMF
introduction, the clinical response was not satisfactory. Due to
significant dysphagia, a percutaneous endoscopic gastrostomy
had to be placed andmuscle weakness was so debilitating that the
patient needed a wheelchair. After 2 more months, while under
MMF therapy, the patient experienced a further worsening of
cutaneous lesions and the sudden onset of bloody diarrhea,
requiring repeated blood transfusions. In-hospital diagnostics
ent suspensions due to surgery or infections are not depicted.
∗
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excluded an infectious etiology of intestinal symptoms and
Rituximab (RTX) was administered. Unfortunately, enterococcal
sepsis developed. Immunosuppressive treatment was thus
interrupted and antibiotics initiated. At the end of antimicrobial
therapy, due to the poor clinical response to RTX, MMF was
reintroduced together with low-dose prednisone. Despite some
improvement in intestinal symptoms, control of skin manifes-
tations was not achieved and MMF was substituted with
Tacrolimus (Fig. 1). In the following 2 months, the patient also
received IVIG and RTX while continuing glucocorticoids, with
no clinical benefit. Ulcerated skin lesions expanded in size and
number, especially on the face, genitals and arms, and significant
sarcopenia became evident. Tacrolimus was suspended and
MMF reintroduced again. Two other cycles of IVIG were
administered in the following 2 months. One month after the last
IVIG administration, high-grade fever, extensive gastrointestinal
bleeding and skin and mucosal ulcerations reappeared. In
consideration of the inadequate response to multiple immuno-
suppressive regimens, we reasoned that an alternative strategy
should be found. Given the clinical features of the patient,
resembling cutaneous and intestinal involvement of GvHD, the
skin andmuscle biopsies were analyzed by immunocytochemistry
and immunofluorescence for DPP-4/CD26 expression. The
antigen was expressed in both tissues (Figs. 2 and 3).
Figure 2. CD26 expression in the skin. Skin was analyzed through
immunohistochemistry for DPP-4/CD26 expression (brown). Infiltrating
leucocytes and cells of the basal epidermal layer express the antigen (arrows).
After extensive discussion of the pros and cons with the patient,
EthicalCommittee approval andpatient’swritten informed consent,
MMF was discontinued and the anti-DPP-4 monoclonal antibody
Begelomabwas intravenouslyadministeredat thedosageof4mg/m2

daily for 5 consecutive days. At the end of the 5-day cycle of
Begelomab, erythematous rash and skin ulcers almost completely
healed (Fig. 4), the bloody diarrhea ceased, and C-reactive protein
levels normalized. After 2 months, the patient experienced a further
flare with the reappearance of high-grade fever, bloody diarrhea,
and skin ulcers. A new 5-day cycle of Begelomab at the dosage of 4
mg/m2 daily was eventually administered (3months and a half from
the previous one). One week later, ileal perforation was recognized
and the patient underwent emergency laparotomy with ileal
resection.Thepostoperative coursewascomplicatedbyanastomosis
dehiscence and Candida peritonitis. A revision surgery was
performed and, after resolution of the septic event, due to the
persistence of significant diarrhea, the patient was treatedwith IVIG
and a new 5-day cycle of Begelomab 4mg/m2 daily followed by
maintenance therapywithBegelomabat thedosageof4mg/m2every
other day for additional eleven infusions (Fig. 1). The treatment
accomplished a considerable clinical response few days after
Begelomab initiation.Gastrointestinal symptomsresolvedcomplete-
ly and skin ulcers healed. Although severe muscle weakness
persisted, improvement in dysphagia allowed the patient to
gradually start semi-solid oral feeding. In the follow-up period,
no DM exacerbation occurred and the patient’s quality of life
improved dramatically (Fig. 1).
Unfortunately, 2 months later, liver transaminase levels were

found to be elevated at routine blood tests and an acute hepatitis
C viral infection was diagnosed. Anti-viral therapy was soon
initiated but the patient’s general conditions progressively
worsened until he died of respiratory failure following an
episode of aspiration pneumonia.
3. Discussion

DM is a chronic relapsing-remitting disorder with great
variability in disease phenotype. Clinical presentations range
3

from amyopathic forms with exclusive cutaneous involvement to
severe multi-organ dysfunction causing life-threatening compli-
cations.[30] Gastrointestinal vasculitis is a fearsome manifestation
and should be always suspected in case of DM patients
complaining of persistent diarrhea or abdominal pain.[31] Prompt
recognition is crucial and treatment with immunosuppressive
agents should be initiated as soon as infectious etiologies have
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Figure 3. CD26 expression in the skeletal muscle. Muscles from the patient (A) and a healthy control (B) were analyzed through Hematoxylin and eosin (H&E, left)
and immunofluorescence (green color, right) for DPP-4/CD26 expression. DAPI (blue) was used to counterstain nuclei and laminin expression (red) to identify fiber
boundaries. DPP-4/CD26 is preferentially expressed in the interstitial and perivascular spaces.
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been excluded, in order to avoid intestinal perforation.
Cutaneous manifestations may also be disabling when ulcers
and intense itching predominate. Despite physiotherapy, the
immune-mediated damage of skeletal muscle often results in
muscle atrophy and sarcopenia, with the co-existence of
dysphagia when pharyngeal muscles are affected. Besides
dramatically impacting on quality of life, DM clinical manifes-
tations may represent a serious risk to life. An effective control of
disease activity is critical.
Refractoriness to therapy is relatively common among patients

withDM. Because of the lack of consensus guidelines for treatment
in refractory cases, strategies for non-responders are based on
largely empirical evidence, mostly from small case series and
ongoing clinical trials.[32] Adequate management of severe cases
represents a major medical challenge and may require surgical
procedures which expose immunocompromised patients to a
considerable infectious risk.[31] Also, the perioperative vacancy of
immunosuppressive therapies may result in disease exacerbations.
The skin and muscle biopsies of the presented patient were

studied for DPP-4/CD26 expression. Results guided the thera-
peutic choice to administer Begelomab to the patient through
compassionate use in agreement with the patient and his family.
Begelomab is a murine IgG2b monoclonal antibody against DPP-
4

4/CD26, which upon binding to the molecule on activated T cells
induces internalization of the DPP-4/CD26-Begelomab complex
and inhibition of DPP-4/CD26-mediated immune mechanisms,
ultimately leading to impaired expansion of auto-reactive T cells,
key players in tissue damage occurring in DM.[13–16,21] Published
data on the clinical use of Begelomab are limited to patients with
acute GvHD and demonstrated encouraging efficacy with an
acceptable safety profile.[29] In our patient, the clinical response
was striking and above expectations. Begelomab induced clinical
remission in our DMpatient with the disappearance of cutaneous
lesions, resolution of intestinal vasculitis, and improvement of
dysphagia. Disease flares in the presented patient were sudden
and rapidly progressive. Due to the lack of previous experience of
Begelomab use in IIM, the interval between drug administrations
was arbitrarily established based on the clinical picture. The ileal
perforation observed soon after the second cycle of Begelomab
presumably reflects a delay in drug administration when high
disease activity had already caused irreversible intestinal damage.
The subsequent cycle, performed after ileal resection, effectively
reversed the DM flare with the resolution of both skin and
gastrointestinal manifestations, suggesting that the immune
response is efficiently switched off by Begelomab, whatever its
degree of activation.



Figure 4. Cutaneousmanifestations. Pictures of skin lesions before the first cycle of Begelomab (A) and skin soon after the end of the 5-day cycle of Begelomab (B).
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4. Conclusion

The patient had a very severe and refractory form of DM with
relapsing intestinal vasculitis which underwent complete remis-
sion upon Begelomab therapy. This is the first described case of a
patient with IIM treated with the anti-DPP-4 monoclonal
antibody. This therapy was effective, suggesting that Begelomab
might represent a novel promising agent for the treatment of
refractory DM.
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