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Abstract

Background: Degos disease is a frequently fatal and incurable occlusive vasculopathy most commonly affecting
the skin, gastrointestinal tract and brain. Vascular C5b-9 deposition and a type I interferon (IFN) rich microenviron-
ment are held to be pathogenetically important in the evolution of the vascular changes. We recently discovered
the use of eculizumab as a salvage drug in the treatment of near fatal Malignant atrophic papulosis (MAP). The ef-
fects of eculizumab on the pathology of MAP are explored.

Methods: Archival skin and gastrointestinal biopsy material was procured over a 2.5-year period before and after
eculizumab therapy in our index case. Routine light microscopy and immunohistochemical assessment for C3d,
C4d, C5b-9, MxA and caspase 3 were examined. Direct immunofluorescent studies were also conducted on select
biopsy material.

Results: The patient had received eculizumab as a emergent life saving measure and following rapid improvement he
continued with biweekly infusions for 4 years. Although improved he continues to have signs and symptoms of
persistent abdominal disease. Pre-Eculizumab biopsies showed an active thrombotic microangiopathy associated with
a high type I interferon signature and extensive vascular deposits of C5b-9 in skin and gastrointestinal biopsies.
Endothelial cell apoptosis as revealed by Caspase 3 expression was noted. Inflammation comprising lymphocytes and
macrophages along with mesenchymal mucin was observed as well. Post-eculizumab biopsies did not show active
luminal thrombosis but only chronic sequelae of prior episodes of vascular injury. There was no discernible caspase 3
expression. After 12 months of therapy, C5b-9 was no longer detectable in tissue. The high type I IFN signature and
inflammation along with mucin deposition was not altered by the drug. In addition, there was little effect of the drug
on the occlusive fibrointimal arteriopathy which appears to be one characterized by extensive myofibroblastic
expansion of the intima potentially as revealed by staining for smooth muscle actin without immunoreactivity for
desmin and myogenin.

Conclusions: Complement activation and enhanced endothelial cell apoptosis play an important role in the
thrombotic complications of MAP. However, the larger vessel proliferative intimal changes appear to be independent
of complement activation and may be on the basis of other upstream mechanisms. Monitoring C5b-9 deposition in
tissue is likely not of great value in assessing treatment response to eculizumab given the persistence of C5b-9 in tissue
for several months despite clinically effective C5 blocking therapy. A more integrated approach addressing upstream
and downstream pathways in addition to those attributable to complement activation are critical for the
successful treatment of MAP. Eculizumab may be used as salvage therapy in critically ill patients with
thrombotic microangiopathy.
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Background
Malignant atrophic papulosis (MAP) falls under the alter-
native appellation of Degos disease and Kohlmeier-Degos
disease [1-3]. It is a severe and frequently progressive
angiopathy syndrome targeting certain organs, most com-
monly the skin, gastrointestinal tract, and central nervous
system, although other organ sites including the lung and
heart can be involved [4-6]. This syndromic complex has
very distinctive cutaneous lesions characterized by depres-
sed porcelain plaques with an atrophic center. Similar
lesions can affect the gastrointestinal tract as well.
There are two fundamental components to the vascular

disease in MAP, namely a thrombotic microangiopathy
targeting capillaries and venules, and a strangulating fi-
brointimal arteriopathy involving small and medium-sized
arteries [7]. The thrombotic microangiopathy affecting
capillaries and venules is most commonly manifested in
the skin and is the pathogenetic basis of the characteristic
cutaneous porcelain plaques. Nevertheless, a thrombotic
microangiopathy can affect any organ system and produce
acute ischemic symptoms analogous to other catastrophic
thrombotic microangiopathy syndromes such as anti-
phospholipid antibody syndrome, thrombotic thrombocy-
topenic purpura and hemolytic uremic syndrome [8,9]. In
contradistinction, a significant component of the gastro-
intestinal pathology is attributable to the larger vessel
fibrointimal arteriopathy of the submucosal vessels and
serosa. Similar arteriopathic changes affect other or-
gans, most notably the subdural arteries and coronary
vasculature.
We have shown in previous studies that there is a role

for both type I interferons as well as C5b-9 in the evolu-
tion of the microangiopathy and larger vessel arteriopathic
changes that define MAP [7]. Human Myxovirus resis-
tance protein 1 (MxA), a widely recognized and accepted
marker of type I interferon bioactivity, is highly expressed
in MAP, and its expression parallels the pattern of C5b-9
deposition [7]. Due to the extent of membranolytic attack
complex deposition within the cutaneous vasculature, we
previously hypothesized that blocking C5 through the ad-
ministration of eculizumab could potentially halt disease
progression and possibly even offer a cure to this once
fatal disease. We discovered that the drug has a beneficial
effect in catastrophic presentations of MAP. However, pa-
tients continued to experience symptoms related to the
disease, especially in regards to gastrointestinal compli-
cations, indicative that the blocking of C5b-9, while sig-
nificantly beneficial and potentially life saving, does not
appear to be curative of MAP.
The purpose of this study is to better understand the

role of complement and, more specifically, C5b-9 (i.e.
the membranolytic attack complex) in the pathogenesis
of MAP. It is important to delineate more precisely the
sequelae of C5 blockage on the pathology of Degos
disease to appreciate both the beneficial effects and in-
herent limitations of the drug. We had the opportunity
to study multiple skin and gastrointestinal tissue samples
prior to the administration of eculizumab and for up to
two and a half years after the commencement of drug in
one patient.

Methods
Biopsy material was available from a patient with MAP
who has been receiving biweekly infusions of eculizumab
since October 2009. The tissues studied included skin,
small and large intestines, and pericardium. Specimens
available for assessment included those before and after
eculizumab therapy spanning a time period of July 2009 to
December 2011. In several cases, additional tissue was
available for immunofluorescent studies. The tissue was
analyzed with routine light microscopy and immunohisto-
chemical stains were performed to assess for deposition of
C5b-9, C3d, and C4d in tissue. In addition, the expression
of MxA was explored given the role of type I interferons
in the pathogenesis of the microangiopathy. To better
characterize the nature of the proliferative intimal re-
sponse, smooth muscle actin, desmin, myogenin, CD34,
and CD14 iimunohistochemical stains were conducted on
gastrointestinal resection specimens.
Immunohistochemical staining was performed on 4-μm-

thick, formalin-fixed, paraffin-embedded tissue sections by
using the Bond 3 Autostainer (Leica Microsystems, Buffalo
Grove, IL) and the Bond Polymer Refine detection system
(Leica Microsystems). Cleaved Caspase-3 (#9661, Cell
Signaling Technology, Boston, MA) was used at a dilution
of 1:50. C5b-9 (clone aE11, Dako, Carpinteria, CA) was
used at a dilution of 1:250. Antigen retrieval was performed
for Caspase-3 with Bond Epitope Retrieval Solution no. 1
(Leica Microsystems). Antigen retrieval for C5b-9 was
performed using Enzyme 1 from the Bond Enzyme Pre-
treatment Kit (Leica Microsystems). Immunostaining was
performed according to a modified manufacturer’s pro-
tocol and sections were counterstained with hematoxylin,
dehydrated, and embedded in Cytoseal XYL (Thermo
Scientific, Kalamazoo, MI).
Immunofluorescent studies were conducted on fresh fro-

zen tissue of the skin and gastrointestinal tract on selected
cases according to previously published protocols [6].

Results
Brief clinical synopsis
46-year-old male who initially presented with intermittent
abdominal cramping and non-bloody diarrhea in 2006. In
2007, he started to develop macule- and plaque-like le-
sions over his upper extremities and trunk. Despite a
negative lupus workup, he was given hydroxychloroquine
with transient mild subjective improvement in his abdom-
inal symptoms but no change in his skin lesions.



Magro et al. Orphanet Journal of Rare Diseases 2013, 8:185 Page 3 of 9
http://www.ojrd.com/content/8/1/185
In July 2009, he developed worsening bilious emesis
with fever and abdominal pain of several days’ duration
and presented to our hospital. On a chest X-ray, he was
found to have sub-diaphragmatic free air as well as pleural
effusions. He was emergently sent to the operating room
(OR) for exploration. During surgery, he was found to
have scattered depressed whitish plaques on his colon and
small intestines, mirroring the gross morphology of the
skin lesions. A perforation was found in the terminal
ileum, which was resected. During this hospital stay, his
physical examination also revealed numerous hyperpig-
mented macules with central atrophy on the trunk and
extremities. A few erythematous papules with scaling in
the center on the neck and shoulders were also noted.
Skin biopsies of these lesions showed findings consistent
with Degos disease. The pathological features of the
resected small intestine and skin biopsies were discussed
below as pre-eculizumab changes. Post-surgery, the pa-
tient received intravenous immunoglobulin (IVIg) and
was discharged home on prohylactic-dose of low molecu-
lar weight heparin.
After discharge, he still experienced recurrent inter-

mittent episodes of abdominal pain. In September 2009,
he suffered another episode of severe abdominal pain He
was diagnosed of a partial small bowel obstruction. He
went to the OR and had lysis of adhesions. During sur-
gery, that his small intestine plaques related to MAP
seen at the first surgery appeared unchanged in number
and distribution.
In October 2009, he was admitted to the medical in-

tensive care unit (MICU) with left pleural and pericar-
dial effusions complicated by cardiac tamponade. A
thoracotomy performed with pericardial window chest
tube placement. A concomitant pericardium biopsy
showed changes consistent with MAP, the details of
which are discussed below as pre-Eculizumab pericar-
dium changes. His hospital stay was further complicated
by bilateral subsegmental pulmonary emboli and biven-
tricular failure with a left ventricular ejection fraction
(LVEF) of 17%. This rapid decline in his status
prompted the decision to initiate eculizumab treatment,
with simultaneous support care including Dobutamin,
Caspofungin for candida infection and Valganciclovir
for his cytomegaloviremia. He experienced significant
clinical improvement within 2–3 days of initiation of
treatment, and his LVEF increased to 57%. After receiv-
ing the initial 3 cycles of Eculizumab, the patient was
discharged home.
He continued eculizumab treatment as an outpatient

without complications. His symptoms remained stable
and he reported fewer new skin lesions in February 2010,
the patient was hospitalized again for small bowel obstruc-
tion and lysis of adhesions. The ostomy was resected and
the pathological findings are discussed below as post-
eculizumab changes. Post surgery, he was found to have
peritonitis with proteinaceous ascites, and small bowel
wall thickening on imaging. A repeat skin biopsy was per-
formed in March 2010, which showed no significant active
endothelial cell necrosis. The findings of this and add-
itional follow-up skin biopsies are detailed below as post-
eculizumab changes. The patient’s symptoms again re-
solved with treatment and he was managed as an out-
patient with biweekly infusions of Eculizumab.
In July 2011, he developed walled-off sigmoid colon per-

foration unresponsive to medical therapy, for which he
underwent exploratory laparotomy with sigmoid colon
resection, mobilization of splenic flexure and diverting ile-
ostomy. Examination of the colon showed evidence of re-
mote perforation, and fibro-obliterative vascular changes
although without thrombosis and active vasculitis. The re-
sults are discussed in details below as the gastrointestinal
findings post-Eculizumab, along with results of the con-
comitant skin biopsies.
By the end of 2011, the patient had received 61 cycles of

eculizumab without complications, and had been largely
clinically stable. He continued to experience abdominal
pain; however, the pain is not severe and unaccompanied
by nausea or vomiting. His skin exam shows a few healed
scars along with scattered erythematous papules. However
the active inflammatory lesions have not undergo evolu-
tion into an atrophic porcelain white macule. In the last
year however he has had a progressively wasting course
due to persistent and progressive gastrointestinal disease.

Histologic results
We will review the biopsies sequentially and consider
two time points: before and after Eculizumab therapy.

Skin
Prior to eculizumab administration: An erythematous
lesion biopsied in July 2009 showed a thrombotic micro-
angiopathy with foci of vascular drop out (Figure 1A, 1B).
A scarred lesion was biopsied a few days later showed
fibrosis, epidermal thinning and vascular drop out. In both
biopsies prominent vascular deposition of C5b-9 (Figure 1C)
was noted along with extensive immunoreactant depo-
sition for MXA, the latter showing localization in the epi-
dermis, endothelium and inflammatory cells (Figure 1D).
There was focal nuclear staining of caspase 3 in the
endothelium.
Post Eculizumab administration. Subsequent to recei-

ving eculizumab, the patient underwent 6 sequential skin
biopsies 2 weeks to 25 months after commencing the drug.
In none of the post-eculizumab biopsies was there vascular
thrombosis (Figure 2A) but only changes reflective of ante-
cedent microvascular injury including subepidemal fibro-
sis, vascular drop out, vascular basement membrane zone
duplication and vascular ectasia (Figure 2A). A variable



Figure 1 A, B, C, and D: Skin histology pre-Eculizumab microvascular changes along with the pattern and extent of C5b-9 deposition
and MXA expression in tissue. An erythematous lesion biopsied in July 2009 shows a thrombotic microangiopathy along with dermal chronic
microvascular changes characterized by thickened basement membrane zones along with superficial vascular ectasia and foci of vascular drop
out. The chronic microvascular changes are present in both the A (200x) and B (1000x) biopsies while intraluminal fibrin deposition is noted in B.
(hematoxylin and eosin) In Figure 1A, there is a sparse perivascular lymphocytic infiltrate. The vessels appear hyalinized attributable to vascular
basement membrane zone reduplication. In Figure 1B, the vessel is largely devoid of endothelium and contains a loosely adherent thrombus. The
vessel is also noticeably thickened. Figure 1C exhibits the pattern of C5b-9 deposition pre-eculizumab. There is prominent deposition of C5b-9 by
immunofluroescence in the vessels in the pre-eculizumab biopsy (400x). Figure 1D demonstrates MxA in skin biopsy pre-Eculizumab. There is
extensive staining for MxA in the epidermis, endothelium and inflammatory cells in the pre-eculizumab biopsy indicative of a type I IFN rich
microenvironment (diaminobenzidene, 1000x).
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perivascular mononuclear inflammatory cell infiltrate
along with mucin deposition was present in post treat-
mentbiopsies (Figure 2B). High levels of MxA expression
similar to pretreatment biopsies was noted (Figure 2C).
C5b-9 both immunohistochemically and by immunofluo-
rescence was present for 8 months after commencing the
drug. Nine months after the commencement of the drug,
C5b-9 was no longer apparent (Figure 2D). The caspase 3
stains in all biopsies examined were essentially negative.

Gastrointestinal specimens
There were a total of 3 intestinal resection specimens
available for assessment. One was obtained prior to the
commencement of the drug (July 2009) and two were
procured 4 months (February 2010) and 21 months after
starting the drug (July 2011). There were aspects of the
pathology that was remarkably similar between the pre-
eculizumab specimen and the one obtained 21 months
after starting therapy. In both there was a striking or-
ganizing acute and chronic serositis compatible with a
recent perforation. An arteriopathy affected small and
medium-sized vessels of the submucosa and mesentery
(Figure 3A and 3B respectively). In particular the vessels
showed a mucinous fibrointimal expansion and occlusion
by fibrous collagenous thrombi. The intima was focally in-
filtrated by macrophages There was extensive mesenchy-
mal mucin deposition within the submucosa accompanied
by a lymphocytic infiltrate Focal staining of endothelial
cells and interstitial cells (i.e. fibroblasts and inflammatory
cells) for caspase 3 in the pre-eculizumab resection spe-
cimens was observed although the caspase 3 stains fol-
lowing initiation of eculizumab were negative. There was
intense staining of endothelium, smooth muscle cells,
stromal cells and inflammatory cells for MxA in the before
and after eculizumab resection specimens. Immunohisto-
chemical assessment revealed marked deposition of C5b-9
in vessels of the submucosa in the pre-eculizumab speci-
men while the intestinal resection specimen procured 21
months after commencing therapy was devoid of endothe-
lial and intimal vascular staining (Figure 4A and 4B).
The resection specimen obtained 4 months after com-

mencing the drug showed an obliterative fibrointimal
arteriopathy without active vascular thrombosis C5b-9
were still detectable in tissue both by immunofluorescent



Figure 2 Skin microvascular changes and immunohistochemical assessment for C5b-9 and MXA staining post-eculizumab. A. Skin
histology post-eculizumab. Subsequent to receiving Eculizumab, the patient underwent 6 sequential biopsies 2 weeks to 25 months after commencing
the drug. In none of the post-eculizumab biopsies is there evidence of active endothelial cell injury and vascular thrombosis. A common finding in all
of the biopsies is one reflective of antecedent episodes of microvascular injury characterized by subepidemal fibrosis with vascular drop out, vascular
basement membrane zone duplication and vascular ectasia (diaminobenzidene, 200x). B. Inflammatory cell infiltrate in skin biopsy post-eculizumab.
A variable inflammatory cell infiltrate comprising lymphocytes and histiocytes primarily arranged around blood vessels is present in all of the biopsies.
The biopsy procured in March 2011, 16 months after the commencement of eculizumab, shows a striking lymphocytic and histiocytic infiltrate with
abundant mucin deposition. Despite the exuberant inflammation, active microvascular injury is not seen. In particular discernible vascular thrombosis is
not observed (hematoxylin and eosin, 400x). C. MxA in skin biopsy post-eculizumab. In all post-Eculizumab biopsies, there continues to be prominent
expression of MxA in the epidermis, inflammatory cells and endothelium (diaminobenzidene, 1000x). D. C5b-9 in skin biopsy post-eculizumab. Nine
months after the commencement of the drug, C5b-9 was no longer apparent (diaminobenzidene, 400x).
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as well as immunohistochemical assessment 4 months
after commencing the drug although at 5 months post
treatment an endoscopic biopsy was devoid of vascular
C5b-9 deposition.

Phenotypic assessment of the fibro-obliterative arteriopathy
Given the morphologic similarity between the arterio-
pathic changes in the pre-eculizumab specimen compared
to the post eculizumab specimens, we conducted pheno-
typic studies only on the post eculizumab gastrointestinal
resection specimen. The CD14 stain showed a striking in-
flux of CD14+ monocytes throughout the gastrointestinal
tract (Figure 5). In examining the diseased arteries, there
was a margination of monocytes to lie in apposition to the
adventitia with infiltration through the medial wall and ex-
tending into the intima; the cells exhibited a spindled
morphology (Figure 6). While the desmin extensively
highlighted the medial wall smooth muscle cells, the hy-
perplastic intima was essentially negative (Figure 7) A
similar result was seen with myogenin. Very extensive
staining was noted for smooth muscle actin. Staining was
not observed for CD34.

Other biopsies
In October 2009, the patient underwent a pleural biopsy
along with a pericardial biopsy, which was conducted
due to a large pericardial effusion. The pericardial biopsy
showed a thrombogenic vasculopathy with ischemic ne-
crosis accompanied by extensive vascular deposition of
C5b-9.

Discussion
We have presented a case of MAP in which the patient
received biweekly eculizumab infusions commencing in
October 2009. We have followed the patient’s clinical
course and as well performed sequential biopsies over a
2.5-year period, monitoring the effects of the drug on his
disease process from both a clinical and pathological per-
spective. As already alluded to, there are two aspects
to the vascular injury in MAP, one of which is likely



Figure 3 A and B: Submucosal vessels of intestinal resection
specimens pre- and post-eculizumab, respectively. There were a
total of 3 intestinal resection specimens available for assessment.
One was obtained prior to the commencement of the drug
(July 2009) and two were obtained 4 months (February 2010) and 21
months after starting the drug (July 2011). There are aspects of the
pathology that was remarkably similar between the pre-eculizumab
specimen and the one obtained 2 years after starting therapy. A striking
fibro-obliterative arteriopathy affects small and medium-sized vessels of
the submucosa as well as mesentery in both the pre- (A) and
post-treatment (B) resection specimens (3A, hematoxylin and eosin,
200x, 3B hematoxylin and eosin, 200x). In B, the intimal proliferative
changes are very striking comprising hypercellularity of the intima
along with an increase in intimal matrix represented by collagen and
hyaluronic acid.

Figure 4 A and B: C5b-9 in submucosal vessels of intestinal
resection specimens pre- and post-eculizumab, respectively.
Immunohistochemical assessment reveals marked deposition of
C5b-9 in vessels of the submucosa in the pre-eculizumab specimen
(A, diaminobenzidene, 400x) while the intestinal resection specimen
procured 21 months after commencing therapy (B, diaminobenzidene
400x) is devoid of vascular staining apart from nonspecific staining
within the elastic tissue of blood vessels.
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preferentially targeted by eculizumab. The first is charac-
terized by a thrombotic microangiopathy affecting capil-
laries and venules whereby there is discernible endothelial
cell injury with endothelial cell detachment and resultant
vascular thrombosis. This microangiopathy is particularly
apparent in active skin lesions although it also plays a role
in the pathogenesis of the ischemic complications seen in
other organ sites such as the brain, gastrointestinal tract
and pericardium [1-3]. In addition part of the larger vessel
pathology is one reflective of a similar pattern of endothe-
lial cell injury and thrombosis.
The drug has almost an immediate effect on ameliora-
ting small and larger vessel endothelial cell injury and vas-
cular thrombosis. These effects were morphologically
apparent after two doses of the drug, recognizing that the
symptoms that accompanied the catastrophic thrombotic
microangiopathy were improved significantly with the first
infusion of the drug. We postulate that the basis is likely
reflective of abrogation of endothelial cell apoptosis. While
caspase 3, an apoptosis marker, was discernible within the
endothelium of pre-eculizumab biopsies, a significant dec-
rement in caspase 3 expression was observed within a few
weeks of receiving the drug. There is literature precedent
regarding C5b-9 mediated endothelial cell apoptosis pri-
marily in the context of experimental models of glome-
rulonephritis [10]. We postulate that the deposition of
C5b-9 likely reflected complement activation triggered
directly by type I IFNs. There are a numbers of papers that



Figure 5 The CD14 stain shows a striking influx of CD14+
monocytes throughout the gastrointestinal tract with
margination of monocytes to lie in apposition to the
adventitia. Note the infiltration through the medial wall and
extension into the intima (diaminobenzidene, 200x).

Figure 7 In this section of artery, there is very extensive
staining for smooth muscle actin, an immunophenotypic
profile that is common in myofibroblastic cells of stem cell
hematopoietic and monocyte origin (diaminobenzidene, 200x).
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suggest that IFNα, the main type I IFN, may be a direct
catalyst to the activation of complement and eventually to
C5b-9 deposition [11-15]. The high type I IFN signature
was revealed by the extensive staining of MxA within
endothelium and perivascular and interstitial inflamma-
tory cells.
A point worthy of mention concerns the persistence of

C5b-9 deposition for many months after the commence-
ment of the drug, reflecting the slow clearance of C5b-9
previously deposited in affected tissues. Hence monito-
ring C5b-9 deposition in tissue is likely not of great
value in assessing treatment response. From a morpho-
logic perspective, post-eculizumab skin biopsies did not
show active endothelial cell injury and/or thrombosis
Figure 6 While the desmin extensively highlighted the medial
wall smooth muscle cells, the hyperplastic intima is essentially
negative indicative that the intimal cells are not of true medial
wall smooth muscle origin (diaminobenzidene, 200x).
although more chronic change presumably on the basis
of prior episodes of thrombotic microvascular injury
may be quite impressive. Such changes include epider-
mal thinning, subepidermal fibrosis with vascular drop
out, compensatory vascular ectasia and vascular base-
ment membrane zone thickening.
In all of the biopsies, prominent MxA staining was

noted in endothelium, perivascular and interstitial inflam-
matory cells, and vascular smooth muscle. The excessive
type I IFN signature was not affected by eculizumab ad-
ministration. Activated macrophages exhibiting erythro-
cyte phagocytosis along with mucin deposition persisted
despite complement blockade, suggesting that its basis is a
direct sequela of IFNα production. However, the down-
stream events of frank endothelial cell apoptosis and
thrombosis within the vasculature appears to be halted by
the drug.
Our patient continued to have significant gastrointes-

tinal disease including peritonitis and bowel perforations
despite receiving biweekly infusions of the drug. In gastro-
intestinal tract specimens procured 4months and 2 years
after commencing the drug, there was persistence of the
fibromyxomatous intimal arteriopathy although without
vascular thrombosis. The segments of gut were resected
due to perforation. We hypothesized that the basis of the
perforation was one reflective of chronic and profound
ischemia due to progressive occlusive nonthrombotic fi-
brointimal arterial changes. The lack of overt small and or
larger vessel arterial thrombosis likely accounts for the ef-
ficacy of the drug in subverting catastrophic and likely
fatal ischemic events. However intimal atherosclerotic like
intimal narrowing although not specifically catastrophic
can lead to chronic nonfatal ischemic changes analogous
to the nonocclusive atherosclerotic narrowing operational
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in chronic ischemic syndromes such as angina pectoris
and intermittent claudication. In this regard one might
surmise the drug may reduce mortality but the long term
morbidity of the disease remains. Currently our patient is
very unwell and is progressively wasting due to persistent
and likely progressive gastrointestinal disease.
There is now an emerging body of literature on the role

of type I IFN in the evolution of the atherosclerotic-like
larger vessel fibrointimal changes observed in patients
with systemic lupus erythematosus [8,9]. Patients with
lupus erythematosus display transitional upregulation of
the IFNα/interleukin-18 (IL-18) processing machinery
(a.k.a. the inflammasome) [16]. IL-18 has an inhibitory
effect on endothelial cell differentiation, leading to de-
creased vascular repair with enhanced large vessel vascular
injury Elevated levels of IL-18 also correlate with in-
creased intima and medial wall thickness [17,18]. It is
possible that the arteriopathy of MAP disease is pathogen-
etically very similar to the larger vessel arteriopathy of
systemic lupus erythematosus whereby pathways inde-
pendent of complement activation may be operational
[18]. A finding that is particularly intriguing in our case
was the massive infiltration of his gastrointestinal tract by
CD14+ monocytes which exhibited an unusual pattern of
arteriocentricity including their presence in the intima of
diseased vessels. Further characterization of the prolifera-
tive intima revealed marked staining for smooth muscle
actin although in the absence of staining for myogenin
and desmin. The phenotypic profile of the intima was one
compatible therefore with spindled cells showing CD14
positivity along with myofibroblastic differentiation. It is
well established that CD14+ monocytes exhibit conside-
rable plasticity and can undergo myofibroblastic differen-
tiation [19]. At least in this one case, the source of the
intimal myofibroblast, the putative cell responsible for
the hyperplastic intima, could ultimately be derived from
the surrounding CD14+ monocytes. The excessive num-
ber of CD14+ monocytes in the gastrointestinal tract may
reflect enhancement of monocyte recruitment triggered by
type I interferons. In addition under the influence of type I
interferons, CD14+ monocytes show enhanced expression
of sialic acid binding IgG lectin-1 binding (Siglec-1). In-
creased numbers of Siglec-1+ CD14+ monocytes has been
implicated in systemic sclerosis associated pulmonary
hypertension, systemic sclerosis [20,21], and coronary ar-
tery disease [22].

Conclusions
The drug eculizumab aborts the severe catastrophic
thrombotic microangiopathy events associated with Degos
disease, likely through antiapoptotic endothelial cell effects.
In this regard, the extent of thrombotic microangiopathic
and larger vessel alterations are significantly attenuated al-
though other deleterious sequelae associated with a type I
interferon rich microenvironment such as endothelial
repair dysfunction and enhancement of CD14+ mono-
cyte influx with transdifferentiation into intimal myo-
fibroblasts remain unaltered.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
CMM was involved in the design of the study, interpretation and
photographing of the biopsy material, and drafting and editing the
manuscript. All of the other authors were involved in editing the manuscript
and as well the patient was under the care of FB and MD; JL and LS
provided invaluable input regarding therapy. All authors read and approved
the final manuscript.

Acknowledgements
The authors would like to thank Natalie Drucker from Yale University for
editorial assitance.

Author details
1Department of Pathology and Laboratory Medicine, Weill Medical College of
Cornell University, Box 58, Room F-309, 1300 York Avenue, New York, New
York 10065, USA. 2Division of Hematology/Medical Oncology, Department of
Medicine, Weill Medical College of Cornell University, New York, New York
10065, USA. 3The Center for Rheumatology, LLP, 1367 Washington Ave., Suite
101, Albany, NY 12206, USA.

Received: 22 July 2013 Accepted: 9 October 2013
Published: 26 November 2013

References
1. Snow JL, Muller SA: Degos syndrome: malignant atrophic papulosis.

Semin Dermatol 1995, 14:99–105.
2. Theodoridis A, Makrantonaki E, Zouboulis CC: Malignant atrophic papulosis

(Kohlmeier-Degos disease)- A review. Orphanet J Rare Dis 2013, 8:10.
3. Doutre MS, Beylot C, Bioulac P, Busquet M, Conte M: Skin lesion

resembling malignant atrophic papulosis in lupus erythematosus.
Dermatologica 1987, 175:45–46.

4. Notash AY, Mazoochy H, Mirshams M, Nikoo A: Lethal systemic Degos
disease with prominent cardio-pulmonary involvement. Saudi Med J
2008, 29:133–137.

5. Saglik E, Baykal C, Buyukbabani N, Inanc M: Malignant atrophic papulosis:
endocardial involvement and positive anticardiolipin antibodies.
J Eur Acad Dermatol Venereol 2006, 20:602–603.

6. Mauad T, De Fatima Lopes Calvo Tiberio I, Baba E, Andrade Junior DR,
Lichtenstein A, Capelozzi VL, Sotto MN, Saldiva PH: Malignant atrophic
papulosis (Degos’ disease) with extensive cardiopulmonary involvement.
Histopathology 1996, 28:84–86.

7. Magro CM, Poe JC, Kim C, Shapiro L, Nuovo G, Crow MK, Crow YJ: Degos
disease: a C5b-9/interferon-alpha-mediated endotheliopathy syndrome.
Am J Clin Pathol 2011, 135:599–610.

8. Chapman K, Seldon M, Richards R: Thrombotic microangiopathies,
thrombotic thrombocytopenic purpura, and ADAMTS-13. Semin Thromb
Hemost 2012, 38:47–54.

9. Clark WF: Thrombotic microangiopathy: current knowledge and
outcomes with plasma exchange. Semin Dial 2012, 25:214–219.

10. Liu L, Qiu W, Wang H, Li Y, Zhou J, Xia M, Shan K, Pang R, Zhou Y, Zhao D,
Wang Y: Sublytic C5b-9 complexes induce apoptosis of glomerular
mesangial cells in rats with Thy-1 nephritis through role of interferon
regulatory factor-1-dependent caspase 8 activation. J Biol Chem 2012,
287:16410–16423.

11. Kirou KA, Lee C, George S, Louca K, Papagiannis IG, Peterson MG, Ly N,
Woodward RN, Fry KE, Lau AY, Prentice JG, Wohlgemuth JG, Crow MK:
Coordinate overexpression of interferon-alpha-induced genes in
systemic lupus erythematosus. Arthritis Rheum 2004, 50:3958–3967.

12. Kirou KA, Lee C, George S, Louca K, Peterson MG, Crow MK: Activation of
the interferon-alpha pathway identifies a subgroup of systemic lupus
erythematosus patients with distinct serologic features and active
disease. Arthritis Rheum 2005, 52:1491–1503.



Magro et al. Orphanet Journal of Rare Diseases 2013, 8:185 Page 9 of 9
http://www.ojrd.com/content/8/1/185
13. Greenberg SA, Pinkus JL, Pinkus GS, Burleson T, Sanoudou D, Tawil R,
Barohn RJ, Saperstein DS, Briemberg HR, Ericsson M, Park P, Amato AA:
Interferon-alpha/beta-mediated innate immune mechanisms in
dermatomyositis. Ann Neurol 2005, 57:664–678.

14. Myhr KM, Sadallah S, Mollnes TE, Meri S, Nyland HI, Schifferli J, Vedeler CA:
Interferon-alpha2a effects on complement activation and regulation in
MS patients. Acta Neurol Scand 2000, 101:30–35.

15. Sugano S, Suzuki T, Watanabe M, Ohe K, Ishii K, Okajima T: Retinal
complications and plasma C5a levels during interferon alpha therapy for
chronic hepatitis C. Am J Gastroenterol 1998, 93:2441–2444.

16. Kahlenberg JM, Thacker SG, Berthier CC, Cohen CD, Kretzler M, Kaplan MJ:
Inflammasome activation of IL-18 results in endothelial progenitor cell
dysfunction in systemic lupus erythematosus. J Immunol 2011,
187:6143–6156.

17. Hernesniemi JA, Heikkilä A, Raitakari OT, Kähönen M, Juonala M, Hutri-Kähönen N,
Marniemi J, Viikari J, Lehtimäki T: Interleukin-18 gene polymorphism and
markers of subclinical atherosclerosis. The Cardiovascular Risk in Young Finns
Study. Ann Med 2010, 42(3):223–230.

18. Li C, Zhang XL, Liu H, Wang ZG, Yin KS: Association among plasma
interleukin-18 levels, carotid intima- media thickness and severity of
obstructive sleep apnea. Chin Med J (Engl) 2009, 122(1):24–29.

19. Binai N, O’Reilly S, Griffiths B, van Laar JM, Hügle T: Differentiation potential
of CD14+ monocytes into myofibroblasts in patients with systemic
sclerosis. PLoS One 2012, 7(3):e33508.

20. Christmann RB, Hayes E, Pendergrass S, Padilla C, Farina G, Affandi AJ,
Whitfield ML, Farber HW, Lafyatis R: Interferon and alternative activation
of monocyte/macrophages in systemic sclerosis-associated pulmonary
arterial hypertension. Arthritis Rheum 2011, 63(6):1718–1728.

21. York MR, Nagai T, Mangini AJ, Lemaire R, van Seventer JM, Lafyatis R:
A macrophage marker, Siglec-1, is increased on circulating monocytes
in patientswith systemic sclerosis and induced by type I interferons and
toll-like receptor agonists. Arthritis Rheum 2007, 56(3):1010–1020. Erratum
in: Arthritis Rheum. 2007 56(5):1675.

22. Xiong YS, Zhou YH, Rong GH, Wu WL, Liang Y, Yang ZX, Geng HL: Zhong
RQ Siglec-1 on monocytes is a potential risk marker for monitoring
disease severity in coronary artery disease. Clin Biochem 2009,
42(10–11):1057–1063.

doi:10.1186/1750-1172-8-185
Cite this article as: Magro et al.: The effects of Eculizumab on the
pathology of malignant atrophic papulosis. Orphanet Journal of Rare
Diseases 2013 8:185.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Brief clinical synopsis
	Histologic results
	Skin
	Gastrointestinal specimens
	Phenotypic assessment of the fibro-obliterative arteriopathy
	Other biopsies


	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


