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tein-specific autoantibody or autoantibod-
ies, or other mechanisms of inflammation, 
although it is possible that the two types 
of acquired angioedema overlap [3]. In 
patients with type II acquired angioedema 
related to autoimmune disease, a wide 
variety of therapies have been attempt- 
ed including therapy with androgens 
which are also useful in hereditary angio- 
edema; unsuccessful depletion of auto-
reactive antibodies through plasmapher-
esis; replacement of C1-INH protein; 
eternacept-blocking inflammatory tumor 
necrosis factor; as well as agents that inter- 
fere with generation of bradykinin by 
kallekrein or blockade of the bradykinin 
receptor. Remarkably, patients with type 
II angioedema also seem to respond to 
depletion of B lymphocytes with chimeric 
antibodies such as rituximab, a medication 
that might be expected to be effective only 
in type I angioedema due to lymphoprolif-
erative disorders [4].

We report a case of acquired angio-
edema type II associated with autoimmune 
disease that responded to rituximab B lym-
phocyte depletion with sustained remission 
of angioedema. Furthermore, our report 
shows that a high affinity immunoglobu-
lin G antibody or antibodies were present 
prior to therapy, and response to treatment 
occurred in association with reduced titers 
of bound and free C1-INH protein auto-
reactive immunoglobulin. Our results sup-
port the hypothesis that type II acquired 
angioedema results from a specific C1-INH 
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n umerous therapies for treating heredi-
tary and acquired angioedema have 

become available in the past decade [1,2]. 
In the acquired form of angioedema, there 
is normal to increased synthesis of normal 
C1 inhibitor protein and either an exces-
sive consumption of C1-INH1 or a for-
mation of circulating anti-C1-INH anti-
bodies that cleaves, blocks, or otherwise 
transforms C1-INH into a non-functional 
form. The acquired form of C1-INH has 
been divided into type I and type II, a 
distinction that may influence treatment. 
Type I acquired angioedema is associ-
ated with lymphoproliferative disorders 
and production of a clonal autoreactive 
C1-INH protein antibody. Chemotherapy 
of the underlying malignant or premalig-
nant condition is the treatment for type I 
acquired angioedema. 

Type II angioedema has been associated 
with autoimmune syndromes and may 
involve either production of a C1-INH pro-

C1-INH = normal C1 inhibitor protein

protein autoreactive antibody or antibodies 
produced by B lymphocytes consistent with 
an autoimmune syndrome.

Patient desCriPtion

A 41 year old woman with a past medical 
history of myasthenia gravis and antiphos-
pholipid syndrome presented with severe 
diffuse abdominal pain. Antinuclear 
antibody was negative. She was diagnosed 
with acquired angioedema based on low 
C1q, C2, C3, C4 and the presence of anti-
C1-INH protein autoantibody (immuno-
globulin G binding C1-INH protein was 
determined at National Jewish Medical 
Center, Denver, CO, USA). She continued 
to have recurrent episodes of angioedema 
involving the colon and the larynx, neces-
sitating intubations. She was treated with 
medications including loratidine, cetirizine 
and ranitidine for prevention, and meth-
ylprednisilone and androgens without 
improvement. She also did not appear to 
benefit from ecallantide, a novel kalle-
krein inhibitory peptide that is effective 
in hereditary or acquired angioedema in 
acute settings.  

After reviewing the risks and benefits 
and signing consent for “off label use,” she 
was treated with four standard infusions 
of rituximab at a dose of 375 mg/m2 in the 
spring of 2011. Following rituximab she 
experienced complete resolution of angio-
edema episodes for more than 2 years. 
Remarkably, after the rituximab therapy, 

C1 inhibitor (INH) protein, 
angioedema, rheumatoid arthritis, 
systemic lupus erythematosus, 
autoimmune disease
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C1-INH protein-specific autoantibody 
was no longer detected at elevated levels. 
On 18 February 2011, prior to rituximab 
therapy, free C1-INH protein antibody 
binding level was 59.2% STD (normal 
0.89–36.1) and C1-INH bound autoanti-
body was 28.3% STD (normal 0.3–46.3), 
while on 3 April 2012, approximately one 
year after rituximab therapy, free C1-INH 
protein antibody binding level was within 
normal limits at 12.2% STD and bound 
antibody was not detected.

In conclusion, there are increasing 
reports of the successful use of B lympho-
cyte depletion in acquired C1-inhibitor 
deficiency [4]. Rituximab has been used 
successfully in autoimmune diseases such 
as rheumatoid arthritis, idiopathic throm-
bocytopenic purpura, idiopathic urticaria, 
autoimmune hemolytic anemia, systemic 
lupus erythematosus, multiple sclerosis, 
and acquired hemophilia. In all these disor-
ders the mechanism of successful rituximab 
therapy could be through elimination of a 
clonal autoreactive antibody producing B 
lymphocyte. However, a pathogenic role of 
a specific autoantibody or autoantibodies 
has not been established in many autoim-
mune conditions, including acquired angio-
edema associated with autoimmune disease 
(type II acquired angioedema). 

Our case clearly shows that B lympho-
cyte depletion by rituximab is an effective 
and possibly curative treatment for type II 

acquired C1-inhibitor deficiency occurring 
in the presence of autoimmune disease 
and also demonstrate, for the first time to 
our knowledge, that clinical remission of 
symptoms in type II acquired angioedema 
occurs simultaneously with reduction of 
a C1-INH protein-specific autoantibody. 
While this observation does not prove a 
causal role for anti-C1-INH protein auto-
antibody in type II acquired angioedema, 
based on related observations from type I 
acquired angioedema it seems likely that 
a high affinity or monoclonal antibody 
could play a significant role in both forms 
of the disorder. Rituximab therapy seems 
to be long-lasting and effective in patients 
resistant to multiple other therapies. Thus, 
we suggest that B lymphocyte depletion is 
the preferred and definitive treatment for 
this condition until a more specific therapy 
for elimination of autoantibodies against 
C1-INH protein is available.

Rituximab therapy also does not pre-
clude the use of other therapies for angio-
edema, such as replacement of C1-INH 
protein and blockage of kallekrein synthe-
sis of bradykinin or bradykinin receptors 
which may help to stabilize patients prior 
to rituximab. However, these therapies 
were not effective in our patient, presum-
ably because of the high level of activity of 
her disease and autoreactive antibody or 
antibodies. Additional concerns regarding 
treatment of acquired angioedema with 

rituximab include possible relapse of the 
disease due to recovery of the autoreactive 
lymphocyte clone and secondary immu-
nodeficiency due to non-specific effects of 
the rituximab on memory B lymphocytes. 
Therefore, we propose that monitoring the 
levels of autoreactive antibodies against 
C1-INH protein as well as total serum IgG 
should be standard both prior to and after 
rituximab therapy of acquired angioedema 
in order to establish the diagnosis conclu-
sively and to guide subsequent dosing 
intervals while limiting non-specific toxic 
effects of the therapy.
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Trisomy 21 is the most frequent genetic cause of cognitive 
impairment. To assess the perturbations of gene expression in 
trisomy 21, and to eliminate the noise of genomic variability, 
Letourneau et al. studied the transcriptome of fetal fibroblasts from 
a pair of monozygotic twins discordant for trisomy 21. The authors 
show that the differential expression between the twins is organized 
in domains along all chromosomes that are either upregulated or 
downregulated. These gene expression dysregulation domains 
(GEDDs) can be defined by the expression level of their gene 
content and are well conserved in induced pluripotent stem 
cells derived from the twins’ fibroblasts. Comparison of the 
transcriptome of the Ts65Dn mouse model of Down’s syndrome 

and normal littermate mouse fibroblasts also showed GEDDs 
along the mouse chromosomes that were syntenic in humans. The 
GEDDs correlate with the lamina-associated (LADs) and replication 
domains of mammalian cells. The overall position of LADs was 
not altered in trisomic cells; however, the H3K4me3 profile of the 
trisomic fibroblasts was modified and accurately followed the GEDD 
pattern. These results indicate that the nuclear compartments of 
trisomic cells undergo modifications of the chromatin environment 
influencing the overall transcriptome, and that GEDDs may 
therefore contribute to some trisomy 21 phenotypes. 
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