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20/30), a left afferent pupillary defect, 
bilateral optic disk edema (left>right) and 
an enlarged left blind spot. Head computed 
tomography (CT) and CT venography were 
unremarkable. Optic neuritis was highly 
suspected. Lumbar puncture showed nor-
mal opening pressure, clear cerebrospinal 
fluid (CSF), 35 white blood cells (WBC) 
with lymphocytic predominance, elevated 
protein 82 mg/dl, and normal glucose. 
CSF flow cytometry, serum rheumatologic 
screen, hepatitis serology and syphilis 
panel were negative. Inflammatory markers 
(C-reactive protein, erythrocyte sedimen-
tation rate and angiotensin-converting 
enzyme) were within normal limits. Brain 
magnetic resonance imaging (MRI) showed 
abnormal signals in the periventricular 
white matter and the base of the left frontal 
lobe on T2 FLAIR sequences [Figure 1 A 
& B]. Stereotactic right frontal lobe brain 
biopsy revealed fragments of brain tissue 
with T and B lymphocytic infiltration in the 
white matter and blood vessel walls [Figure 
1F]. There was no evidence of fibrinoid 
necrosis but hemorrhage and extravasa-
tion of erythrocytes were present. Myelin 
basic protein (MBP), neurofilament (NF) 
and glial fibrillary acidic protein (GFAP) 
staining showed no significant changes. 
Immunoperoxidase staining for P53, cyto-
megalovirus and herpes were negative. 
Periodic acid-Schiff (PAS) staining was 
negative for fungi. CD4 and CD8 were posi-
tive in T4 and T8 lymphocytes, and CD138 
was positive in a few isolated plasma cells. 

A diagnosis of isolated lymphocytic 
vasculitis of the CNS was made. The treat-
ment regimen included pulse intravenous 
methylprednisolone (1000 mg/day for 

l ymphocytic vasculitis of the central 
nervous system (CNS) is an uncom-

mon subtype of primary angiitis of the CNS 
(PACNS), which is a male-predominant 
inflammatory disorder that affects brain 
parenchymal and leptomeningeal vascu-
lature. Small vessels are mostly involved 
and may cause ischemia and infarction to 
surrounding brain tissues. Glucocorticoids 
and cyclophosphamide are the current first-
line therapy for this condition, although a 
selected group of patients respond poorly to 
this regimen. We describe here an unusual 
presentation of this rare disease and dis-
cuss an alternative pharmacotherapy for 
treatment-resistant cases.

pAtIent DeSCRIptIOn

A 64 year old man, a music teacher, pre-
sented to our department with a 5 day his-
tory of left monocular visual blurring and 
painful eye movements. He had lost 10 kg 
over the previous 6 months and began to 
suffer from nausea and diarrhea 2 months 
before arrival at the emergency department, 
where a routine gastrointestinal workup was 
unrevealing. Vital signs, general physical 
examination and routine blood work were 
unremarkable. 

Neurological examination showed 
decreased visual acuity (right 20/25, left 

5 days) followed by oral prednisone (1 
mg/kg weight) and monthly intravenous 
cyclophosphamide (at a dose adjusted to 
his body surface area and kidney function, 
e.g., 900 mg/month) for 6 consecutive 
months. At neuro-ophthalmic follow-up 
there was resolution of papilledema with 
a trace of relative afferent pupillary defect 
on the left. Follow-up MRI after the sixth 
dose of cyclophosphamide revealed two 
new enhancing left frontal lobe lesions 
[Figure 1 C, white arrows] and a new 
right periventricular lesion. In lieu of the 
apparent sub-therapeutic response to 
first-line therapy, a trial of rituximab (1 g 
bimonthly) in combination with predni-
sone was initiated. After 2 months there 
was symptomatic improvement and the 
patient returned to his activities of daily 
life. Furthermore, his chronic fatigue and 
nausea subsided and he resumed his pro-
fession of teaching music. The 6 month 
follow-up MRI demonstrated reduced 
periventricular and frontal lobe lesions 
[Figure 1 D & E] and no new contrast 
enhancement. Following resolution of 
symptoms, the patient received a second 
course of rituximab 9 months after the first 
administration and continues in follow-up. 

COMMent

The treatment strategy for primary CNS 
angiitis is currently a matter of debate as 
there are no randomized controlled tri-
als investigating this rare disorder. The 
presentation of blurred vision, painful 
eye movements, bilateral papilledema and 
visual field loss is typical of optic neuritis 
but atypical as the presenting manifesta-
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Figure 1. Brain MRI findings at diagnosis (october 2013), following the sixth injection of cyclophosphamide (May 2014), and 6 months 
following rituximab treatment initiation (January 2015). [A & B] T2 FLAIR sequences showing abnormal signal in the periventricular white 
matter and base of the left frontal lobe. [C] T2 FLAIR sequences showing two new hyperintense frontal lesions (white arrows).  
[D & e] T2 FLAIR showing reduction in hyperintense periventricular, centrum semiovale and frontal lesions. [F] Pathology of stereotactic 
frontal lobe biopsy showing lymphocytic perivascular and white matter infiltration with extravasation of blood cells

tion of primary CNS angiitis, though it 
has been previously described [1]. Past 
combination treatment strategies have 
included adjunct immunosuppression 
to steroids such as cyclophosphamide or 
mycophenolate mofetil. 

In the above case, this approach failed 
to stabilize the patient’s disease. Rituximab, 
however, yielded both clinical and MRI 
improvement. The pathogenesis of primary 
CNS vasculitis is suggested to result from 
an antigen-specific immune response to 
ill-characterized arterial epitopes [2] and 
manifests as an infiltration of T cells and 
occasional plasma cells in and around small 
vessels. Rituximab, a chimeric monoclonal 
antibody directed against B lymphocyte 
cell-surface protein CD20, is known to 
mediate the destruction of B lymphocytes 
through a variety of mechanisms such as 
antibody-dependent cellular cytotoxicity, 
complement-dependent cytotoxicity and 

apoptosis. Interestingly, the large molecular 
weight of rituximab (146 kDa) renders it 
theoretically impermeable to the blood-
brain barrier. Tokunaga et al. [3] measured 
serum and CSF rituximab concentrations 
in a patient with lupus cerebritis 24 hours 
after induction treatment and found low 
but detectable rituximab concentration in 
the CSF. The assumption is that rituximab 
indirectly affects the CNS by eliminating 
peripheral B cells, thereby limiting inter-
actions between B cells and activated T 
cells. This effect reduces pro-inflammatory 
cytokine production, inhibits complement 
activation and therefore limits lymphocytic 
infiltration into the brain. Alternatively, 
we propose a hypothetical direct mecha-
nism of action where damage to the CNS 
vasculature resulting from lymphocytic 
mediated endothelial damage allows 
for adequate permeability of rituximab  
into the CNS. 

Further investigation of this hypothesis 
with the use of gas or liquid chromatog-
raphy and or spectroscopy could further 
substantiate this claim and is a line of 
research that is currently underway. To 
date, treating isolated CNS vasculitis with 
rituximab is still experimental. There have 
been three prior successful reports of this 
treatment modality [4,5] and this is the 
fourth. Since optic neuritis is a rare but 
previously described presenting symptom 
of PACNS, further investigation may iden-
tify this heralding symptom as a potential 
biomarker and/or predictor of positive 
response to rituximab treatment. Further 
investigations along these lines are of para-
mount importance.
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Increased type I interferon (IFN-I) and a broad signature 
of IFN-I-induced gene transcripts are observed in patients 
with SLE and other systemic autoimmune diseases. To 
identify disease-relevant triggers of the IFN-I pathway 
Mavragani et al. investigated whether endogenous virus-like 
genomic repeat elements, normally silent, might be expressed 
in patients with systemic autoimmune disease, activate an 
innate immune response and induce IFN-I. Expression of 
IFN-I and long interspersed nuclear element-1 (LINE-1; 
L1) was studied in kidney tissue from lupus patients and 
minor salivary gland (MSG) tissue from patients with primary 
Sjogren’s syndrome (SS) by polymerase chain reaction, western 
blot and immunohistochemistry. Induction of IFN-I by L1 was 
investigated by transfection of plasmacytoid dendritic cells 
(pDCs) or monocytes with an L1-encoding plasmid or L1 
RNA. Involvement of innate immune pathways and altered 

L1 methylation were assessed. L1 mRNA transcripts were 
increased in lupus nephritis kidneys and in MSG from SS 
patients and correlated with IFN-I expression and L1 DNA 
demethylation. L1 open reading frame 1/p40 protein and  
IFNβ were expressed in MSG ductal epithelial cells and in 
lupus kidneys, and IFNα was detected in infiltrating pDCs. 
Transfection of pDCs or monocytes with L1-encoding DNA 
or RNA induced IFN-I. Inhibition of TLR7/8 reduced L1 
induction of IFNα in pDCs and an inhibitor of IKKε/TBK1 
abrogated induction of IFN-I by L1 RNA in monocytes. The 
authors conclude that L1 genomic repeat elements represent 
endogenous nucleic acid triggers of the IFN-I pathway in SLE 
and SS and may contribute to initiation or amplification of 
autoimmune disease. 

Arthritis Rheum 2016; doi: 10.1002/art.39795
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Capsule
long interspersed nuclear element-1 retroelements are expressed in patients with systemic 
autoimmune disease and induce type I interferon

Autoimmune diseases such as lupus and rheumatoid arthritis 
lack therapies that specifically target only the disease-causing 
cells. Inspired by the clinical success of using chimeric antigen 
receptor T cells to treat certain types of cancers, Ellebrecht et 
al. asked whether a similar approach might also work against 
antibody-driven autoimmune diseases. They engineered T cells 
to express chimeric receptors consisting of the disease-causing 

autoantigen desmoglein 3 fused to signaling domains that 
activate T cells. When given to diseased mice, the engineered 
T cells targeted and killed B cells that express antibodies 
targeting desmoglein 3, hinting that such a strategy may be an 
effective way to treat antibody-driven autoimmune diseases. 

Science 2016; 353: 179
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engineering t cells to treat autoimmunity

Autoimmune diseases, such as type 1 diabetes, are caused 
by immune cells attacking healthy cells. one way to treat type 
1 diabetes is to activate T regulatory (Treg) cells to suppress 
inflammatory T cell activity and restore tolerance, so that the 
inflammatory T cells stop destroying pancreatic β cells. Yeste et al.  
used gold nanoparticles to induce tolerance in a mouse model 

of type 1 diabetes. The mice had more Treg cells and less severe 
disease symptoms when given nanoparticles coated with proteins 
that induced tolerance. Nanoparticle-based therapies may be 
useful in restoring tolerance in other autoimmune diseases as well. 

Sci Signal 2016; 9: ra61
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nanoparticles restore tolerance




