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ABSTRACT

Objective: To determine the levels of proinflammatory cytokines and matrix metalloproteinases
(MMPs) in the CSF of patients with virologically verified varicella zoster virus (VZV) vasculopathy.

Methods: CSF from 30 patients with virologically verified VZV vasculopathy was analyzed for
levels of proinflammatory cytokines and MMPs using the Meso Scale Discovery multiplex ELISA
platform. Positive CNS inflammatory disease controls were provided by CSF from 30 patients
with multiple sclerosis. Negative controls were provided by CSF from 20 healthy controls.

Results: Compared to multiple sclerosis CSF and CSF from healthy controls, levels of interleukin
(IL)-8, IL-6, and MMP-2 were significantly elevated in VZV vasculopathy CSF.

Conclusions: CSF of patients with VZV vasculopathy revealed a unique profile of elevated proin-
flammatory cytokines, IL-8 and IL-6, along with elevated MMP-2. The relevance of these cyto-
kines to the pathogenesis of VZV vasculopathy requires further study. Neurol Neuroimmunol

Neuroinflamm 2016;3:e246; doi: 10.1212/NXI.0000000000000246

GLOSSARY
GCA 5 giant cell arteritis; IFN 5 interferon; IL 5 interleukin; MMP 5 matrix metalloproteinase; MS 5 multiple sclerosis;
TNF-a 5 tumor necrosis factor a; VZV 5 varicella zoster virus.

Varicella zoster virus (VZV) is a neurotropic DNA alphaherpesvirus that infects .95% of
humans worldwide. Primary infection causes varicella (chickenpox) after which VZV becomes
latent in cranial nerve ganglia, dorsal root ganglia, and autonomic ganglia along the entire
neuraxis. As VZV-specific cell-mediated immunity declines in elderly or immunosuppressed
individuals, VZV reactivates to cause zoster (shingles). Zoster may be further complicated by
infection of cerebral arteries, resulting in pathologic vascular remodeling and stroke (VZV
vasculopathy). VZV vasculopathy is associated with a thickened intima composed of myofibro-
blasts, a paucity of smooth muscle cells in media, and disruption of the internal elastic lamina.1

Key mediators in vascular remodeling associated with VZV vasculopathy are proinflammatory
cytokines that promote cell migration, proliferation and tissue damage, as well as matrix metal-
loproteinases (MMPs) that degrade extracellular matrix to promote tissue remodeling and
infiltration of immune cells.2 Thus, we examined levels of proinflammatory cytokines and
MMPs in the CSF of patients with virologically confirmed VZV vasculopathy.

METHODS Standard protocol approvals, registrations, and patient consents. Deidentified CSF from patients with multiple

sclerosis (MS) and healthy controls was provided by the Rocky Mountain Multiple Sclerosis Center Biorepository, whose collection

protocol for CSF was approved by the Colorado Multiple Institutional Review Board (12-0968).

Deidentified, archived CSF from patients with VZV vasculopathy was obtained from the laboratory of Don Gilden, which receives

multiple specimens to confirm or repudiate the diagnosis of VZV vasculopathy.

Cerebrospinal fluid. Three groups of deidentified CSF were obtained according to Colorado institutional review board guidelines.

The first group was CSF from 30 patients with virologically verified VZV vasculopathy,3 defined as patients who presented with TIAs or
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stroke and whose CSF contained anti-VZV immunoglobulin G

antibodies by ELISA (50% women, average age 56.7 years, range

20–75 years). The second group was CSF from 30 positive control

CNS inflammatory disease patients with MS, including 17 with

relapsing-remitting MS, 2 of whom were taking interferon (IFN)

beta-1a or corticosteroids, and 13 patients with primary progressive

MS (70% women, average age 44.3 years, range 24–62 years). The

third group (negative control) was CSF from 20 healthy patients

with no history of neurologic disease (90% women, average age

36.6 years, range 18–65 years). All CSF samples were centrifuged

within 30 minutes at 800 rpm at 4°C for 5 minutes, and the

supernatant was stored at 280°C until use.

Multiplex electrochemiluminescence immunoassay. Levels
of 10 cytokines in the liquid phase of the CSF, including IL-1b,

IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13, IFN gamma

(IFNg), and tumor necrosis factor a (TNF-a), were measured

using the Meso Scale Discovery Proinflammatory Panel 1 kit

(Rockville, MD) according to the manufacturer’s instructions.

Levels of 5 MMPs in the liquid phase of CSF, i.e., MMP-1, -2,

-3, -9, and -10, were measured using Meso Scale Discovery’s

MMP 2-Plex and MMP 3-Plex Ultra-Sensitive kits (Rockville,

MD) according to the manufacturer’s instructions. Cytokine and

MMP concentrations were calculated by reference to a standard

curve for each molecule derived using various concentrations of

the standards assayed in the same manner as the CSF samples.

The lower and upper limits of detection were calculated based on

the concentration of signal equal to 2.5 SDs above the zero

calibrator and below the upper plateau of the standards curve,

respectively. All samples were analyzed in duplicate.

Statistical analysis. Kruskal-Wallis analysis was used to com-

pare differences among the 3 groups and between individual

groups.

RESULTS Cytokine levels in VZV vasculopathy CSF.

Significantly increased levels of IL-8 (p , 0.0001),
IL-6 (p 5 0.007), and IL-12p70 (p 5 0.011) were
found in VZV vasculopathy CSF compared to those
in MS CSF, as well as significantly increased levels
of IL-8 (p , 0.0001), IL-6 (p 5 0.0001), IFNg

(p 5 0.0004), TNF-a (p 5 0.0012), IL-1b (p 5

0.006), and IL-2 (p 5 0.01) in VZV vasculopathy
CSF compared to healthy control patient CSF. Levels
of IL-8 (p , 0.004), IL-6 (p 5 0.002), IFNg (p ,

0.0001), TNF-a (p , 0.0001), IL-1b (p , 0.0001),
IL-2 (p , 0.0001), and IL-10 (p , 0.0001) were also
significantly increased in MS CSF as compared to those
in healthy control patient CSF (table, figure 1).

MMP levels in VZV vasculopathy CSF. CSF MMP-2
levels were significantly increased in patients with
VZV vasculopathy compared to those in MS
CSF (p 5 0.0001), and significantly higher levels
of MMP-1 (p 5 0.0002), MMP-2 (p 5 0.0001),
MMP-3 (p 5 0.0002), MMP-9 (p , 0.0001), and
MMP-10 (p , 0.0001) were detected in VZV
vasculopathy CSF compared to those in healthy
control patient CSF; MMP-1 (p 5 0.0009),
MMP-2 (p 5 0.0001), MMP-3 (p , 0.0001),
MMP-9 (p , 0.0001), and MMP-10 (p ,

0.0001) levels were significantly higher in CSF
from patients with MS than those in controls
(table, figure 2).

Table Meso Scale Discovery analyte levels in CSF from patients with VZV vasculopathy, patients with MS,
and from healthy controls

Analytes

Groups, median (range)

LLOD–ULOD p ValueVZV vasculopathy MS Control

IL-8, pg/mL 72.0 (21.2–1308) 28.0 (10.5–66.2) 21.8 (12.7–54.8) 0.100–516 0.0001

IL-6, pg/mL 1.52 (0.13–70.7) 0.67 (0.29–2.08) 0.424 (0.15–1.0) 0.130–657 0.0001

IL-1b, pg/mL 0.038 (0.0–1.14) 0.05 (0.0–0.26) 0.0 (0.0–0.13) 0.040–630 0.0005

TNF-a, pg/mL 0.156 (0.0–11.0) 0.163 (0.0–0.35) 0.065 (0.0–0.097) 0.09–311 0.0001

IFNg, pg/mL 0.64 (0.0–704) 0.875 (0.0–5.5) 0.05 (0.0–0.7) 0.45–1320 0.0001

IL-2, pg/mL 0.263 (0.02–1.26) 0.329 (0.07–0.63) 0.124 (0.01–0.27) 0.08–1330 0.0001

IL-10, pg/mL 0.056 (0.0–5.40) 0.097 (0.0–0.66) 0.035 (0.0–0.10) 0.04–323 0.0007

IL-4, pg/mL 0.016 (0.0–0.14) 0.009 (0.0–0.05) 0.016 (0.0–0.06) 0.03–191 0.1448

IL-12p70, pg/mL 0.043 (0.0–0.92) 0.017 (0.0–0.11) 0.037 (0.0–0.18) 0.10–416 0.0240

IL-13, pg/mL 0.122 (0.0–3.3) 0.102 (0.0–1.0) 0.0 (0.0–0.54) 0.82–495 0.1400

MMP-1, ng/mL 0.023 (0.004–0.888) 0.017 (0.003–0.056) 0.009 (0.001–23.0) 0.0018–100 0.0002

MMP-2, ng/mL 35.3 (7.9–102.8) 21.4 (14.5–31.9) 13.9 (7.9–26.3) 0.0919–500 0.0001

MMP-3, ng/mL 0.168 (0.02–2.69) 0.190 (0.07–0.755) 0.060 (0.027–0.304) 0.0007–100 0.0001

MMP-9, ng/mL 0.315 (0.069–23.65) 0.477 (0.08–6.12) 0.045 (0.013–0.098) 0.0137–500 0.0001

MMP-10, ng/mL 0.053 (0.01–0.359) 0.060 (0.035–0.162) 0.018 (0.012–0.043) 0.0051–100 0.0001

Abbreviations: IFNg 5 interferon gamma; IL 5 interleukin; LLOD–ULOD 5 lower limits of detection–upper limits of detec-
tion; MMP 5 matrix metalloproteinase; MS 5 multiple sclerosis; TNF-a 5 tumor necrosis factor a; VZV 5 varicella zoster
virus.
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DISCUSSION Because vascular remodeling is caused,
in part, by inflammation and degradation of the extra-
cellular matrix, we analyzed the levels of proinflamma-
tory cytokines and MMPs in CSF from patients with
VZV vasculopathy compared to inflammatory CSF
from patients with MS and CSF from healthy controls.
Elevated levels of IL-8, IL-6, IL-1b, TNF-a, IFNg, and
IL-2, as well as MMP-1, -2, -3, -9 and -10, in patients
with VZV vasculopathy and patients with MS are
consistent with the inflammatory nature of both
disorders.

The specific elevation of IL-8 in VZV vasculop-
athy CSF compared to MS CSF and CSF from
healthy controls is important because it is a proinflam-
matory cytokine/chemokine that recruits neutrophils,
consistent with an abundance of neutrophils in

cerebral arteries in early VZV vasculopathy,2 in zoster
vesicular fluid,4 and in the CSF of patients with VZV
inflammatory brainstem disease.5

The significant elevation of IL-6 in VZV vasculop-
athy CSF compared to CSF of both patients with MS
and healthy controls likely reflects its proinflammatory
role in inducing differentiation of macrophages,6 which
are prominent in VZV-infected cerebral arteries of pa-
tients with VZV vasculopathy.2 IL-6 also induces
smooth muscle cell migration and proliferation,7 which
contribute to myofibroblast accumulation in the thick-
ened intima of VZV-infected cerebral arteries.1

Increased levels of IL-12p70 in some VZV vasculopathy
CSF compared to MS CSF likely mirrors T cell activa-
tion and secretion of inflammatory cytokines, consistent
with the prevalence of T cells in VZV-infected arteries.2

Figure 1 Cytokine levels in CSF from patients with VZV vasculopathy, patients with MS, and from healthy controls

Levels of IL-8 (p , 0.0001), IL-6 (p 5 0.007) and (H) IL-12p70 (p 5 0.011) were significantly higher in VZV vasculopathy CSF than those in MS CSF.
Compared to CSF from healthy controls, (A) IL-8 (p, 0.0001), (B) IL-6 (p5 0.0001), (C) IFNg (p5 0.0004), (D) TNF-a (p5 0.0012), (E) IL-1b (p5 0.006), and
(F) IL-2 (p 5 0.01) levels were significantly higher in VZV vasculopathy CSF, and levels of IL-8 (p , 0.004), IL-6 (p 5 0.002), IFNg (p , 0.0001), TNF-a (p ,

0.0001), IL-1b (p , 0.0001), IL-2 (p , 0.0001), and (G) IL-10 (p , 0.0001) were significantly higher in MS CSF. (I) IL-4 and (J) IL-13 levels did not differ
significantly among the 3 groups. Each dot represents cytokine values for individual patients; solid bars represent median CSF cytokine levels for each group.
Dotted lines represent lower limits of detection for each cytokine. The asterisk represents statistically significant differences in median cytokine levels among
the 3 groups. IFNg 5 interferon gamma; IL 5 interleukin; MS 5 multiple sclerosis; TNF-a 5 tumor necrosis factor a; VZV 5 varicella zoster virus.
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Unlike VZV vasculopathy CSF, that of patients with
MS showed elevated IL-10 levels, consistent with an
earlier report8 and with the role of IL-10 in promoting
antibody production in this B cell–driven disease.

The significant elevation of MMP-2 in VZV vascul-
opathy CSF compared to MS CSF and CSF of healthy
controls most likely reflects increased degradation of the
extracellular matrix in VZV-infected arteries. Our find-
ings of elevated MMPs in VZV vasculopathy and MS
CSF support the role of multiple classes of MMPs in
degradation of the extracellular matrix, tissue remodel-
ing, and angiogenesis associated with inflammatory
CNS diseases.

Finally, the pathology of both intracerebral VZV
vasculopathy and giant cell arteritis (GCA) is identical
and characterized by granulomatous arteritis. Further-
more, VZV antigen is present in both cerebral arteries
of patients with VZV vasculopathy and in the temporal
arteries of patients with GCA.9 Thus, GCA is likely to
be an extracranial form of VZV vasculopathy in which
the temporal artery is primarily affected. Consistent
with this notion are the significantly increased levels
of IL-8, IL-6, and MMP-2 in VZV vasculopathy CSF
compared to MS CSF and control CSF, which parallel
elevated levels of (1) IL-8 and neutrophils in the blood
of patients with GCA during corticosteroid taper,10 (2)
IL-6 in the serum of patients with GCA,11 and (3)
MMP-2 in temporal artery biopsies and in the aorta
of patients with GCA.12
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