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Abstract

Herpesvirions and varicella zoster virus (VZV) DNA were recently reported in all 15 cerebrospinal
fluid (CSF) samples from patients with relapsing-remitting multiple sclerosis (MS) obtained within
1 week of exacerbation. Using identical electron microscopic and polymerase chain reaction
techniques, including additional primer sets representing different regions of the VZV genome, we
found no herpesvirions or VZV DNA in MS CSF or acute MS plaques. Although enzyme-linked
immunosorbent assay analysis demonstrated a higher titer of VZV antibody in MS CSF than in
inflammatory control samples, recombinant antibodies prepared from clonally expanded MS CSF
plasma cells did not bind to VZV. VZV is not a disease-relevant antigen in MS.

The cause of multiple sclerosis (MS) is unknown. Epidemiological and genetic studies point
to an environmental cause, a notion supported by increased concentrations of oligoclonal 1gG
in the brain and cerebrospinal fluid (CSF) of MS patients. Importantly, the oligoclonal IgG in
other central nervous system diseases is antibody directed against the disease-causing agent
(reviewed in Bennett and colleagues’? article).

Recently, Sotelo and coauthors? reported the detection of herpesvirions by electron microscopy
(EM) in MS CSF and varicella zoster virus (VZV) DNA by polymerase chain reaction (PCR)
amplification in CSF and peripheral blood mononuclear cells (PBMCs) of MS patients. Of
particular interest was the detection of both VVZ virions and VZV DNA in the CSF of each of
15 MS patients within 1 week of exacerbation.

To confirm these findings, we used EM to search for VZ virions and PCR to detect VZV DNA
in CSF from five MS patients (four samples obtained within 8 days of exacerbation and one
during remission) and three patients with a clinically isolated syndrome (CIS) at high risk for
conversion to MS (oligoclonal bands and multiple white matter lesions). VZV PCR was
performed in parallel on control CSF from patients with known and unknown chronic
inflammatory central nervous system disease. Enzyme-linked immunosorbent assay (ELISA)
and immunoblotting were used to compare binding of antibody from MS and control CSF to
VZV. Finally, based on strategies and techniques in which recombinant antibodies (rAbs)
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prepared from clonally expanded plasma cells in subacute sclerosing panencephalitis brain?
and CSF* successfully detected measles virus antigens, we used single-cell reverse
transcriptase polymerase chain reaction (RT-PCR) to prepare rAbs from clonally expanded
CD138" plasma cells in six MS CSF samples.> The rAbs were tested individually for binding
to VZV-infected cells or cell lysates.

Subjects and Methods

Subjects and Cerebrospinal Fluid Collection

After local informed consent, CSF was collected from five patients with MS, three with CIS,
and six patients with other inflammatory neurological diseases (OIND). Table 1 lists the
laboratory findings for the patients. All MS patients had relapsing-remitting disease (RRMS).
CSF from four of five MS patients was obtained within 8 days of exacerbation. All MS and
CIS patients had oligoclonal bands and multiple white matter lesions on magnetic resonance
imaging (MRI), although none of the CIS patients has experienced development of definite
MS (a new attack or new white matter lesions) in up to 1 year of follow-up.

Electron Microscopy

Tissue culture fluid was collected from VVZV-infected MeWo cells at the height of a cytopathic
effect 3 days after infection. All CSF and tissue culture samples were stored at —80°C prior
until examined. As Sotelo and coauthors? described, CSF and VZV-infected tissue culture
supernatants (0.6ml) were centrifuged at 2,800g for 40 minutes to remove cell debris.
Supernatants were then centrifuged at 70,000g for 2 hours, and the pellet was resuspended in
65ul nuclease-free water. After ultracentrifugation, 3ul of the resuspended pellets from MS
and CIS CSF and VVZV-infected tissue culture supernatants were placed on 300-mesh Formvar-
coated grids, negatively stained with 1% uranyl acetate and observed at 23,000x magnification
with an FEI Tecnai G2 BioTWIN transmission electron microscope (FEI Company, Hillsboro,
OR) for electron-dense viral particles.

Quantitative Real-time Polymerase Chain Reaction

A portion (2-5ul) of the resuspended ultracentrifuged pellet obtained earlier was analyzed by
quantitative real-time PCR for the presence of VZV open reading frames (ORFs) 63, 21,6 and
312 using a 7500-Fast real-time PCR system (Applied Biosystems, Foster City, CA) equipped
with fluorescence-based, simultaneous amplification and product detection. PCR assays were
performed in 20pul volumes containing 2X TagMan Universal PCR Master Mix (Perkin-Elmer,
Norwalk, CT).” Amplification conditions consisted of initial denaturation at 95°C for 10
minutes, followed by 40 two-step cycles of 15 seconds at 95°C and 1 minute at 60°C. Probe
degradation-related fluorescence was recorded during the 60°C extension cycle and analyzed
using the SDS program (Sequence Detection Software; Applied Biosystems). Standard curves
were generated with serial dilutions of VZV DNA (010 copies) extracted from virus-infected
cells. All samples were analyzed in duplicate. DNA extracted from tissue sections of frozen
unfixed acute plaques from two MS brains was also analyzed by quantitative PCR.

Enzyme-Linked Immunosorbent Assay and Immunoblotting Assays

VZV-specific 1gG activity was quantitated in 53 MS CSF samples and in 8 non-MS central
nervous system inflammatory control CSFs (normalized to 10ug/ml) by ELISA as described
elsewhere.? Positive reactivity was scored as three times the mean of background binding by
secondary antibody alone. Six MS CSFs and four OIND CSFs were also examined by
immunoblotting for binding to VZV as described elsewhere. 410
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Recombinant Antibody Assays

Results

Single-cell RT-PCR was used to prepare 43 rAbs from clonally expanded CD138* plasma cells
recovered as described elsewhere® from the same six MS CSF samples used in immunoblotting.
rAbs were individually tested for binding to VZV-infected and uninfected MeWo cell lysates
by immunoblotting as described elsewhere.* In addition, 40 of these rAbs were pooled into 9
groups (3-5 rAbs/group, 5ug/ml of each rAb) and used for immunostaining of VVZV-infected
MeWo cells as described elsewhere.410

Transmission EM demonstrated herpesvirions in supernatants from VZV-infected cells in
tissue culture (Fig 1, panels 1, 2), but not in the pelleted CSF from patients with MS (see Fig
1, panels 3, 4), CIS (see Fig 1, panels 5-7), or from one patient with VZV radiculomyelitis
(data not shown).

Analysis of all ultracentrifuged pellets by quantitative PCR using primer sets from three regions
of the VZV genome at a sensitivity of 400 copies (ORF 21), 40 copies (ORF 31), and 10 copies
of DNA (ORF 63) readily demonstrated amplifiable VZV DNA in culture supernatants from
VZV-infected MeWo cells and in CSF from the patient with VZV radiculomyelitis, but not in
the CSF of any patients with MS, CIS, or OIND, or in acute MS brain plaques (Table 2). Trace-
level amplification was detected in replicate samples of several CSF samples from patients
with MS, patients with CIS, and two inflammatory control subjects with the most sensitive
VZV ORF 63 primers, but these values were below the reliable lower limit of the standard
curve for VZV. This “trace” amplification was recorded as less than 10 copies.

ELISA analysis showed reactivity in 43 of 53 MS CSF samples with VZV-infected MeWo
cells, compared with 3 of 8 OIND CSF samples (Fig 2A). The average reactivity of MS CSFs
to VZV lysates (0.668 + 0.057 standard error of the mean) was significantly greater (p < 0.05,
t test) than that of OIND CSFs (0.309 + 0.082). Moreover, 6 of the 43 MS CSFs that were
positive in ELISA were also used to immunoblot lysates of VZV-infected cells. All six showed
reactivity to VZV compared with two of four OIND CSF samples (see Fig 2B).

Forty-three rAbs were prepared from the CSF of the six MS patients used in immunoblotting.
None showed binding to VZV in ELISA (data not shown), and no rAbs showed reactivity with
VZV-infected or uninfected cell lysates by immunoblotting (see Fig 2B). Of these 43 rAbs, 40
were pooled into groups of 3 to 5 rAbs each and used to immunostain VZV-infected cells. If
positive staining occurred, the rAbs in that group were tested separately to determine
specificity. Figure 2C shows representative staining by the rAbs. Only two rAbs showed
positive staining, one of which stained occasional foci of cells (see Fig 2C, panel d) but not all
VZV-infected multinucleated cells, and one rAb stained all cell nuclei (data not shown).

Discussion

The detection of VZV DNA in CSF and peripheral blood mononuclear cells of MS
patients1~13 was recently reinforced by the reported presence of herpes virionsand VZV DNA
in CSF within 1 week of exacerbation and in peripheral blood mononuclear cells of RRMS
patients.2 To reproduce these findings, we used EM and PCR, the same techniques that Sotelo
and coauthors? used, to analyze CSF from four patients with RRMS obtained within 8 days of
exacerbation, CSF from one patient with RRMS obtained during remission, three CSFs from
CIS patients at high-risk for development of MS, and six patients with OIND. Our PCR analysis
included the VZV ORF 31 primers that Sotello and coauthors? used, as well as primer sets
from different regions of the viral genome corresponding to VZV ORFs 21 and 63.
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No herpesvirions were detected in any CSF samples from patients with MS, CIS, or OIND,
whereas viral particles were readily detectable in similarly prepared supernatants from cells
productively infected with VZV in tissue culture. PCR analysis of CSF samples with three
primer sets that amplified disparate regions of the VZV genome showed no VZV DNA in
patients with MS, patients with CIS, and five OIND, whereas all three VZV DNA products
were detected in culture supernatants from VVZV-infected cells and in the CSF from the VZV
radiculomyelitis patient. The lack of detection of VZ virions in the CSF of the patient with
VZV radiculomyelitis is probably due to the low CSF viral titer 1 week after disease onset.

CSF 1gG from both MS and OIND control patients reacted with VZV by ELISA and
immunoblotting. This is not surprising because MS CSF contains antibodies against multiple
ubiquitous viruses such as VZV, EBV, and rubella.14 None of these viral antibodies, however,
corresponds to the oligoclonal IgG in MS CSF. In contrast, we showed that the oligoclonal
IgG in CSF from a patient with VZV vasculopathy is VZV specific.1> Note that our 43 rAbs
prepared from clonally expanded plasma cells in MS CSF did not bind to VZV-infected cells,
yet are likely to represent the intrathecally synthesized oligoclonal 1gG, based on a strong link
between immunoglobulin variable region sequences and the corresponding peptide sequences
generated from purified CSF oligoclonal bands.16 Furthermore, although immunological
analyses demonstrated a significant difference in binding of MS CSF to VZV-infected cells
compared with control CSF from OIND, this is not likely to reflect intrathecally synthesized
antibody based on the fact that rAbs prepared from clonally expanded plasma cells in MS CSF
did not bind to VZV. In contrast, rAbs prepared from clonally expanded plasma cells in
subacute sclerosing panencephalitis brain and CSF are measles virus specific. Overall, we find
no evidence to indicate that VZV is a relevant antigen in MS.
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Fig 1.

Analysis of human cerebrospinal fluid (CSF) and varicella zoster virus (VZV)-infected cells
for VZ virions and DNA. Transmission electron microscopy was used to analyze
ultracentrifuged pellets obtained from VVZV-infected cells in tissue culture (1, 2) and in CSF
from patients with multiple sclerosis (3, 4) and clinically isolated syndromes (CIS) (5-7). After
ultracentrifugation, pellets were adsorbed onto 300-mesh grids, shadowed with 1% uranyl
acetate, and visualized at 23,000x magnification. Note VZ virions in pellets of supernatants
from VZV-infected cells in tissue culture (1, 2), but not after ultracentrifugation of CSFs from
relapsing-remitting multiple sclerosis patients collected within 8 days of exacerbation (3, 4) or
in CSF of patients during an acute CIS (5-7). Scale bar = 100nm.
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Fig 2.

Analysis of human cerebrospinal fluid (CSF) and recombinant antibodies (rAbs) prepared from
clonally expanded plasma cells in multiple sclerosis (MS) cerebrospinal fluid (CSF) for
varicella zoster virus (VZV) reactivity. (A) Enzyme-linked immunosorbent assay (ELISA)
analysis of human CSF binding to VZV. CSF samples from patients with relapsing-remitting
multiple sclerosis (RRMS) and other inflammatory neurological diseases (OIND) were diluted
to 1gG concentrations of 10ug/ml and reacted with VZV-infected cell lysates. The eight OIND
were VVZV vasculopathy, cryptococcal meningitis, chronic meningitis, subacute sclerosing
panencephalitis (SSPE) (2), paraneoplastic syndrome, neurosyphilis, and
meningoencephalitis. Panel shows the average reactivity (+ SEM) of MS CSF compared to
average reactivity of OIND. (B) Immunoblotting of MS 1gG with VZV. Lysates of VZV-
infected (+) or uninfected (—) MeWo cells were separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis, transferred to nitro-cellulose membranes, and reacted with
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5ug/ml IgG from MS CSF, rabbit anti-VZV, or OIND IgG. Positive control anti-VZV
monoclonal antibody (M anti-VZV), polyclonal rabbit anti-VZV IgG antibody (R anti-VZV),
and recombinant antibodies (rAbs) prepared from clonally expanded plasma cells in MS CSF
(5ug/ml) were used to immunoblot VZV-infected and uninfected cell lysates. All rAbs were
negative (lanes I-XI). Molecular size is given in kilodaltons. (C) Immunostaining. VZV-
infected (a) and un-infected (b) MeWo cells were stained with rabbit anti-VZV 1gG. The same
MS CSF rAbs used in immunoblotting were pooled into nine groups of three to five rAbs
(5ng/ml of each rAb) and used to stain VZV-infected MeWo cells. Representative staining is
indicated in panels c through f. Note overall lack of reactivity of rAbs with VZV. Bar =
100pm.

Ann Neurol. Author manuscript; available in PMC 2010 March 23.



Page 9

Burgoon et al.

‘31qeaijdde 10U = N ‘SNJIA 191S0Z e[|adLIeA = AZA ‘shiljeydaouaued Buisols]as ainoegns = 4SS aseasip

[ea1fojoinau Alo1ewiElUL J8UYI0 = NIO ‘BWOIPUAS pale|os Ajjediulfo = S1D ‘sisols)os ajdnjnw Bumiwsal-Buisdeas = SNYY ‘s1S048]9s ajdn|nw = SIAl ‘spueq [euojaobijo = gD0 ‘pInfy [euIdsoigalsd = 45D

Jgjawi|iw 21gno Jad m__muQ

‘aimound fequinj Jo awir W,

VN + 0€ N T€ siiBulusw o1uo01yd ¢-S0 ANIO
VN + [4 N a8 sijydAsonaN 7-G0 ANIO
VN + 474 N LS sniBuluaw [2920003dA1D S-¥0 ANIO
VN + 14 =] 8. siijAwonalpel AZA S-80 ANIO
VN - T E| 8. Ayredonosen AZA T-80 ANIO
VN + L N T 3dSS T-90 ANIO
+ + 6 N 8¢ SIO €SID
+ + ST = 6¢ SID Z¢SID
+ + 9 E| 6¢ SIO TSID
+ + (1) 4 0 SINYY (uorssiway) T-80 SIN
+ + 4 E| G€ SINYY 7SN
+ + 0 = 9 SINYY €SN
+ + ) E| 0€ SINYY ¢SIN
+ + 6¢ = e SINYY TSN
SUOIsaT JaNBIN SHUM  SED0  ¢SIIRD 4SO XS e(A) aby sisoubelq "ON 1uailed

$193[qns [01U0D asessi [e2160]0INaN AJoTeWWweu] JaylQ pue Slusied SISoJsjas ajdinA Jo sainjea AlojeloqeT] pue [ealul|d

NIH-PA Author Manuscript

T 3lqel

NIH-PA Author Manuscript NIH-PA Author Manuscript

Ann Neurol. Author manuscript; available in PMC 2010 March 23.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Burgoon et al.

Table 2

Page 10

Quantitative Polymerase Chain Reaction Analysis of Varicella Zoster Virus DNA in Acute Multiple Sclerosis
Plaques, in Cerebrospinal Fluid of Patients with Multiple Sclerosis, Clinically Isolated Syndrome, and Other
Inflammatory Neurological Diseases, and in Ultracentrifuged Pellets Obtained from Varicella Zoster Virus—
Infected Cells in Tissue Culture

Sample VZV 63,2 copies/ml  VZV 21,0 copiesiml  VZV 31,C copies/ml
MS 1 0 0

MS 2 Traced 0

MS 3 0 0 0
MS 4 0 0 0
MS 08-1 (remission) 0 0 0
CIs1 0 0 0
Cls2 Traced 0 0
CIS3 Traced 0 0
MS 95-A3 acute plaque 0 ND ND
MS 03-A1 acute plaque 0 ND ND
OIND 06-1 SSPE 0 0 0
OIND 08-1 VZV vasculopathy 0 0 0
OIND 08-5 VZV radiculomyelitis 8,000 14,200 9,710
OIND 04-5 cryptococcal meningitis Traced 0 0
OIND 05-1 neurosyphilis 0 0 0
OIND 05-2 chronic meningitis Traced 0 0
OIND VZV culture supernatant 6.989 E6 18.7 E6 291,500

a . . . . . .
Open reading frames (ORF) 63 primers sensitive to detect 10 copies varicella zoster virus (VZV) DNA.

b . . .
ORF 21 primers sensitive to detect 400 copies VZV DNA.

cORF 31 primers sensitive to detect 40 copies VZV DNA.

dTrace: amplification at 40 cycles (between 1 and 10 copies) is below the lower limit of reliability for the standard curve with VZV ORF 63 primers.

MS = multiple sclerosis; CIS = clinically isolated syndrome; ND = not done; OIND = other inflammatory neurological disease; SSPE = subacute

sclerosing panencephalitis.
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