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It has been suggested that human herpesvirus 6 (HHV-6) might be involved in
the pathogenesis of multiple sclerosis (MS). However, studies of the association
between HHV-6 and MS are hindered by the dif®culty in discriminating
between latent and active infection. We undertook a study to determine
whether HHV-6 establish a systemic active infection in the course of MS, and to
investigate possible roles of HHV-7, a herpesvirus closely related to HHV-6. To
discriminate between latent and active infection, we analysed viral transcrip-
tion. The results indicate that both viruses are prevalent in PBMCs of MS
patients as in healthy controls, and that viral sequences are maintained in a
non-trascriptional state. These observations indicate that further studies
should de®ne the state of viral persistence in the central nervous system.
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Introduction

The aetiology of multiple sclerosis (MS) still eludes
our comprehension, in spite of many epidemiologi-
cal, immunological and neurological studies. The
picture that has been emerging points to a complex,
multifactorial pathogenesis, where genetic and
environmental factors are involved. The hypothesis
that viral infections might play an ethiological or
cofactorial role in the pathogenesis of MS, both on
the onset of the disease or during acute episodes,
has been repeatedly suggested. However it has not
yet been possible to de®nitively associate any virus
to MS. Recent studies have focused upon the
relationship between Human Herpesvirus 6 (HHV-
6) and MS.

HHV-6 is a lymphotropic herpesvirus and it
infects preferentially CD4 T lymphocytes. After
primary infection, which results in Exanthem
Subitum (Yamanishi et al, 1988) or benign febrile
diseases (Portolani et al, 1993), the virus persists
inde®nitely in the infected host in a latent form,
possibly harboured by macrophages and PBMCs
(Kondo et al, 1991; Katsafanas et al, 1996). HHV-6
infection is widespread in the healthy population
and more than 90% of adults have virus-speci®c
antibodies. In spite of a distinct lymphotropism,
HHV-6 can infect cells of the central nervous

system, such as glioblastoma cells and fetal astro-
cytes (Ablashi et al, 1988; He et al, 1996). Acute
viral infection has been associated to encephalitis,
meningitis, and other acute diseases of the central
nervous system (reviewed by Braun et al, 1997).
Recent evidences suggest that human herpesvirus 6
(HHV-6) could be involved in the pathogenesis of
MS. Seroepidemiologic studies showed that MS
patients may have higher antibody titers to HHV-6
than controls (Sola et al, 1993) and viral DNA can be
detected in the cerebrospinal ¯uid of MS patients
(Wilborn et al, 1994; Ablashi et al, 1998). Further-
more, HHV-6 DNA sequences were detected in over
70% of necropsy brain specimens of MS patients
and controls (Challoner et al, 1995), and immuno-
histochemestry studies showed a different cellular
localisation between patients and controls. MS
specimens showed a nuclear staining of HHV-6
antigens in oligodendrocytes and positivity was
mainly detected in areas surrounding plaques but
not in brain sections uninvolved in the disease.
Finally, IgM serum antibody responses to HHV-6
early antigen were described in patients with
relapsing-remitting MS (Soldan et al, 1997).

However, several other reports did not show any
correlation between clinical features and HHV-6
®ndings (Liedtke et al, 1995; Martin et al, 1997;
Fillet et al, 1998; Coates and Bell, 1998; Mayne et al,
1998).

It is not easy to ®nd a solution to this debated
issue. In general, all studies of association between
HHV-6 and pathological states need to take into
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account the fact that viral infection is very common
in the healthy population (reviewed by Di Luca et
al, 1996) and there is the need to discriminate
between latent and infectious virus. The presence of
viral DNA is often analysed by polymerase chain
reaction (PCR), but the extreme sensitivity of this
technique is a serious limit to determine the
pathogenic signi®cance of a positive ®nding.
Positive ampli®cation of a genomic region is not
indicative of viral replication nor does it prove that
the identi®ed agent is playing an etiologic role in
the disease. This is particularly important in the
case of herpesviruses, that establish lifelong latent
infections in the host and persist in a non
replicative state.

We undertook a study to determine whether
HHV-6 establish a systemic active infection in the
course of MS, and to investigate possible roles of
HHV-7, a member of the herpesvirus family closely
related to HHV-6.

Results

The PCR reactions for HHV-6 and HHV-7 DNA had
similar sensitivities and both allowed to detect 1000
target molecules with the ®rst round of PCR and ten
molecules after nested PCR. A reconstruction
experiment showing the sensitivity of HHV-6 is
shown in Figure 1.

PCR for detecting human b-actin gene was
performed on 10 ng of all samples, to ensure that
they were suitable for DNA ampli®cation. The
results on the presence of HHV-6 and HHV-7 DNA
are shown in Table 1. HHV-6 sequences were

detected in 8/20 (40%) patients, and HHV-7 DNA
was present in 18/20 patients (90%) (Figure 2). The
prevalence of viral sequences were similar in MS
patients and in controls from healthy donors.
Positive signals for HHV-6 and HHV-7 were present
only after nested PCR, suggesting that low amounts
of virus were present in positive samples.

HHV-6 strains segregate in two different variants
(HHV-6A and HHV-6B), closely related to each
other but clearly distinguishable on the basis of
biological and molecular characteristics (Di Luca et
al, 1996). The HHV-6 variant present in positive
samples was determined by restriction endonu-
clease cleavage of PCR products by HindIII and
HinfII. All positive samples harboured HHV-6
variant B DNA (data not shown).

Samples for RNA analysis were available for six
samples positive for HHV-6. Transcripts of three
different genes (U94, U16/17, U91) were analysed
by RT ± PCR. All these transcripts belong to the
immediate-early transcriptional class and are nor-
mally detected during all phases of lytic replication
(Mirandola et al, 1998). Single step PCR ampli®ca-
tion of cDNAs did not reveal the presence of
detectable levels of viral transcripts. A nested round
of ampli®cation resulted in the detection of U94
mRNA in ®ve samples, but no other viral transcript

Figure 1 Reconstruction experiment showing the sensitivity of
single step (A) and nested (B) PCR for HHV-6. Dilutions of
plasmids containing target sequences (A=105, B=104, C=56103,
D=103, E and G=56102 F and H 102 I=50 L=10 molecules,
respectively) were subjected to PCR ampli®cation and visualised
on ethidium bromide stained agarose gels. Lane 1 is a blank PCR
reaction, used as a control for contaminations.

Table 1 Presence of HHV-6 and HHV-7 in PBMCs

MS patients Healthy controls

HHV-6
HHV-7

8/20 (40%)
18/20 (90%)

11/30 (37%)
26/30 (87%)

Figure 2 Ethidium bromide stained agarose gels showing the
results of nested PCR reactions for HHV-6 (A) and HHV-7 (B).
1 ± 6=PBMCs from MS patients, M=123 bp ladder used as
molecular weight marker. The size of amplimers is expressed
in base pairs (bp).
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was observed. Furthermore, no residual DNA
contamination of RNA samples was detected by
analysing the same amount of RNA, without the
initial reverse transcription reaction.

Likewise, eight samples positive for HHV-7 DNA
were available for RNA analysis. Transcripts of
three viral genes (U14, U16/17, U42) were searched
by nested RT ± PCR. Also in this instance, the
transcripts belong to the immediate-early transcrip-
tional class and are easily detected during produc-
tive infection (Menegazzi et al, 1999). However, no
positive signal was detected.

Discussion

The ®rst description in 1995 that HHV-6 might be
associated to MS (Challoner et al, 1995) stirred
considerable interest and prompted several studies
to con®rm the association and to elucidate a possible
viral role. Several years have elapsed and the
situation remains undetermined. Some studies
con®rmed viral ®ndings in MS patients, other
investigations failed to indicate a viral involvement.
The discrepancy could be ascribed to different
techniques employed in the studies and to different
patients' populations. Anyway, it is always dif®cult
to establish aetiologic associations when the viral
agent infects the majority of the population, when it
establishes latent infections, and when it has a low
pathogenetic potential in the immunocompetent
host. As we recently proposed (Rotola et al, 1998),
the analysis of viral transcription might be helpful in
discriminating between latent and active infection.
We therefore analysed the transcription pattern of
HHV-6 and HHV-7 in PBMCs of patients with
multiple sclerosis. We analysed PBMCs because
most likely the virus is carried to the CNS by
monocytes/macrophages and activated lymphocytes
participate in demyelination (Rayne and Scheinberg,
1988). Furthermore, HHV-6 activation in the blood
of MS patients has been suggested on the basis of
increased levels of IgM and the presence of viral
DNA in serum of patients (Soldan et al, 1997).
Therefore, HHV-6 infection in the CNS might be
caused and re¯ected by an active replication in the
peripheral blood. Mayne et al, (1998) have recently
reported that HHV-6 is rarely found in PBMCs of MS
patients. However, it is possible that even low levels
of productive infection by HHV-6 may cause clinical
disease (Carrigan and Knox, 1995) and PCR cannot
discriminate between latent and chronic low level
infection. Consequently, the determination of viral
replication through transcription analysis in periph-
eral blood could represent an important marker for
at least a subset of patients.

The prevalence of HHV-6 was similar in MS
patients and in healthy individuals. Also the
analysis of distribution of HHV-6 variants failed to
show differences, and HHV-6B was prevalent in MS

patients, as already described in the healthy
population (Di Luca et al, 1996). We recently
reported that latency of HHV-6 is associated to the
presence of U94 mRNA in the absence of other
mRNAs transcribed during the IE phase of infection
(Rotola et al, 1998). Here, we unequivocally show
that HHV-6 is latent in PBMCs of MS patients, since
U94 is the only transcript found, and all other IE
genes, transcribed with high levels during produc-
tive and restricted infection (Mirandola et al, 1998)
were not detected.

The analysis yielded similar results for HHV-7,
showing no association with MS. The prevalence of
viral DNA was the same in MS patients and in
healthy controls, and no footprint of viral transcrip-
tion was detected in MS patients.

In conclusion, our studies on prevalence and
transcriptional activity of HHV-6 in PBMCs suggest
that these cells do not represent a signi®cant
reservoir of infection in the course of MS. Finally,
we would like to point out that our results do not
dismiss the possibility that HHV-6 is involved in the
pathogenesis of MS. In fact, viral expression could be
con®ned to the CNS, or the virus might play a role at
the early onset of the disease. Additional studies are
needed before drawing any de®nitive conclusion.

Materials and methods

Twenty patients with relapsing-remitting MS were
enrolled in the study. PBMCs obtained from each
patient were puri®ed on Ficoll gradients and DNA
was extracted by conventional procedures. When
possible, specimens were stored at 7808C in two
separate aliquots, to be used, respectively, for DNA
and RNA extraction. The presence of HHV-6 DNA
was searched by nested PCR for U31 gene
(Mirandola et al, 1998), analysing 1 mg of DNA,
corresponding to 150 000 cells. Particular care was
taken to avoid contamination of samples and blank
reactions, consisting of the extraction mixture
alone, were interspersed within experimental sam-
ples (to control for possible cross-contamination of
DNA samples). HHV-6 variants were characterized
by restriction enzyme cleavage, as previously
described (Di Luca et al, 1996). The presence of
HHV-7 DNA was searched by nested PCR, speci®c
for U14 gene (Menegazzi et al, 1999). Aliquots of
the PCR reactions were electrophoresed in agarose
gels and analysed with ethiudim bromide staining.
Sensitivity of PCR reaction was determined by
reconstruction experiments, amplifying known
amount of cloned target molecules.

RNA was extracted from PBMCs with RNAzol B
(Biotecx) and treated with DNAse to ensure that
DNA was not present in the sample. After phenol/
chloroform puri®cation, the RNA was stored at
7708C in ethanol/sodium acetate until utilised for
reverse transcription (RT) and PCR ampli®cation.
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Immediately before reverse transcription, the RNA
pellet was rinsed with 75% ethanol and resus-
pended in water treated with dyethyl pyrocarbo-
nate. First strand cDNA synthesis was carried out
with cDNA Cycle Kit (Invitrogen) following the
manufacturer's recommendations, with random
examer primers. Nested PCR on cDNAs was
performed for HHV-6 and HHV-7 mRNAs as
recently described (Mirandola et al, 1998; Mene-
gazzi et al, 1999). The ef®ciency of retrotranscrip-
tion was assessed by analysis of dilutions of cDNA
with PCR speci®c for b-actin. To ensure that viral

DNA was not contaminating the RNA samples,
positive specimens were analysed by nested PCR
without retrotranscription.

PBMCs, obtained from healthy blood donors,
were included as controls in the study.
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