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Analysis of herpes simplex virus type 1 glycoprotein D
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Viral factors responsible for HSV neurovirulence in humans are still unknown.
The aim of this work was to investigate the hypothesis that viral variants might
contribute to the specific neurovirulence of some HSV strains. HSV-1 DNA was
recovered from cerebrospinal fluid (CSF) in ten patients with HSV encephalitis
(HSE) and the regions of HSV-1 gD gene corresponding to known antigenic sites
were analyzed by direct sequencing of PCR products. Twenty-two mutations
were found among a total of 6580 bp analyzed over a portion of 1000 bp of gD
gene, of which 20 were silent whereas two conferred amino acid substitution.
One missense mutation (E117D) was found in two CSF samples as well as in two
control laboratory strains. The other one (A269T) was found in a single CSF
sample, and lies within a region corresponding to a functionally essential
antigenic site. These are the first mutations of the gene encoding gD of HSV
identified in vive in human encephalitis samples. Overall, the results argue

against the role of gD in neurovirulence in humans.
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Herpes simplex virus type 1 (HSV-1) is a ubiquitous
human pathogen, causing a variety of diseases.
After the primary infection, HSV establishes latency
in peripheral sensory neurons, and can then be
subjected to episodes of reactivation. The far most
severe complication of HSV infection is HSV
encephalitis (HSE), a rare sporadic acute focal
necrotizing encephalitis occurring in immunocom-
petent patients. Both primary and secondary HSV
infection can cause HSE. Whereas the determinants
of peripheral reactivatable HSV infections are
currently being elucidated, the precise source of
the virus and the factors responsible for the
occurrence of HSV central nervous system (CNS)
invasion in humans are still unknown. Host factors
are difficult to investigate and have not been looked
for intensively. In contrast, the existence of specific
neurovirulent strains has been suggested. Indeed,
increased-neurovirulent HSV variants have been
obtained in experimental animal models. In such
models, several genes governing neurovirulence
have been investigated by the use of recombinant
strains, or deletion mutants. The results of these
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studies have permitted us to differentiate wviral
genes conferring ability to replicate in the CNS,
versus viral genes conferring ability to gain access
to the CNS (reviewed in Roizman and Kaplan,
1992). Although the relevance of these data to
human disease has not been established, it has been
hypothesized that neuroinvasiveness might be one
factor of interest in the pathogenesis of human HSE
(Bergstrom ‘et al, 1990). Among the viral genetic
determinants of interest for a possible role in
neuroinvasion, HSV glycoproteins are good candi-
dates. At least eight virus-encoded glycoproteins
have been identified hitherto, three of them
(glycoproteins D, B, and H, or gD, gB, and gH,
respectively) being essential for viral replication in
culture, and penetration of cells. Whereas glycopro-
teins homologous to gB and gH have been identified
in other human herpesviruses examined (Cranage et
al, 1986, 1988), gD is not conserved while retaining
the same properties. In particular, gD has focused
interest as a major target for neutralizing antibodies
(Eisenberg et al, 1985). Furthermore, gD plays an
essential role in post-attachment entry of the virus

into cells (Johnson and Ligas, 1988; Ligas and .

Johnson, 1988; Muggeridge et al, 1990), and has
interference activity (Campadelli-Fiume et al, 1988;
Brandimarti et al, 1994). Mutational analyses have
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allowed us to identify functionally critical regions,
in terms of antigenic properties, attachment. to cells,
and replication of virus in infected cells (Cohen et
al, 1988; Isola et al, 1989; Campadelli-Fiume et al,
1990; Feenstra et al, 1990; Dean et al, 1994; Chiang
et al, 1994). Whereas amino acid sequence analysis
has revealed that gD is a highly conserved protein,
with >98% identity between strains, in vitro
studies have led to the characterization of gD amino
acid substitutions conferring resistance to neutrali-
zation or interference (Minson et al, 1986; Campa-
delli-Fiume et al, 1990; Dean et al, 1994;
Brandimarti et al, 1994). Moreover in an in vivo
study of experimental pathogenesis, a single amino
acid substitution in the gene encoding gD was
identified in a viral strain with enhanced neuro-
virulence ([zumi and Stevens, 1990). Although the
role of this subtle modification in such drastic
change of the neuroinvasive phenotype requires
further studies, taken together, all these results
support the hypothesis that gD is an important
element of the virus neurotropic properties. To test
this hypothesis in vivo in humans, we have
undertaken a molecular analysis of HSV-1 gD
nucleotide sequences derived from amplified pro-
ducts obtained directly from cerebrospinal fluid
(CSF) DNA of 10 HSE patients prior to treatment.
Virological diagnosis of HSV-induced encephali-
tis was performed as previously-described (Rozen-
berg and Lebon, 1991) in patients whose CSF
samples were referred to our laboratory to investi-
gate an acute encephalitis, Briefly, 100—200 ul of
CSF were analyzed for the presence of HSV DNA by
PCR, using primers that allow .the detection of a
region of the DNA polymerase gene highly con-
served among herpesviruses. Characterization of
the amplified product was then achieved by
restriction enzyme analysis. Cerebrospinal fluids

containing detectable HSV DNA were stored at
—20°C until further analysis. Ten CSFs from 10
different HSE patients obtained at the beginning of
their neurological symptoms (i.e. prior to any
specific anti-viral treatment) were further selected
for gD sequence analysis. These patients were seven
adults and three children (8 months, 7 and 14 years,
respectively), originating from different regions of
France. Clinical features of the disease in these 10
patients are summarized on Table 1. For amplifica-
tion of gD, 200 pul of CSF were used. The total DNA
extracted from these samples was used for PCR. A
1092 base pairs fragment of HSV-1 gD gene, from
nucleotide or nt 268 to nt 1360 of the published
nucleotide sequence (Watson et al, 1982), was
amplified using two 20-base oligonucleotide pri-
mers, gD1 (5-GCCGTGATTTTGTTTGTCGT-3') and
gD2 (5'-GCTTTGGGGCTTTCCGAGTG-3'), thus
bracketing previously described antigenic sites
(Eisenberg et al, 1994): continuous epitopes VII (nt
343-372), II (nt 1105-1152), XI (nt 1164-1218),
and functional sites I{nt 394 —444), II (nt 617 —723),
III (nt 979~ 1066) and IV (nt 1144 —1245) (Figure 1).
Reaction mixtures contained 50 mM KCl, 10 mM
Tris-HCI (pH 8.3), 1.5 mM MgCl,, 0.01% (wt/vol)
gelatin, 5% dimethylsulfoxide (DMSO), 200 uM of
each dANTP, 10 pmol of each oligonucleotide primer
and 2.5 units of Taq polymerase (Perkin Elmer-
Cetus, Norwalk, CT). The reactions were performed
in an automated thermal cycler (Perkin Elmer-
Cetus); the cycle, which consisted of 1 min of
denaturation at 94°C, 1 min 30 s of annealing at
56°C, and 2 min of elongation at 72°C, was repeated
40 times, The presence of the amplified product was
verified by UV transillumination of ethidium-
bromide agarose gels. A second round of PCR was
performed, in which single-stranded DNA suitable
for sequencing was generated by means of PCR

Table 1 Clinical presentation of the 10 HSE patients whose CSF was analyzed for HSV-1 gD sequence

CSF Treatment**
Geographic Duration

No Sex/Age  origin* Neurological symptoms Cellst Proteintt «IFNY  Dosage in days Evolution
1 M/57 SW  F°, aphasia, meningism 130 (80%) 0.8 18 NA 15 recovery
2 M/48 SW  F, aphasia, altered consciousness 116 (100%) 1.67 50 45mg/kg/d . 15 recovery
3 M/46 P F, confusion 180 (98%) 0.8 2 2 g/d 15 recovery
4 M/16 P F, altered consciousness 650 (85%) 2.9 6 1.5 g/d 15 recovery
6 M/50 S F, confusion NA NA 50 NA NA NA

7 M/50 P F, seizures NA NA 200 NA NA NA
10 M/53 w F, aphasia, seizure 242 (100%) 0.6 100 3g/d 15 recovery
Children _

5 M/5 P F, focal seizures 300 (75%) 0.46 400 45 mg/kg/d 15 recovery
8 F14 P F, chronic meningitis 1470 (90%) 078 18 30mg/kg/d 2 (delayed) deceased
9 M/8months P F, focal seizures 103 (96%) 0.97 50 45 mg/kg/d 21 recovery

*P: Paris or area; SW: southwest of France; W: West of France; S: South of France

**treatment consisted in intravenous aciclovir

+number of cells per mm?® (% of lymphocytes)

+1 protein concentration in g/l

t a-interferon level expressed in international units per ml
F°: Fever



HSV-1 glycoprotein D mutations in human encephalitis
. F Rozenberg and P Lebon

Table 2 Summary of mutations identified in the different glycoprotein D regions from HSE patients CSF samples

Continuous epitopes”
121 I
aa® 1-19

aa 264-279 aa 284-301

I

aa 27-43

Functional regions®
I m
aa 125-161 aa 227-246

Other
domains

IV*
aa 277-310

No cases®

Silent
mutations®

1,4,7,8,9
C342G,
C3725T1 40

1,2,3,4,5
G1146-T,

1,2,3,4,5

A11885G 25
C1205—A,4
G1209-T,

Missense

G
mutations? o

A269T

1,4,6,7,8,9,10
A4475G;

all ten
G384—As
C474—>A,
C591—)A2
C597-T5
T609-C,
T756—Cz 8,0
G771-C; .
C777-Ts
G9125A,
A915-G,
C924-Gg
C973—T, 5
AGBG—)CS,Q
E117D

all ten
C71 7'—)T2,3,g

1,2,3,4,5 1,2,3,5
C1146-T,

A1188-5G; 25
C1205->A4

G1209-T5

* Note the overlap between continuous epitope XI and functional region IV, which are described separately

®The antigenic sites and functional regions are defined by their residue number as previously described by Chiang et al (1994)
The case number of each CSF sample analyzed corresponds to that indicated in Figure 1

°Mutations are defined by the universal code letter and nucleotide number of the reference sequence followed by the mutated

nucleotide, and in index, the case number of the GSF sample

Missense mutations are designated in bold at the protein level by the wild-type residue (single letter amino acid code) followed by

its sequence number and the mutant residue
°aa: amino acid

using unequal amounts of the two primers
(50 pmol/1 pmol) as previously described (Gyllen-
stein and Ehrlich, 1988). Then, the total amplifica-
tion reaction mixture was mixed with 2 ml of
distilled water, applied to a Centricon 100 micro-
concentrator (Amicon), and .spun at 3000xg to
remove excess dNTPs and buffer components.
Approximately 7 ul of the final retenate was used
for sequencing with the dideoxy-nucleotide chain
termination method (DNA sequencing kit, United
States Biochemical). Sense primer gD1 and seven
antisense primers gD4: 5'-TCCAACACGGCGTAG-
TAAAC-3', gD6; 5-GCGTACTTACAGGAGCCCTT-
3’, gD8: 5-GGACCCCCGGAGGGTCGGTC-3', gD10:
5'-ATGACCGTGATGGGGATAGC-3, gD12: 5'-GGC-
GTGCATCAGGAACCCCAG-3',gD14: 5'-GCCACCC-
GGCGATCTTCAAGC-3', gD16: 5-CAGTTGGTGG
GATTGCGGC-3', were used for sequencing. As
shown in Table 2, the sequence corresponding to
epitope VII, was analyzed in five patients (CSFs no
1, 4,7, 8,9), and those corresponding to continuous

epitopes II and XI were analyzed in five other

patients (CSF no 1, 2, 3, 4, 5). In addition, the
sequences corresponding to functional region I
were analyzed in seven cases (CSFs no 1, 4, 6, 7,
8, 9, 10), to functional region II in all 10 cases, to
functional region Il in five cases (CSFsno 1, 2, 3, 4,
5), and to functional region IV in four cases (CSFs no
1, 2, 3, 5). Last, the region known to contain one
experimental neuroinvasiveness associated muta-
tion, A84G (Izumi and Stevens, 1990) was analyzed
in nine cases (all except case 10). The nucleotide
changes with reference to the strain HSV F are

shown in Table 2. Changes were found at 22
positions, 20 of which being conservative. How-
ever, two changes were found to lead to amino acid
substitutions: mutation GAA—-GAC (E117D) was
found in cases 8 and 9, and mutation GCC—»ACC
(A269T) was found in case 2 in a viral strain that
differed from the reference strain by 11 silent
mutations over 862 bp analyzed.

To ascertain the specificity of these results, we
then selected 20 peripheral HSV-1 strains obtained
from various clinical lesions in different patients,
isolated in our laboratory by means of routine
culture procedures on Vero cell lines, and
identified by monoclonal antibodies (Syva-Mér-
ieux, Paris, France). We focused on the regions
surrounding the two missence mutations found in
HSE samples. As seen in Table 3, among 12 strains
sequenced between nt 630 and 820 of gD, five
silent mutations were found, clustered in four
strains. Moreover, four out of these five silent
mutations were identical to those found in HSE
strains. In two out of these four strains, the
missence mutation A666—C leading to substitu-
tion E117D was also present. In contrast, among
eight strains sequenced between nt 850 and 1170
of gD, only four silent mutations were found,
clustered in four strains, while four other strains
displayed a completely conserved sequence with
regard to the F reference strain. Moreover, three
out of these five silent mutations were identical to
those observed in HSE strains. As detailed in
Table 3, no mutation was specific for a particular
site of infection.
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