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SUMMARY

Cell-mediated T-helper type-1 (Th1) responses play a vital role in the immunopathogenesis of genital
infections caused by herpes simplex virus 2 (HSV-2). We investigated the role of Th responses in HSV-
2 infection at different disease stages by analysing the production of Th cytokines in HSV-stimulated
peripheral blood mononuclear cells (PBMCs). IFN-yproduction decreased over time following a recur-
rence, whereas levels of IL-10, and to a lesser extent IL-2, remained elevated during this period. In addi-
tion, PBMCs from asymptomatic seropositive individuals produced high levels of IFN-yand low levels
of IL-10, in contrast to individuals with a history of genital ulcers. Following a recurrence, virus copy
number in the genital lesions decreased progressively over time, in a manner similar to IFN-y produc-
tion by HSV-2-stimulated PBMCs. Enhanced production of IFN-ymay modulate HSV replication and
B7 expression on monocytic cells of HSV-infected individuals. In contrast to seronegative controls, IFN-
y failed to enhance B7 expression on monocytic cells of HSV-infected individuals. In addition, mono-
cytic cells from HSV-2-infected individuals with recurrent disease supported greater HSV replication
than did those of HSV-infected asymptomatic individuals or seronegative controls. Furthermore, addi-
tion of IFN-yresulted in enhanced HSV replication in monocytic cells of HSV-infected individuals with
recurrent disease, in contrast to the inhibition observed in HSV-seropositive asymptomatic individuals
and seronegative controls. Taken together, our results suggest that dysregulated production of IFN-yat
different disease stages and the impaired ability of monocytic cells to respond to IFN-ymay play a role

in the pathogenesis of recurrent genital herpes disease.
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INTRODUCTION

Genital infection by herpes simplex virus type 2 (HSV-2) is one of
the most common sexually transmitted diseases. It can also cause
potentially fatal encephalitis, and severe systemic disease in
immunocompromised hosts [1]. The pathogenesis of HSV infec-
tion involves acute infection, latency in neuronal cells, intermit-
tent viral reactivation, and recurrent disease [1]. Genital HSV
infections are characterized by symptomatic recurrences that may
occur 4-15 times per year, with lesions lasting for periods
of 3-12 days [2,3]. The development of HSV disease is likely to be
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influenced by the effectiveness of the host immune response [4].
Innate and cell mediated responses have been suggested to play a
vital role in the control of HSV infections [4-6]. Depletion and
adoptive transfer experiments in mice suggest a protective role
for natural killer (NK) cells, macrophages, and CD4" and CD8" T
cells in controlling HSV infection [4-8]. It has been suggested that
T helper type-1 (Th-1) responses may curtail viral replication
during primary infection, whereas cytotoxic T lymphocytes may
prevent neuronal spread and the establishment of viral latency
[4,5,7.8].

Immune responses are determined by T helper (Th) cytokines
in the microenvironment [9-13] and by specific stimulatory inter-
actions between CD28 molecules expressed on T cells and B7
molecules present on antigen presenting cells (APC) [14]. Differ-
ential roles for the B7 isoforms B7-1 and B7-2 in the development
of distinct Th-1 and Th-2 responses have been postulated [15-17].
Although some studies have provided conflicting results with
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respect to the establishment of distinct Th responses by B7-1 and
B7-2, it is likely that alterations in the balance of B7 isoform
expression on antigen presenting cells may modulate Th
responses [15,16].

The role of Th cytokines in HSV disease has been investigated
in experimental animals and in human subjects [18-20]. IFN-y
was found to be the predominant cytokine produced by HSV-
stimulated peripheral blood mononuclear cells (PBMC) [20].
However, the specific aspects of the host immune response such as
the production of Th cytokines and the expression of costimulatory
molecules on APC, with respect to disease reactivation, are poorly
understood. Recent reports suggest that patients expressing cer-
tain HLA types have been shown to exhibit relatively frequent
HSYV recurrences [21]. Therefore, it is likely that the immune sys-
tem may in part determine the frequency and the severity of genital
HSYV recurrences. Specifically,impaired regulation of Th cytokines
and/or costimulatory molecules, such as B7 receptor expression on
antigen presenting cells, in HSV infection may be associated with
the ability of monocytes/macrophages to permit viral replication.
Therefore, a critical balance in the regulation of Th cytokines may
be necessary during viral reactivation to establish specific Th
responses and maintain a symptom-free remission period.

To address these issues, we analysed the production of Thl
and Th2 cytokines by HSV-2 stimulated PBMC from HSV-2
infected individuals in the following disease stages:

e active disease patients with a viral outbreak and clinically
detectable lesions in the 2 weeks prior to specimen collection
(AD);

e nonactive disease patients who had a history of genital lesions
but who were in a recurrence-free phase of at least 2 weeks
duration (NAD);

e asymptomatic seropositive individuals who had no history of
genital ulcers (AS);

¢ healthy seronegative controls (NEG).

Our results demonstrate that during the recurrence-free phase
IFN-y production by HSV-2-stimulated PBMC decreases over
time, whereas IL-10 production remains elevated. In addition, we
observed impaired IFN-y-mediated regulation of B7 isoforms on
monocytes of HSV-2-infected individuals. Since IFN-y has been
shown to inhibit HSV replication in vitro in a variety of cell types
[22-24], we investigated whether the enhanced IFN-y production
observed in HSV-infected individuals could modulate HSV rep-
lication in monocytes/macrophages from HSV-infected and unin-
fected individuals. Our results show that HSV did not replicate in
macrophages from HSV seronegative individuals and IFN-y did
not have any effect on virus replication in these cells. In contrast,
HSV replicated in vitro in monocytes from asymptomatic

seropositive individuals and patients with recurrent disease, and
IFN-y enhanced viral replication in the monocytes/macrophages
from these subjects. Taken together, our results suggest that dys-
regulated production of IFN-y and impaired IFN-ypmediated
responses with respect to the regulation of B7 receptor expression
and viral replication in monocytic cells may play a role in the
pathogenesis of recurrent genital herpes disease.

SUBJECTS AND METHODS

Patients and collection of samples

Thirty-three individuals with recurrent genital herpes, seven
asymptomatic HSV-2 seropositive individuals and six HSV-
seronegative healthy controls participated in the study. All the
HSV-2-infected individuals recruited for this study were other-
wise healthy. The study was approved by the Research Ethics
Board of the Ottawa Hospital, University of Ottawa, Ottawa,
Ontario, Canada. The age, distribution and sex of the patients
are detailed in Table 1. All the HSV-2 infected individuals
recruited for this study were previously tested for AIDS and
other sexually transmitted diseases. The selection of individuals
for this study was based on their symptoms, clinical history, and
absence of HIV and any other sexually transmitted diseases. Fur-
thermore, none of the patients were diagnosed for any autoim-
mune disease or were immuno-compromised. None of the
patients received either antiproliferative or anti-inflammatory
medication. However, all patients with active disease and recur-
rent genital herpes were on episodic treatment with acyclovir.
For asymptomatic seropositive individuals, the spouse or sexual
partners of patients with genital HSV disease were examined
and blood drawn for analysis.

At the first patient visit, informed consent was obtained, clin-
ical information was recorded, a blood and a genital swab sample
were taken, and patients agreed to report all genital HSV-2 out-
breaks to the clinic staff. More than one blood sample was drawn
from some patients who were seen several times at different dis-
ease stages to study the secretion of Th cytokines and proliferative
responses to HSV antigens at various times following disease
recurrence. All swabs were placed immediately in 1 ml of Kult-
Sure™ viral collection and transport medium (NCS Diagnostics
Inc., Etobicoke, Ontario, Canada). The system is intended for col-
lection and transportation of specimens suspected to contain
viruses and Chlamydia. The participants were divided in four
groups:

e the active disease patients (AD) who had clinically detectable
lesions within the 2 weeks preceding examination, and their
genital swabs yielded HSV-DNA as detected by PCR;

Table 1. Demographics of participants of HSV-2 study

Gender
Total number Aget( - Time since Number of
Disease stage (samples/patients) Years) (F) (M) last episode recurrences/year
Active disease (AD) 26/21 3317 13 8 1 day to 2 weeks 4-12
Non-active disease (NAD) 28/12 42+16 5 7 3 weeks to 7 months 3-12
Asymptomatic seropositive (AS) 717 NA NA NA Nil
Seronegative (NEG) 716 33+12 3 3 Nil Nil

tMean + Standard deviation; NA, data not available.
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e the patients with nonactive disease (NAD) who had a history
of 6 or more recurrences of genital lesions but who were in a
recurrence-free period and had no clinically detectable lesions
in the preceding 2 weeks;

e the asymptomatic seropositive patients (AS) who had no clin-
ical history of genital lesions but HSV-2 antibodies were
detected by Western blot analysis;

e asymptomatic seronegative subjects (NEG) as healthy adult
controls.

Isolation and culture of peripheral blood mononuclear

cells (PBMC)

Blood samples were collected in polyethylene tubes containing
heparin as an anticoagulant and PBMC were isolated by density
gradient centrifugation in Ficoll-Hypaque (Pharmacia, Uppsala,
Sweden) as described [25,26]. The cell layer consisting mainly of
mononuclear cells was collected, washed three times in PBS and
resuspended at a concentration of 2 x 10° cells/ml in Iscove’s
Modified Dulbecco’s Medium (IMDM,; Sigma, Saint Louis, MO,
USA), containing 10% fetal calf serum (FCS; Gibco, Grand
Island, NY, USA), 100 U/ml penicillin, and 100 pg/ml gentamicin.

Preparation of HSV type specific and control antigens

HSV-1 and HSV-2 antigens were prepared as described earlier
[3]. Briefly, confluent monolayers of human fetal lung cell line
(HFL# 62; ATCC) were infected with HSV-1 or HSV-2 (kindly
provided by Dr K. Rosenthal, McMaster University, Hamilton,
Canada). When the majority of cells exhibited a cytopathic effect,
the culture supernates were removed and centrifuged at 600 x g
for 15 min The supernates were incubated at 56°C for 2 h to inac-
tivate the virus, aliquotted and stored at —80°C. Viral inactivation
was confirmed by the failure of the antigen preparation to pro-
duce a cytopathic effect when used to inoculate HFL cell mono-
layers. The control antigen was prepared similarly from
uninfected cells.

Cell proliferation assays

PBMC (1 x 10° cells/ml) were stimulated with anti-CD3 antibod-
ies (OKT-3, American type culture collection (ATCC), Rockville,
MD, 1 : 200 final dilution) for 48 h. Cells were also stimulated sep-
arately with either HSV-1, HSV-2 or control antigen (1 : 10 final
dilution) for 5 days. Stimulation experiments were done in tripli-
cate in a final volume of 200 ul in 96 well plates (Falcon Labware,
Oxnard, CA, USA). The cells were then pulse-labelled with
0-5 uCi[*H] thymidine (Amersham, Arlington Heights, IL, USA)
and cultured for a further 16 h. [’H] thymidine incorporation was
measured by liquid scintillation counting (1450 Microbeta Wallac,
Turku, Finland). The stimulation indices (S.I.) calculated were the
ratios of [*H] thymidine incorporation (cpm) by PBMC cultured
in the presence of antigen/mitogen to incorporation by either
PBMC cultured in the absence of antigen/mitogen or by PBMC
cultured in the presence of control antigens. A stimulation index
of more than three was considered a positive response.

Collection of supernatants for measurement of cytokine
production by ELISA

Cells (1 x 10%ml) were cultured in the presence of either HSV-1,
HSV-2 or control antigen (1 :10 final dilution) in 24 well tissue
culture plates (Falcon Labware). Based on a preliminary kinetic
experiment showing that PBMC exhibit maximal[*H] thymidine
incorporation 5 days after stimulation with HSV-1 or HSV-2

antigens (data not shown), the supernatants were harvested after
5 days and stored at —70°C.

1L-2 and IL-4. 1L-2 and IL-4 were measured by sandwich
enzyme-linked immunoabsorbentassay (EIA) using the human
IL-2 and IL-4 Quantikine™ Kit (R & D Systems Inc., Minneap-
olis, MN), as described by the manufacturer. Recombinant human
IL-2 and IL-4 provided with the kit were used as standards. The
sensitivity of both assays was 8 pg/ml.

1L-10 and IFN-y. 1L-10 and IFN-y produced by PBMC were
also measured by sandwich ELISA using two different mono-
clonal antibodies (MADb) to distinct epitopes, as described previ-
ously [25]. Briefly, the primary human and viral IL-10 antibody
(clone JES3-9D7, PharMingen, Mississauga, Ontario, Canada)
and the human IFN-j-antibody (clone 25718-11, R & D Systems)
were used at concentrations of 5 and 4 pg/ml, respectively.
Recombinant IL-10 (PharMingen) and IFN-y(Endogen, Woburn,
MA, USA) were used as standards. IL-10 biotinylated antibody
(clone JES3-12G8, PharMingen) and IFN-y biotinylated anti-
body (#BAF285, R & D Systems) were used as detection anti-
bodies at concentrations of 4 ug/ml and 200 ng/ml, respec-
tively. Streptavidin-peroxidase (Jackson Immuno-Research, West
Grove, PA, USA) was used at a final dilution of 1:1000. The
colour reaction was developed using o-phenylenediamine dihy-
drochloride (OPD; Sigma) and hydrogen peroxide and was mea-
sured at 450 nm. The sensitivity of both assays was 8 pg/ml.

Detection of viral DNA by polymerase chain reaction

(PCR) analysis

Viral DNA was isolated using a monophase solution containing
guanidine thiocyanate and phenol (TRI Reagent solution, Molec-
ular Research Center Inc., Cincinnati, OH, USA) as described
[27]. HSV in the DNA isolated from clinical samples was detected
by PCR analysis using HSV-1 and HSV-2 primers, as previously
described [3]. The amplified PCR products were detected and
quantified using the colourimetric Digene Sharp Signal System as
described by the manufacturer (Advanced Biotechnologies Inc.,
Columbia, MD, USA). Briefly, 10 ul of DNA isolated from each
sample was added into 90 ul of PCR reaction mixture. To prepare
standard curves for quantification, 10 ul of serial 10-fold dilutions
of the standard HSV-1 or HSV-2 DNA (1 x 107 copies/ul) pro-
vided by the manufacturer were each added to 90 ul of PCR reac-
tion mixture. HSV-1 and HSV-2 types were distinguished via
distinct 3" primers, DNAp3-1 and DNAp3-2, which are specific
for HSV-1 and HSV-2, respectively [28-30]. The DNApS HSV
primer recognized the common sequences for both HSV-1 and
HSV-2. For quantification of HSV copies, the 5" end HSV primers
were biotinylated (Digene Diagnostics Inc.). PCR was carried out
for 30 cycles in a programmable DNA thermal cycler (480; Per-
kin-Elmer), as follows: DNA denaturation at 94°C for 60 s, primer
annealing at 65°C for 1 min 30 s, and primer extension at 72°C for
2 min For the last cycle, the DNA molecules were allowed to
extend for 10 min at 72°C. The amplified PCR products were
detected by electrophoresis on a 1-5% agarose gel and were
stained with ethidium bromide. The sequence of DNAp3-1,
DNAp3-2 and DNAp5 HSV primers (Accession # AY038367)
were as follows: Primer DNAp3-1, sense (n-2026) 5’-CCT CGC
GTT CGT CCT CGT CCT CC-3’ (n-2004); primer DNAp3-2,
sense (n-1951) 5’-CCT CCT TGT CGA GGC CCC GAA AC-3
(n-1929) and primer DNApS, sense (n-1564) 5-ATC GTG AAC
ATC GAC ATG TAC GG-3’ (n-1583). By using these primers, we
were able to distinguish between the presence of HSV-1 and
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HSV-2 on the basis of the PCR product size, 469 and 391 bp,
respectively [28-30]. To determine that the DNA isolated from
the clinical samples was not degraded, PCR for the S-actin gene
was performed as described earlier [26]. The primers for S-actin
were as follows: sense (n-1038) 5-TGA CGG GGT CAC CCA
CACTGT GCC CAT CTA-3’ (n-1067), and antisense (n-1876) 5’-
CTA GAA GCATTT GCG GTG GAC GAT GGA GGG-3' (n-
1905). Clinical samples from patients with genital lesions but who
were negative by PCR were spiked with HSV-2 DNA to rule out
the presence of PCR inhibitors.

The amplified PCR products were transferred on to nylon fil-
ters (Amersham) and were hybridized with the oligonucleotide
probe HSV-P3 [28-30]. The sequence for HSV-P3 is as follows:
sense (nt 1561) 5-GGC GTA GTA GGC GGG GAT GTC
GCG-3’ (nt 1583). This oligonucleotide probe was labelled with
alkaline phosphatase using the E-Link™ and E-Link Plus™ oli-
gonucleotide labelling kit according to the manufacturer’s rec-
ommendations (Genosys, The Woodlands, TX, USA). The filters
were prehybridized with 10 ml of prehybridization buffer for 4 h
at 42°C. Hybridization was performed at 42°C overnight with
10 ml of prehybridization buffer containing 20 ul of the alkaline
phosphatase labelled oligonucleotide probe. After successive
washes with 2x SSC plus 0-1% SDS, 0-5x SSC plus 0-1% SDS,
and buffers A (100 mM Tris, pH 7-4, 150 mM NaCl), buffer B (2%
blocking buffer in A), and buffer C (100 mM Tris pH 9-5, 100 m
NaCl and 50 mM MgCl,), the damp filters were sprayed two or
three times with LumiPhos 530 (Boehringer Mannheim) and
were exposed to X-ray film (X-Omat; Kodak) at 37°C for
between 30 min and 2 h.

Quantification of PCR products by ELISA

Quantification of the amplified PCR products obtained as above
was performed according to the recommendations of the manu-
facturer (Digene Sharp Signal System, Advanced Biotechnologies
Inc.). Briefly, 25 ul of PCR reaction mixture containing 5’-bioti-
nylated products was hybridized at 65°C for 30 min with 25 ul
(500 pmol/l) of specific single-stranded RNA probe complemen-
tary to the biotinylated strand of the PCR. The resultant
RNA:DNA hybrids were captured onto the surface of streptavi-
din-coated microwells. The hybridized contents were transferred
onto the streptavidin coated microwells and incubated at 25°C
for 30 min on a rotary shaker (1200 r.p.m./min). The detection
reagent, RNA-DNA antibody conjugated to alkaline phos-
phatase, was then added, with further agitation at 25°C for 30 min
After washing of the wells, a colourimetric substrate (para-
nitrophenylphenol, PNPP) was added and the plates incubated at
37°C for 2 h. The plates were read at 405 nm using a microplate
ELISA reader. Ten-fold dilutions of the PCR controls were uti-
lized to calculate the amount of HSV DNA copies contained in
the clinical specimens.

Plaque reduction assay

PBMCs (10° cells/ml) were seeded in 12 well tissue culture plates
for 24 h. Cells were then infected with HSV at a concentration of
0-01 PFU per cell for another 48 h in the presence or absence of
200 U/ml of IFN-y. Cells were homogenized, subjected to three
freeze thaw cycles, and the suspension was sonicated and centri-
fuged at 6000 r.p.m. for 10 min The titre of the infectious virus was
determined in a standard viral plaque assay on Vero cell mono-
layers. The results were expressed as the number of PFU per 10°
cells.

Flow cytometric analysis

Unstimulated PBMC (3 x 10°ml) were cultured in the presence
of either IL-10 (1 ng/ml), IFN-y (1 ng/ml), HSV-1 or HSV-2 anti-
gens. The monocytes were analysed for B7-1 and B7-2 expression
after 24 and 48 h of stimulation as previously described [25,31].
Briefly, cells were washed once with PBS/0-05% sodium azide and
distributed into flow cytometry tubes (Sarstedt, Numbrecht, Ger-
many). Cells were stained with 5 ul of either PE labelled anti-B7-
1 (Becton-Dickinson, Lincoln Park, NJ, USA) or PE labelled
anti-B7-2 (Pharmingen) monoclonal antibodies and 2-5 ul of
FITC labelled anti-CD14 monoclonal antibody (Becton-Dickin-
son). Autofluorescence and isotype controls (IgG1 for B7-1 and
IgG2b for B7-2; both Becton-Dickinson) were included (data not
shown). For PBMC, two distinct populations (lymphocytes and
monocytes) were visualized by light scatter properties. For anal-
ysis of B7 expression on monocytes in PBMC, cells were gated in
the monocytic gate. The gates were set in accordance with the
gates obtained with the isotype matched control antibodies. B7-1
and B7-2 expressing CD14 + monocytes were observed in clusters
distinct from lymphocytes and mean channel fluorescence (MCF)
was obtained. Data were acquired on a Becton-Dickinson FAC-
Scan flow cytometer by counting 5000 events. Validity of compar-
isons in the expression levels of B7-1 and B7-2 isoforms between
different patient populations was ensured through the use of Cal-
ibrite™ Beads (Becton Dickinson). Data were analysed using the
WinMDI software package (J. Trotter, Scripps Institute, San
Diego, CA, USA).

Statistical analysis

Means were compared by the two-tailed Student’s t-test. The
results are expressed as mean * standard error (SEM). Linear
regression analysis was performed using the Statistical Analysis
function of Microsoft Excel.

RESULTS

Proliferative responses of PBMCs to HSV antigens

The proliferative responses of PBMC from the 4 study groups to
HSV-1, HSV-2 antigens and anti-CD3 antibodies are shown in
Table 2. PBMCs were classified as responders (R) and nonre-
sponders (NR) based on their proliferative response to HSV-2
stimulation. PBMCs showing a stimulation index (SI) of more
than 3 were designated as responders, and those with an SI of less
than 3 were classified as nonresponders. Four PBMC samples
from four patients showing symptoms of active disease (AD) did
not proliferate in response to HSV antigens and were designated
as nonresponders. In contrast, 22 PBMC samples collected from
17 AD patients at different time points proliferated in response to
HSV antigens and were characterized as responders. In the cate-
gory of nonactive disease (NAD), six PBMC samples from two
patients collected at different time points were found to be non
responders whereas 22 PBMC samples collected from 10 patients
at different time points were characterized as responders. It may
be pointed out that none of the responders from either AD or
NAD patients converted into the nonresponder category or vice
versa. Only one blood sample was drawn from asymptomatic
seropositive (AS) and seronegative patients. Of the 7 AS patients,
four were found to be nonresponders and three responders. Sim-
ilarly, among the six seronegative individuals, six were found to be
nonresponders (Table 2). All the samples responded to anti-CD3
Ab. Samples from patients with recurrent genital herpes
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Table 2. Proliferation of PBMC from HSV-patients at different disease stages in response to HSV antigens

No. samples/no. Responders Non-Responders

Disease stage patients S/P S/P S/P SI to aCD3 Ab* SI to HSV-1* SI to HSV-2*

Active disease 26/21 22/17 4/4 R: 122-9£22-2 R: 6-4+0-9 R: 77+1-3
NR: 77-3 327 NR: 1304 NR: 12£01

Non-active disease 28/12 22/10 6/2 R: 764 +137 R: 212+6-1 R: 10-0+£19
NR: 157-0 £ 64-3 NR: 33+0-6 NR: 12402

Asymptomatic

Seropositive 717 3/3 4/4 ND ND R: 756 +32:2

NR: 2:3+0-6
Seronegative 7/6 0 7/6 NR: 456 £59 NR: 1-3£02 NR: 1-:0£0-2

PBMC (1 x 10°/ml) were stimulated with aCD3 antibodies (1:200 final dilution of culture supernatant of ®CD3 monoclonal antibody hybridoma),
HSV-1 or HSV-2 antigens. PBMC were classified as responders (R) and nonresponders (NR) on the basis of proliferative responses to HSV-2 antigen:

R, Stimulation Index (SI) > 3; NR, SI < 3. *Mean = SEM. ND, not done.

demonstrated a trend towards higher SI in response to anti-CD3
Ab compared to the asymptomatic seronegative controls,
although the difference was not statistically significant (P = 0-089;
Table 2).

Production of Th cytokines by HSV-2 stimulated PBMC
PBMCs from HSV-2-infected responder and nonresponder
patients may secrete distinct patterns of Th cytokines. In order to
study Th responses in HSV-2 disease, we analysed production of
Thl (IFN-y) and Th2 (IL-4, IL-10) cytokines in the supernatants
of PBMC:s harvested five days after stimulation with HSV-2 anti-
gens. Thl and Th2 cytokine secretion by responders and nonre-
sponders were compared in AD, NAD, AS patients and HSV
seronegative controls (NEG). PBMC from AD and NAD
responders secreted significantly higher levels of IFN-y than did
those from nonresponders (P =0-018) and HSV seronegative
controls (P = 0-034). However, there was no difference in the lev-
els of IFN-y production among responders from the 2 disease
groups (AD and NAD) (Fig. 1a). PBMCs from AS responders
(n=3) secreted significantly higher levels of IFN-y than did
PBMC from responders in the AD and NAD groups (P < 0-001;
Fig. 1a).

Similarly, PBMC from AD and NAD responders secreted sig-
nificantly higher levels of IL-10 than did those from nonre-
sponders (P =0-032), aymptomatic seropositive (P =0-025) and
HSV seronegative controls (P =0-038). There was no difference
in the levels of IL-10 production between responders in the AD
and NAD groups (Fig. 1b). In contrast, levels of IL-10 produced
by PBMC:s from the responders and the nonresponders in the AS
group did not differ significantly when compared to the levels pro-
duced by the AD and NAD individuals in the nonresponders cat-
egory. Furthermore, PBMC from nonresponders in the AD and
NAD groups did not secrete significantly higher levels of IL-10
than did nonresponders in the AS and seronegative groups. HSV-
stimulated PBMCs from HSV patients produced very low levels
of IL-4 that were not significantly different in AD, NAD and AS
groups of patients (data not shown).

Thl and Th 2 cytokine secretion by PBMC from patients at
different disease stages

The levels of Th cytokines produced at different times following
infection may also have an impact on the disease process. The

above results, showing an elevation in the IFN-yresponse in AS,
AD and NAD patients as compared with that in healthy con-
trols, suggest that Th1/Th2 cytokine levels may vary at different
disease stages. We analysed the production of IFN-y, IL-10 and
IL-2 by HSV-2 stimulated PBMCs from patients at different time
points from their last HSV-2 genital outbreak (as per the
patient’s clinical chart). Peak levels of IFN-y, IL-10 and IL-2 pro-
duction were noted around the time of recurrence of active dis-
ease (Fig.2). IFN-y levels decreased progressively during the
recurrence-free phase (r=048; P = 0-046). However, the high
levels of IL-10 produced during a recurrence persisted through-
out the study period and, unlike IFN-y, a progressive decrease
was not observed (Fig.2). Levels of IL-2 production decreased
over time but the association was not found to be significant
(P=0-24) (Fig.2).

To confirm the above observations, we performed a longi-
tudinal analysis of cytokine production by HSV stimulated
PBMC:s from three HSV-infected individuals in the responder
AD category over a period of 2 months (Fig.3). The highest
levels of IFN-y were found immediately before or at the time
of disease, following which levels decreased consistently in all
patients over a maximum of 60 days. We did not observe any
pattern in IL-10 and IL-2 levels over the same period

(Fig. 3).

Quantification of viral copy numbers in genital swabs during
active disease and the recurrence-free phase

Several in vitro studies and animal models have suggested that
IFN-y inhibits HSV replication [22-24]. To investigate whether
an association exists between Th cytokine production by HSV-
stimulated PBMC and the presence of virus in genital lesions,
quantitative HSV PCR was performed on extracts from 34
genital swabs from 20 patients with recurrent genital herpes
(AD and NAD). HSV DNA was detected in 15 swabs (44%)
from 13 patients; in the remaining 7 patients, HSV DNA was
not detected. As expected, high numbers of viral DNA copies
were detected at the time of recurrence. These numbers
declined sharply in 4-6 months thereafter (Fig.4), as did IFN-y
levels (Figs2 and 3). Comparison of IFN-y production by
HSV-2 stimulated PBMCs with HSV copy number present in
the genital swabs revealed a significant correlation (r=0-44;
P =0-048).
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Fig. 1. Production of (a) IFN-y and (b) IL-10 by PBMC from HSV-
infected individuals at different stages of disease and HSV-seronegative
controls. PBMC (1 x 10°ml) obtained from patients with AD (&, n =21),
NAD (0, n=12) and asymptomatic HSV-seropositive (AS, 2, n=7) and
HSV-seronegative controls (NEG, [, n = 6) were stimulated with HSV-2
antigen for 5days and the supernatants analysed for IL-10 and IFN-y
production by ELISA as described in the Subjects and Methods section.
Patients were classified as responders and nonresponders based on the
ability of PBMC to proliferate in response to HSV-2 antigens as described
in Subjects and Methods section. The results indicated are mean + SEM.

Regulation of B7 expression by IFN-y and IL-10 on monocytes
in HSV infected individuals

We and others have previously shown that IFN-y up-regulates
expression of both B7-1 (CD80) and B7-2 (CD86), whereas IL-10
down regulates the expression of B7.2 on monocytes [26,31,32].
The above results showing that IFN-yand IL-10 are produced by
HSV-2-stimulated PBMC suggest that regulation of B7 expres-
sion on monocytes in these patients may be altered. Therefore,
PBMC from 11 patients with recurrent infection and from four
HSV seronegative healthy controls were stimulated with either
IL-10 or IFN-y. B7 expression on monocytes was examined by
flow cytometry and representative histograms from HSV-infected
individuals are shown in Fig.5. Prior to IL-10 and IFN-y treat-
ment, monocytes of HSV-infected patients and seronegative con-
trols expressed the same levels of B7-1 or B7-2 (Fig.5). IL-10
moderately enhanced the expression of B7-1 and down regulated
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Fig. 2. Kinetics of (a) IFN-y, (b) IL-10 and (c) IL-2 production by PBMC
from HSV-infected individuals in AD and NAD categories at various times
before and after the onset of a genital HSV recurrence (day 0). PBMC
(1 x10%ml) obtained from patients with AD (n=17) and NAD (n=10)
were stimulated with HSV-2 antigen for 5 days and the supernatants anal-
ysed for IL-2, IL-10 and IFN-y production by ELISA as described in the
legend to Fig. 1 and in Subjects and Methods section. The coefficient of
linear regression (P-values) was calculated for each cytokine using the
statistical analysis function of Microsoft Excel. (a) P = 0.046; (b) P =0.71;

the expression of B7-2 on monocytes from both HSV-negative
and HSV-infected individuals (data not shown). In agreement
with our previous observations [31], IFN-y consistently up-regu-
lated the expression of both B7-1 and B7-2 on monocytes from
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Fig. 3. Longitudinal analysis of (a) IFN-y, (b) IL-10 and (c) IL-2 produc-
tion by PBMC from three HSV infected individuals immediately after
recurrence. Blood from three representative HSV-infected individuals
were obtained at different times during recurrence and after regression of
the genital symptoms. PBMC from these patients were analysed for the
production of IL-2, IL-10 and IFN-y as described in the legend to Fig. 1.

HSV-negative individuals (Fig. 5). In contrast, IFN-ydid not alter
the expression of either B7-1 or B7-2 on monocytes from 7 of 9
HSV-infected individuals examined. These results suggest that
monocytes of HSV-infected individuals exhibit impaired IFN-~
mediated regulation of B7-1 and B7-2 expression.

Virus growth in PBMC cultures from patients and controls

Since IFN-yhas been shown to inhibit HSV replication in vitro in
a variety of cell types [22-24], and in view of the above observa-
tions suggesting impaired IFN-ymediated B7 regulation, we
hypothesized that IFN-y may also affect HSV replication in

10000

HSV copy number
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Time since last recurrence (days)

Fig. 4. Analysis of HSV copy number in the genital swabs obtained from
HSV-infected individuals in AD and NAD categories. HSV was quantified
by HSV-type specific PCR in genital swabs (n=34) from AD and NAD
individuals. The HSV was detected in the DNA isolated from clinical
samples by PCR analysis using the Digene Sharp Signal System with HSV-
1 and HSV-2 primers, as described in Subjects and Methods section.

monocytes/macrophages of HSV-infected individuals. Freshly iso-
lated PBMCs are unable to support replication of HSV-2. How-
ever, when PBMCs are cultured for 24 h and then infected with
HSYV, the monocytes/macrophages become positive for HSV-2
late antigens as observed by immunofluorescence (data not
shown). We investigated the ability of HSV-2 to replicate in
PBMCs obtained from HSV-seronegative controls and HSV-
infected individuals in the presence or the absence of IFN-y.
Freshly isolated PBMCs were cultured overnight (~20 h) in the
presence or absence of 200 U/ml of IFN-y followed by infection
with HSV-2 at a MOI of 0-01 PFU/cell (Fig. 6). We did not observe
any pfu in untreated cells obtained from HSV seropositive
patients and patients with recurrent disease suggesting the
absence of endogenous virus in these cultures. Low levels of viral
replication were observed in untreated PBMCs from seronegative
controls following infection with HSV (Fig.6a). However,
PBMC:s isolated from both groups of HSV-seropositive individu-
als (asymptomatic and patients with recurrent disease) exhibited
two fold and six fold increases in HSV replication, respectively
(Fig. 6a). Addition of IFN-y to the PBMCs obtained from HSV-
seronegative and HSV-seropositive asymptomatic individuals
resulted in decreased virus growth of approximately 20%. In con-
trast, addition of IFN-y to PBMCs obtained from patients with
recurrent disease resulted in increased HSV-2 replication
(Fig. 6b).

DISCUSSION

In this study, we have addressed the role of Th responses in HSV
genital infection by analysing the production of Th cytokines at
various disease stages in HSV-2-stimulated PBMCs. We observed
high levels of IFN-y production in asymptomatic seropositive
individuals and in patients immediately after the onset of disease,
with the levels consistently decreasing during the recurrence-free
phase. In contrast, the high levels of IL-10 produced by HSV-2-
stimulated PBMC during and after recurrent episodes of genital
infection remained elevated for up to three months. In addition,
monocytes from HSV-infected individuals exhibited impairments
in IFN-ymediated responses with respect to HSV replication and
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Fig. 5. Effect of IFN-y on B7-1 and B7-2 expression on CD14 + monocytes from HSV-infected and HSV-seronegative controls. PBMC
from nine HSV-infected individuals with both AD and NAD stages and six HSV-seronegative controls were cultured in the presence

(

) or absence (——) of IFN-yfor 24 h. PBMC were stained with either PE-labelled anti-B7-1 or PE-labelled anti-B7-2 antibodies and

counterstained with FITC-labelled anti-CD14 antibodies for monocytes as described in Subjects and Methods section. The cells in the
monocytic gate were analysed for the expression of B7-1 and B7-2. The comparability in the expression levels of B7-1 and B7-2 isoforms
between different patient populations was ensured through the use of Standard Brite Flow Cytometric Fluorescence Intensity Standard-
ization beads (Coulter). Histograms from one representative HSV-infected and one HSV-seronegative control is shown.

regulation of B7 expression. These results suggest that dysregu-
lated production of IFN-y and IL-10 at different disease stages,
and the impaired ability of monocytic cells to respond to IFN-7,
may play a role in the pathogenesis of recurrent genital herpes
disease.

IFN-y has been shown to mediate protective effects in HSV
infection both in vitro and in vivo [22-24]. IFN-y has also been
shown to inhibit HSV replication in mouse macrophages and can
induce lysis of HSV-infected cells [33-36]. Mice depleted of IFN-
7 have been found to be highly susceptible to HSV infection
[24,34,37]. In HSV-infected neonates and postpartum women
(populations which are known to have increased susceptibility to
severe HSV disease), PBMCs showed diminished HSV-stimu-
lated proliferation which was associated with decreased IFN-y
production [38,39]. In this study, we show that HSV antigen-stim-
ulated PBMCs from AS, AD and NAD patients secreted signifi-
cantly higher levels of IFN-y compared to the HSV-seronegative
controls. Peak levels of IFN-y production were noted at the time
of a recurrence of active disease and IFN-vylevels decreased sig-
nificantly over a period of 4-6 weeks during the recurrence-free

phase. We also observed a similar pattern by longitudinal analysis
of IFN-yproduction in 3 individuals in the AD category. The high-
est levels of IFN-ywere found immediately before or at the time
of recurrence, following which levels decreased consistently in all
patients over time. Our results, showing a correlation between
IFN-y production and HSV copy number in the genital lesions,
suggests that IFN-y production may be driven by HSV-2 replica-
tion and IFN-y in turn may inhibit HSV replication in HSV-
infected epithelial cells in the genital lesions. The precise role of
IFN-yin HSV recurrence is not clear, however, the results of this
study, suggest its role in HSV pathogenesis.

Clearance of HSV infection by NK cells [5] and CD4+ and
CD8+ T cells [4,5,40], has been shown to be critically dependent
on IFN-y. IFN-7is also known to enhance antiviral macrophage
function by inducing nitric oxide and TNF-o production [22,41],
products which specifically inhibit HSV replication [22,41]. Bear-
ing in mind the anti-HSV properties of IFN-y, our observations of
high levels of IFN-y production by HSV-stimulated PBMC, espe-
cially in patients with recurrent disease, raise the question
whether IFN-y exhibits antiviral effects under in vivo conditions
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Fig. 6. Effect of IFN-y on HSV replication in PBMCs of HSV-infected
and HSV-seronegative individuals. (a) PBMCs (1 x 10°/ml) obtained from
HSV-seronegative, HSV-seropositive asymptomatic and HSV-infected
individuals with recurrent disease were seeded into 12 well plates and
cultured for 24 h. Cells were then infected with 0-01 PFU of HSV-1 for
48 h. (b) Cells were pretreated with 200 U/ml of IFN-y prior to infection.
Cell supernatants obtained following three cycles of freeze thawing were
analysed for HSV replication by standard plaque forming assay using vero
cell monolayers.

in HSV infection. Therefore, we determined whether IFN-y
is able to exert its antiviral effects on macrophages of HSV-
infected individuals. We found that monocytic cells from HSV-
seronegative individuals cultured for 24 h can support low levels
of viral replication. However, a six fold increase in viral growth
was observed when monocytic cells from HSV-infected individu-
als with recurrent disease were infected with HSV-2. In addition,
IFN-y enhanced viral growth in monocytic cells from HSV-
infected individuals with recurrent disease, in contrast to the
inhibitory effect observed in monocytic cells of asymptomatic
HSV-seropositive and HSV seronegative individuals. The clinical
significance of the impaired IFN-y mediated effects on viral rep-
lication is not clear at present, but it is likely that failure of IFN-
7y to inhibit virus replication and rather to enhance replication in
patients with recurrent disease may have a role in the pathogen-
esis of HSV genital infections.

To further determine whether IFN-pmediated responses
are impaired in HSV-infected individuals, we analysed the effects
of IFN-y on B7-1 and B7-2 expression on monocytic cells of
HSV-infected individuals. We did not observe any changes in the
levels of expression of B7-1 and B7-2 on monocytic cells of

HSV-infected individuals as compared to HSV-seronegative indi-
viduals. However, in contrast to HSV-seronegative individuals,
IFN-vfailed to enhance either B7-1 or B7-2 expression on mono-
cytic cells of HSV-infected individuals. Given that the IL-10-
mediated effects on B7 expression remained unaltered, our
results suggest a defect in the IFN-y#mediated signalling pathway
in monocytes of HSV-infected individuals. The immunopatholog-
ical consequences of this defective pathway are not clear at
present, but they may include alterations in the IFN-ymediated
anti-HSV effects, such as inhibition of HSV replication [22,41,42].
Further studies are necessary to understand the molecular mech-
anisms responsible for the observed impairment in IFN-ymedi-
ated responses. It is possible that high concentrations of IFN-yin
the microenvironment may desensitize the monocytes, or that
HSV antigens may specifically disrupt IFN-y-mediated regulation
of B7 expression. Our results also show that HSV antigens up-
regulated the expression of both B7-1 and B7-2 receptors, indi-
cating that B7 induction may be mediated by factors released fol-
lowing interaction of HSV antigen with immune cells.

Our results are in agreement with previous studies which
suggest that HSV-stimulated PBMC do not produce the Th2-
inducing cytokine IL-4 [11,13]. However, HSV-stimulated PBMC
did produce IL-10, another cytokine associated with the develop-
ment of Th2 responses [13]. Our finding that the elevated levels of
IL-10 production by HSV-stimulated PBMC persisted for pro-
longed periods after a recurrence, while levels of IFN-y dimin-
ished during this period, suggests that the balance of these
cytokines at different stages of disease may play a role in initiating
or inhibiting recurrence of infection and in HSV immunopatho-
genesis. IL-10 is produced by Th2, ThO, CD8" T cells and mono-
cytes [43,44]. The fact that in HSV infection IL-10 is produced in
an antigen-dependent manner and IL-4 production is minimal
indicates that the IL-10 production we observed may not have
originated from typical Th2 type cells.

The disease status of the nonresponding HSV-2-infected indi-
viduals is not clear at present. Non-responders, who constituted
10-20% of patients with recurrent infections (AD and NAD)
were characterized by an inability of the PBMC’s to proliferate
and produce Th cytokines following stimulation with HSV anti-
gens. There was, however, no clinical distinction between these
individuals and the responders. The impact of this immunological
unresponsiveness on virus reactivation and development of recur-
rent infections needs to be investigated.

Taken together, our results show consistently high levels of
IFN-yand IL-10 at the time of recurrence of HSV-2 disease. Our
observation of a progressive decrease of IFN-y production asso-
ciated with persistently elevated levels of IL-10 in response to
stimulation with HSV antigens suggests that these two cytokines
may play a role in virus reactivation and development of recur-
rent infections. Furthermore, impaired IFN-ymediated responses
with respect to B7 regulation and HSV replication observed in
PBMC:s from HSV + individuals with recurrent disease suggests
impairment of the IFN-y receptor mediated signalling pathway.
The results of these studies may contribute to an understanding of
the immunopathogenesis of recurrent genital ulcers, and also to
the development of therapies to control them.
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