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Abstract

Cytokines and chemokines play an important role in the first line of defence
against viral infections. Moreover, these groups of proteins also contribute
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significantly to regulation of the acquired immune response. Therefore,
knowledge of the expression of cytokines, chemokines and factors involved in
their action may provide information about the immune reaction responsible for
elimination of viral infections and for immune-mediated pathology. Using cDNA
arrays, we have evaluated the expression of cytokines and genes related to
cytokine function in resting murine peritoneal cells and in inflammatory
macrophages infected with Herpes simplex virus (HSV)-1and -2. To allow
comparison, the experiments were performed using both the resistant mouse
strain C57BL/6 and the susceptible strain BALB/c. The work identified a group of
genes that is differentially expressed during HSV infection of cells from the two
strains. Another group of genes was affected by HSV-1 but not HSV-2 infection
and vice versa. Further analysis of these genes may provide new information
about host defense against viral infections and could also lead to identification
of the molecular basis for the pathological differences between infections with
HSV-1and -2.

Full text

Herpes simplexvirus (HSV) is an enveloped DNA virus of the Herpes viridae
family [1]. Two types of HSV exist, HSV-1and HSV-2, which exhibit 83% homology
in the protein-coding regions of the DNA [2], which share many biological
functions [1]. The primary target cells are epithelial cells of mucocutaneous
membranes. In these cells, the virus replicates efficiently and causes cell lysis.
Following the initial replication at the site of entry, the virus gains access to the
sensory neurons where it resides in a non-replicating state known as latency,
from which the virus can be reactivated [3]. Although HSV-1and HSV-2 can give
rise to a highly overlapping spectrum of clinical symptoms, some differences are
noticeable. For instance, genital HSV-1infections are clinically less severe and
reactivate with lower frequency than similar HSV-2 infections [4, 5]. Moreover,
HSV-2, but not HSV-1, gives rise to a pronounced focal necrotizing hepatitis after
intraperitoneal infection of mice [6].

The ability of the organism to mount an efficient immune response against HSV
infections is dependent on both the innate and adaptive immune responses |7,
8]. The innate immune response to HSV infections serves a dual role. Firstly, it
serves the purpose of controlling virus replication until the adaptive response
develops. Secondly, it also plays a pivotal role in the process of T cell
differentiation and activation. As for the adaptive immune response, it is now
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well established that CD4" Th1 cells are of particular importance in the
elimination of HSV infections [8].

Our understanding of the functions of different leukocyte subtypes in the innate

immune response to viral infections has grown considerably in recent years.
Firstly, macrophages contribute to the early non-specific response, mainly
through production of free radicals and cytokines [7, 9-11]. /n vivo macrophage-
depletion studies have shown that this cell type is also crucial for bridging
between the innate and the adaptive immune system [12]. Secondly, natural
killer cells contribute to the first line of defense against viral infections [13]. This
function seems to be mediated largely through two activities, namely
production of interferon (IFN)-* and cytotoxic activity against virus-infected
cells [13]. Thirdly, the natural, IFN-*/B-producing cells, which appear to be
responsible for a large pool of the early IFN-*/3, have now been identified as
plasmacytoid immature dendritic cells (DC), which, following infection,
differentiate into mature DCs [14]. Finally, ** T cells have been suggested to play
an important role in the early host defense against many viruses, including HSV-
1[7,15, 16]. This is mainly due to the ability of ** T cells to produce IFN-* at early
stages of the infection.

The optimal antiviral function of the above-described innate leukocytes relies
heavily on cytokine production and action, working in an auto- and paracrine
manner [13, 16-19]. Cytokines and cytokine-induced genes are important for the
ability of the organism to raise an antiviral response. Mice deficient in IFN-* or
interleukin (IL)-6 are unable to control HSV-1and HSV-2 infections and succumb
at normally sub-lethal virus doses [20, 21]. Cytokines work through multiple
mechanisms of action such as (i) direct antiviral activity through induction of
various enzymes, (ii) activation and recruitment of other cells of the innate
immune system, and (iii) stimulation of T cell differentiation and activation.

The invention of cDNA arrays has allowed investigators to examine expression of

a very large number of genes at the same time. By this means Huang et al.
compared gene expression in DCs after exposure to bacteria, fungi, and viruses
and found that a set of core genes was expressed in response to all pathogens,
while a subset of genes was regulated in a more pathogen-specific manner [22].
In this study, we have taken the cDNA array approach and analyzed the
expression pattern of genes encoding cytokines and proteins related to
cytokine action during the early stages of HSV-1and HSV-2 infection in resting
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murine PCs and inflammatory PCs, which are highly macrophage-enriched. This
cell type has previously been shown to play an important role in resistance
against HSV infections [7, 12], and knowledge of gene expression in
macrophages during HSV infection is therefore of interest. Also, by comparing
the relatively resistant mouse strain C57BL/6 with the relatively susceptible
BALB/c strain, the results of the present work have identified proteins that
potentially play important roles in the host response against HSV infections.

MATERIALS AND METHODS
Mice and cell cultures

The mice used in our experiments were specific pathogen-free, 7 to 8-week-old
female C57BL/6 and BALB/c mice. The mice were from M&B and were kept in our
animal facilities between delivery (at 4-6 weeks of age) and the time of the
experiments. Resting peritoneal cells (PC) were harvested by lavage of the
peritoneal cavity with cold PBS supplemented with 2% fetal calf serum (FCS,
Hyclone) and 20 IU/ml of heparin (Leo Pharmaceuticals). The cells were washed
once in RPMI'1640 medium with 5% FCS and antibiotics and seeded at a density
of 7x 10° cells per 10 ml in the same medium. The cells were left overnight before
infection. Thioglycollate (TG)-elicited macrophages were induced by injection of
2mlof 10% TG into the peritoneal cavity. Five days later PCs were harvested and
seeded as described above.

Virus and infections

The viruses used in our experiments were the 17+ strain of HSV-1and the MS
strain of HSV-2. The virus stocks used were produced by infecting Vero cells with
0.01p.f.u. per cell (or leaving the cells uninfected for generation of mock
preparations), and incubation at 37° C until a complete cytopathic effect was
observed. After three rounds of freezing (- 70° C) and thawing (room
temperature), virus was separated from cell debris by centrifugation for 30 min
at 4,500 x g (at 4° C). The virus was pelleted by ultracentrifugation at 4,500 x g
for 1hour. Re-suspension was done in PBS, supplemented with 0.19% BSA and
sonication for 30 sec, three times at 40 W. The virus was quantified by plaque
titration in Vero cells and stored at - 70° C. The murine PCs were infected at a
multiplicity of infection (m.o.i.) of 1.
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Isolation of total RNA

After the appropriate period of infection, cells were lysed in Trizol (Life
Technologies) and total RNA was isolated following the recommendations of the
manufacturer. To eliminate possible trace amounts of genomic DNA, the RNA
was treated with DNase | (Stratagene) for 90 min at 25° C. The amount of DNAse
used was 1unit per T ug RNA. Subsequently, the RNA was isolated by two rounds
of extraction with acidic phenol, one extraction with phenol:chloroform:isoamy|
alcohol (25:24:1) and two extractions with chloroform:isoamyl alcohol (24:1). To
precipitate the RNA, 0.1 volume of 3 uM sodium acetate, pH 5.2 and 3 volumes of
96% ethanol was added, mixed and left overnight at - 2° C. The tubes were
centrifuged at 15,000 x g for 30 min (at 4° C). The pellet was washed in 80%
ethanol, dried, and redissolved in water containing 0.1% DEPC. The RNA was
quantified by OD measurement at 260 nm.

Radioactive labelling of cytokine-related RNAs

Total RNA was labelled using the cDNA Labeling and Hybridisation Kit from R&D
Systems and [* -3?P]-dATP (Hartmann Analytics), following the instruction
provided with the kit. Briefly, 1-2 ug of total RNA was mixed with 4 pl of murine
cytokine-specific primers (R&D Systems) and heated to 90° C for 2 min, followed
by slow cooling to 42° C. The remaining components were added, mixed, and
incubated for 2.5 hours at 42° C. The labelled cDNA was separated from
unincorporated radioactivity by centrifugation through Sephadex G-25 spin-
columns (Roche).

cDNA array analysis

The cDNA arrays (Mouse Cytokine Expression Array, R&D Systems) were rinsed
in 0.2 x SSPE and prehybridized for 2 hours at 65° C in hybridisation buffer (5 x
SSPE, 2% SDS, 5 x Denhardt’s reagent, 100 pg/ml Salmon testes DNA). The
hybridisation solution was made by adding the labeled cDNA to 5 ml
hybridisation buffer which was heated for 10 min at 90° C. The pre-hybridisation
solution was discarded and exchanged with the hybridisation solution.
Hybridisation was allowed to occur for 16-20 hours at 65° C. Unhybridized cDNA
was washed off the array by 2 x 20 min washes with 0.5 X SSPE, 2% SDS and 2 x
20 min washes with 0.1 x SSPE, 2% SDS. All washing steps were carried out at 65°
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C with 150 ml washing buffer used per wash. The arrays were sealed in plastic
bags and subjected to autoradiography.

Analysis of results

Hybridisation intensities were determined by densitometric measurement of the
X-ray films after the array was aligned to the grid reference template to
determine the target localization for each of the duplicate 514 murine cDNAs, 8
housekeeping genes, and 6 negative controls. The background was determined
individually for each gene and subtracted from the duplicate spots to yield the
average hybridisation intensity. Data were discarded when significant deviations
between duplicate experiments were found, or when the signal intensity was
not above the background level. For comparison between arrays, hybridization
intensities were normalized to the housekeeping genes prior to comparison
between samples from HSV and mock-treated cells. Only those genes which
reproducibly showed at least threefold upregulation or downregulation were
considered differentially expressed.

RT-PCR

Two ug of RNA were subjected to reverse transcription using oligo(dT)qs and
Expand Reverse Transcriptase (both from Roche). The cDNA was amplified by 30
cycles of PCR with the following primers: MCP-1: 5'-ACA AGA GGA TCA CCA GCA
GCA G-3' (sense), 5'-AAG GCA TCA CAG TCC GAG TCA C-3' (antisense); B-actin:
5'-CCA ACC GTGAAAAGATGA CC-3' (sense), 5'-GCAGTAATC TCCTTC TGC
ATC C-3' (anti-sense). The products spanned 319 bp (MCP-1) and 616 bp (B-
actin), respectively.

ELISA

Murine IL-12 p40 and RANTES were detected by ELISA. Maxisorp plates were
coated overnight at 4° C with primary antibody (6 ug/ml anti-IL-12 p40 (BD
Pharmingen) and 0.5 ug/ml anti-RANTES (Peprotech)) in coating buffer (15 mM
Na,COs; 35 MM NaHCOs; 0.2% sodium azide, pH 9.6). After blocking for 2 hours
at 37° C with PBS pH 7.4 containing 1% w/v BSA, samples and standard dilutions
of cytokines (concentration range: 3.9-2,000 pg/mi for IL-12 p40 and 100-6,000
pg/ml for RANTES) were added to the wells and the plates were incubated at 37°
C for 1 hour or overnight at 4° C. Subsequently, the wells were incubated for 1
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hour at 37° C with a biotin-labelled detection-antibody (2 ug/ml anti-IL-12 p40
(BD Pharmingen) and 0.25 ug/ml anti-RANTES (Peprotech)) in blocking buffer.
Finally, HRP-conjugated streptavidin, diluted in blocking buffer, was added and
incubated for 20 min at room temperature and the result was visualized by the
TMB system (R&D Systems). After 10 min, the colour reaction was stopped with
5% HoSO,. Between each step the plates were washed 3 times with PBS
containing 0.05% v/v Tween 20. The results were quantified by reading at 450
nm.

Griess assay

PCs were infected with HSV-1or -2 and treated with IFN-* (10 IU/ml) (BD

Pharmingen). Supernatants were harvested 48 hours after infection/stimulation

and assayed for NOS activity by the Griess assay. Briefly, 100 ul culture
supernatant was mixed with 100 pl Griess reagent (equal volumes of 0.1% N-(1-
naphthyl)-ethylenediamine dinydrochloride and 1% p-aminobenzene
sulfanilamide (both from Sigma)), in a 96-well microtiter plate. After 10 min
incubation at room temperature, the absorbance was measured at 540 nm. Two
fold dilutions of sodium nitrite in the same medium as the experimental samples
were used to generate a standard curve.

Reproducibility of data
Experiments were performed twice with a high degree of reproducibility.

Occasional unreproducible results (i.e. genes induced in one experiment and
repressed in the second and vice visa) are not presented.

Statistical analysis

Statistical significance was estimated with Student’s t-test for unpaired
observations. Results from repeated experiments were pooled and used for the
calculations in order to obtain the largest number of observations available for
evaluation of statistical significance. A p-value of < 0.05 was considered

significant.

RESULTS
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To examine the expression of the genes on the cDNA arrays, resting and TG-
elicited mouse PCs were left overnight to settle and were then infected with
HSV-1or HSV-2 at an m.o.i. of 1. After 24 hours of infection, total RNA was
harvested and analysed on the arrays. The data are presented as fold
induction/repression relative to mock infection. We used a 3 fold
induction/repression as the cut-off limit. Only gene expression levels
reproducibly found to be changed more than 3 fold by HSV infection are
presented. The lowest degree of induction/repression found in two independent
experiments is shown. The results therefore represent a conservative estimate
of how HSV-1and -2 infection affects expression of cytokine genes and genes
related to cytokine function in resting and inflammatory leukocytes.

The cDNA array used in this study was the commercially available Mouse
Cytokine Expression Array. This array allows detection of 514 genes encoding
cytokines, chemokines, and proteins related to their functions, including
receptors, adhesion molecules, integrins, tumour necrosis factor (TNF)
superfamily members, signal transduction proteins, and proteases. For a full list
of all the cDNA species on the array, visit the website
http://www.rndsystems.com.

Expression of cytokine genes and genes related to cytokine function in
resting PCs from C57BL/6 and BALB/c mice after HSV infection

The C57BL/6 mouse strain is relatively resistant to HSV infection, whereas the
BALB/c strain is susceptible [23]. In order to identify host factors that potentially
contribute to this phenomenon, we compared the expression of cytokines and
genes related to cytokine function in resting PCs from these two mouse strains
after HSV infection. Moreover, with the aim of characterizing the small, yet
clinically significant, differences between HSV-1and HSV-2 infections we also
compared the host response to the two HSV types.

Prior to the cDNA array analysis, the composition of the PC population was
characterized by Giemsa staining. We found that macrophages constituted 76%
of the cell population, while granulocytes and lymphocytes contributed with 4
and 20%, respectively. Moreover, the cells were indeed infected after exposure
to HSV as demonstrated by detection of immediate-early viral gene transcription
by RT-PCR (data not shown). However, the virus replicated poorly in the resting
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PCs, since only 11x 10° p.f.u of virus were recovered from the cell culture
supernatants 24 h after infection with 1x 10° p.f.u.

Figure 1shows the effect of HSV-1and -2 infection on gene expression in resting
PCs from C57BL/6 mice. Among the 514 genes analysed, only 14 were altered
more than 3-fold by HSV-1infection. By contrast, HSV-2 infection of resting PCs
from C57BL/6 mice altered expression of 36 genes by more than 3-fold. Among
the genes induced/repressed by both HSV-1and -2 (see Table 1) were the CC
chemokine RANTES/CCL5 and the TNF receptor Il (TNFRSF 1B). The induction of
RANTES expression was confirmed by ELISA (Figure 2a). A large group of genes
was induced or repressed more than 3-fold by HSV-2 infection but not by HSV-1
infection. However, HSV-1did, in most cases, affect expression levels of these
genes, but not beyond the 3-fold threshold. This emphasises the higher
stimulatory potency of HSV-2 than HSV-1. A few genes induced or repressed by
HSV-2 infection were not affected at all by HSV-1and vice versa. For instance,
nitric oxide synthase type 2 (NOS?/iNOS) was expressed at high levels in HSV-2-
infected but not HSV-1-infected PCs. This was confirmed by a NOS activity assay
(Figure 2b), which also illustrates that, in the presence of IFN-*, both viruses
stimulated NOS activity to the same extent.

We next examined how HSV-1and -2 infection of PCs from BALB/c mice affected
the expression of genes on the arrays. In parallel with what was found with PCs
from C57BL/6, HSV-2 was a stronger stimulator of gene induction/repression
than HSV-1in cells from BALB/c mice (Figure 3). However, the difference between
the two HSV types was not as large as that which was seen in C57BL/6 mice.
While HSV-1infection led to 3-fold induction/repression of 18 genes, HSV-2
infection affected the expression of 22 genes. Many of the genes that were
induced/repressed in HSV-infected cells from C57BL/6 mice were affected in the
same manner after HSV infection in resting PCs from BALB/c (Table 7). A
noticeably large portion of the TNF superfamily genes was similarly regulated in
HSV-infected PCs from the two mouse strains. However, a few genes were
differentially regulated between C57BL/6- and BALB/c-derived PCs. As an
example hereof, PCs from C57BL/6 mice up-regulated expression of
RANTES/CCL5, whereas PCs from BALB/c mice did not (Figure 2a).

Kinetics of gene expression in HSV-infected, resting PCs from BALB/c mice
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The results shown above in 7Table Twere obtained for RNA from cells infected for
24 hours. Since induction/repression of some genes may have peaked at earlier
time points, we decided to do a time-course experiment to follow how
expression of the genes on the cDNA array developed during the first 24 hours
after HSV-2 infection. We chose to do the experiment with resting PCs from
BALB/c mice. The results are presented in Table 2. With very few exceptions, the
genes affected after 24 hours of HSV-2 infection are identical to those
presented in Table 1. Most mMRNA species found to be affected after 24 hours of
infection, started to accumulate/decline after 8 hours. For all of these genes, the
maximal effect was observed after 16 or 24 hours of infection. Two notable
exceptions are apparent, namely TNF-* and IFN-3. They were induced within the
first 3 hours of infection, peaked soon after, and were down-modulated to basal
levels after 24 hours of infection. These results therefore show that assessment
of gene expression 24 hours post-infection allows detection of most HSV-
regulated genes in resting PCs. However, the induction, expression, and down-
modulation of a small subset of genes, is already complete within 24 hours.

Expression of genes for cytokines and cytokine-related functions in HSV-
infected inflammatory leukocytes from C57BL/6 and BALB/c mice

The experiments presented above were performed on populations of resting
PCs. For comparison, we also examined how HSV-1and -2 infection affected
gene expression in PCs elicited by TG (TG-PCs). TG injection into the
peritoneum elicits an inflammatory response characterized by an initial influx of
neutrophils followed by recruitment of macrophages, which phagocytose the
apoptotic neutrophils [24]. When harvested 5 days after TG injection, the PC
population consisted of 89% macrophages, 6% granulocytes, and 5%
lymphocytes.

When comparing the response of TG-PCs from C57BL/6 and BALB/c mice to HSV
infection, we observed that the difference between the two mouse strains is
much less apparent than after HSV infection of resting PCs (compare Table 3
with Table 7). Many of the genes displaying differential expression in HSV- versus
mock-treated resting PCs behaved in the same way in TG-elicited PCs. However,
another set of genes, which was not affected by HSV infection in resting PCs,
was induced/suppressed in TG-elicited PCs. This group contains IL-11, IL-12 p40,
monocyte chemoattractant protein-1 (MCP-1), and caspase-1, which cleaves
pro-IL-18 and pro-IL-18 to generate bioactive cytokines [25]. The induction of
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expression of IL-12 p40 and MCP-1 after HSV infection of TG-PCs, but not resting
PCs, was confirmed by ELISA and RT-PCR, respectively (Figure 2c and d).

Finally we found that viral infection of TG-elicited PCs did not alter the
expression of a subset of genes that was affected by HSV infection of resting
PCs. For instance, expression of the TNF superfamily members THANK and OX40
was not changed after HSV-2 infection in TG-PCs, which is in contrast to that
which is observed after HSV-2 infection of resting PCs.

DISCUSSION

In the present study, we have examined the expression of genes encoding
cytokines and proteins related to cytokine function during HSV-1and -2
infection of resting leukocytes and TG-elicited macrophages from mice. We
examined cell populations from both the relatively resistant C57BL/6 mouse
strain and the relatively susceptible strain BALB/c. The key findings of this study
are discussed below.

First, a number of genes are induced in both resting and TG-elicited PCs from
both mouse strains. These include proteins previously reported to support
antiviral defense, such as IL-15, IL-18, and STAT1[21, 26, 27] as well as proteins
yet to be studied in the context of viral infections (e.g. integrin B5). Itis
interesting to note that HSV-infected leukocytes upregulate the expression of
STATT, thus enhancing the responsiveness to IFN-*, which starts accumulating 2
days after infection [28].

An important conclusion from this work is that resting PCs from C57BL/6 mice
react with a more vigorous proinflammatory response to HSV infections than do
resting PCs from BALB/c mice. We have identified specific genes that are
induced/repressed differentially in the two mouse strains after HSV infection.
Some of these may be important for the establishment of an efficient immune
response. For instance, the CC chemokine RANTES/CCL5 was induced in PCs
from C57BL/6 mice but not from BALB/c mice. This may imply arole for RANTES in
the host response against HSV infections. At least two roles for RANTES are
possible. First, the chemokine could stimulate the immune response by
attracting leukocytes to the infected area. Second, RANTES has been reported
to directly promote Th1differentiation, and through this route support the
antiviral defense [29]. As to the cellular source of RANTES, results from this
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laboratory have shown that macrophages produce large amounts of this
chemokine after HSV infection [30].

A third finding of this study is that HSV-2 infection generally affected expression
of cytokines and cytokine-related genes more than HSV-1infection (see Table 4
for comparison of gene expression in cells infected with HSV-1and HSV-2). This
phenomenon was not restricted to the two virus strains used in the array
experiments since four HSV-1 strains (17+, KOS, F, HFEM) all stimulated
expression of RANTES, IL-12p40 and NOS? less potently than the two HSV-2
strains MS and 333 (data not shown). The subset of genes differentially
regulated by HSV-1and -2 infections may provide important information about
the subtle differences between the pathogenesis of some HSV-1and -2
infections [4-6]. The observation that HSV-2, but not HSV-1, induced NOS,
expression in resting PCs from C57BL/6 mice is interesting. In the presence of
large amounts of IFN-*, however, this and previous studies have shown that both
types of HSV promote NOS2 activity [31]. Together with reports that NOS2 plays
arole in neurological damage [32] and that the neurological sequelae are much
more severe after neonatal HSV-2 than HSV-1infection [33], our finding may
suggest arole for NO in this observed difference in pathogenesis.

A fourth group of genes was found not to be affected by HSV infection in resting
PCs, but to be induced or repressed in TG-elicited PCs. This latter cell population
is highly enriched in inflammatory macrophages [24]. IL-12 p40 represents one
such gene. Macrophages have previously been shown to produce large amounts
of this subunit of IL-12 and IL-23 after HSV-2 infection [34], and there is ample
evidence supporting a beneficial role of IL-12 p40 in clearance of HSV-1and -2
infections [21, 35, 36].

When examining the kinetics of expression of the genes represented on the
cDNA array, we found that they fall into two classes. The first class of genes,
consisting only of TNF-* and IFN-3, was induced within 3 hours of infection,
peaked early, and returned to basal levels of expression after 24 hours. Genes
belonging to this group are induced by mechanisms involving viral glycoproteins
and virus-induced events occurring immediately after viral entry into the cell

[11]. For the second class of genes, expression was affected by HSV after 8 hours
of infection and throughout the 24 hours of the experiment. This group included
all the remaining HSV-regulated genes on the array. There are at least two
possible reasons why expression of these genes is affected with a delayed
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kinetics relative to the first class. Firstly, it is possible that the viral replication
cycle has to reach a certain stage before induction/repression is initiated, as
previously shown for induction of RANTES expression [30]. Secondly, expression
of some of the genes in this group is regulated by genes from the first group of
HSV-regulated genes. For instance, HSV-2-induced expression of NOS?/iNOS in
macrophages is dependent on autocrine expression of TNF-* [37].

In this work the peritoneal cell populations were not sub-fractionated and we
therefore do not know which cell types are responsible for expression of the
MRNA species found to be differentially expressed after HSV infection.
Moreover, with the virus concentration used in this study, some cells remain
uninfected. Therefore, we still have to learn how this cell population contributes
to expression of proinflammatory genes after HSV infection.

CONCLUSION

In conclusion, this work has identified a number of genes encoding cytokines
and proteins related to cytokine function that are induced or repressed after
HSV infection of leukocytes. Further studies are required to identify their roles in
clearance of HSV infections and in viral pathogenesis and pathology.
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Figure 1

Effect of infection with HSV-1and -2 on the expression
of genes encoding cytokines and proteins related to
cytokine function in resting PCs from C57BL/6 mice.

The relative levels of expression of the genes represented
on the cDNA array were quantified and plotted as shown.
The diagonal lines in the graphs represent 3-fold changes
in expression levels relative to mock infection. a: HSV-1
infection versus mock infection. b: HSV-2 infection versus
mock infection.
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Figure 2

Production of RANTES, nitric oxide, IL-12p40, and MCP-
1during HSV infection of peritoneal cells.

a: Resting PCs from BALB/c and C57BL/6 mice were
infected with HSV-10r -2 (m.o.i. 1) or treated with mock
preparation. Twenty-four hours later, supernatants were
harvested and analysed for the presence of RANTES
protein by ELISA. Results are shown as means of triplet
cultures + SEM. b: Resting PCs from C57BL/6 mice were
stimulated with IFN-* (10 IU/ml) and infected with HSV-1or
-2 (m.o.i. 1) or treated with mock preparation as indicated.
Fourty-eight hours later, supernatants were harvested
and analysed for NOS activity by the Griess assay. Results
are shown as means of triplet cultures (+ SEM. * p < 0.05;
o, p > 0.05. ¢: PCs from untreated or TG-treated BALB/c
and C57BL/6 mice were infected with HSV-2 (m.o.i. 1) and
incubated for 24 hours. Supernatants were harvested and
IL-12 p40 content was quantified by ELISA. Results are
shown as means of four cultures + SEM. BD, below
detection limit. d: PCs from untreated or TG-treated
C57BL/6 mice were mock-treated or infected with HSV-2
(m.o.i. 1). After the indicated times of infection, total RNA
was harvested and MCP-1and 3-actin was measured by
RT-PCR.
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Figure 3

Effect of infection with HSV-1and -2 on the expression
of genes encoding cytokines and proteins related to
cytokine function in resting PCs from BALB/c mice.

The relative levels of expression of the genes represented
on the cDNA array were quantified and plotted as shown.
The diagonal lines in the graphs represent 3-fold changes
in expression levels relative to mock infection. a: HSV-1
infection versus mock infection. b: HSV-2 infection versus
mock infection.
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Table 1

Effect of HSV-1 and -2 infection on gene expression in resting peritoneal cells from CS7BL /6 and BALB/c mice?

Induction ratio (HS Vimock)®

[nduetion ratio (H3 Vimock)

C57BEL/fS BAILE/c
Cene group Cene mame HEV-1 HEV-2 HEV-1 H3V.2

Cytolires Chceos tatm W 6.75 120 17 1.73
PDGE- 1.00 2m 131 1.67
PDGF-a 09 103 455 1.08
Cs teopontin 055 073 013 o
IL-15 1.19 338 103 1.28
IL-16 1.85 388 24 346
IL-18 1.79 303 255 305
Ctolare receptors IL-1 receptor 1 1.75 3585 oez 1.03
IL-1 receptor antagomst 1) 3I8 1.00 1.34
IL-2Ey 1.29 Efue) 112 1.23
[L-6Fo 20 457 13 1.80
IL-18E 24 3da0 187 28
Clemokines RANTES/CCLS 785 953 139 1.42
BCA-1/CXCLI]3 T04 30= (=) 1.23
Eotaxin/CCLI1 EDec ED 0= 0.8

MCP-1/CCL2 ED ED (1)4) oz
Clemokine receptors Da 0.47 028 075 0E
CCEB8 024 1.24 134 1.17
THF superfamily TEAIL/TNFSFIO 23 402 214 357
THANES/TNF SF1 3B oet 0zs 400 4.66
THNFREITHNF5F1 A 1.687 215 3a7 217
TWFRIITHNFESFIB 530 1225 2131 415
LTERTNFESE3 18 622 211 320
CX40'THNFESF4 1.3z 604 185 322
Fas/TNFE.SFa 1.05 430 211 37
RANES/TNFE.SFa 21z 1.45 a7 223
TGE- superfamily EMP-3 1.15 33 381 223
EMP-4 030 3.6l 1 247
ALE:] 1.687 182 33 240

Inhibin A 1.00 266 0&7 1.21

Adhesion proteins VCAM-1 3.07 138 2487 211
VAD-] 305 230 (2] 1.05
Binding proteins IGF binding protein 2 0.31 017 078 1.
Hip 18 168 35 318
WIF-1 1.42 39 276 380
Cell swface [roteins Toll-like receptor 2 257 35 148 234
Calectin-9 1.38 085 470 418
Sigmal wransduction JTak™ 343 485 215 27
SMADS 1.42 3 25 418

SMADY 213 15 im: 381
STAT1 330 380 322 344
Developmental factors SLIT-1 3.10 0.78 405 0
EGF family EibBZ 313 23 325 205
Eph family Eplrin-B2 23 338 228 322
FGF family FGF receptor 1 1.64 358 158 241
FGE.-1 1.14 104 318 247

Integrins Integrin-o5 407 1807 317 311
Integuin-p2 1.49 464 020 0.0
Integrin-p4 oor 554 1.1a 1.23

Newotiophic growp CHTF 332 27l 332 27
Neurtunin 23l 183 283 370

NO metabolism NOSYINOS 0os 6.11 1.0 20
Proteases and 1elated factors BEMP-1 240 348l 4.5 493
Weight regulation Leptin receptor 120 314 1.19 2.15
NPY Y5 1.0z 318 35 211

* Eesting peritoneal cells were treated with mock preparation or infected with HSWV-1 or 2 at a m.oi of 1. Twenty-four hows later total

ENA we isolated, cleared for potential DNA contamination and analysed for the presence of specific mENAs wsing cDNA amays.

b Normalized mENA levels from infected cells were compared against the levels in mock-treated cells and -fold induction was calculated.

The figures are shown = mENA levels in infected cells relative to mock-infected.
= BD, below detection limit after 30 days of exposwre.
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Table 2

Kinetics of expression of genes encoding cytokines and proteins related to cytokine function after HSV.2 infection
in resting peritoneal cells from BALB/c mice?

JLE — European Cytokine Network — Expression of genes for cytokines and cytokine-related functions in leukocytes infected...

Induction ratio (HSV-2/mock)®
Cene goup Cene name 3h gh lah 24h
Cytoldres Os teoportin 1.17 0= 0.20 0.15
IFH- 2.40 511 208 1.42
IL-5 1.07 1.57 301 275
IL-16 0.74 208 271 541
IL-18 1.42 1.73 379 28
Ctolare receptons IL-EF.e 0o 1.31 3.44 241
Clemolkines Eofaxin/CCL11 1.21 0.5 0.44 0.9
MCP-1/CCL2 1.05 0.7 0.73 0.33
THF superfamily THF-o/THFSF2 403 24 1.07 0.7
TEAIL/THNFSFLO 0.5 1.07 33 403
THANI/TINF 8F1 3B 0.8 471 480 455
THFEIITNFESFIB 1.21 o 311 408
LTETNFEESEF3 1.01 219 342 331
OX40THFESF4 0.7 203 401 4.40
Fas/THFE.3Fo 1.49 290 33 34
EANE/TNFESF11 A 063 2.44 3 2.7
TGE- superfamily EMP-3 122 2.dal 3.11 3.0
Binding proteins WIE-1 1.ar 270 35 3.65
Cell swiface rotems Calechn-9 120 I 4.00 473
Sigmal transduction SMADS 0.9 50 370 4722
SMADM 2o S.4a 373 569
STAT1 131 1.75 351 547
Eph family Eplrin-B2 113 2901 371 397
Integrins Integrin-c5 0oe 203 4.07 419
Integrin-A2 123 (] 0.1e 0.24
MNewotiophic growup CHTF 0ol 199 3.14 Im
Mewrturin 153 27 311 403
Proteases and 1elated factors EMP-1 1.14 533 501 483

* Eesting pentoneal cells were treated with mock preparation or infected with HSWV-2 at am.oi. of 1. After the indicated fimes of infection,
totel ENA was isolated, cleared for potential DNA contamination and analysed for the presence of specific mENAs using cDNA artays.

b Nommalized mENA levels from infected cells were compared against the levels in mock-treated cells and -fold induction was calculated.
The figures are shown s mENA levels in infected cells relative to mock-infected.

https://lwww.jle.com/en/revues/ecn/doc/expression-of-genes-for-cytokines-and-cytokine-related-functions-in-leukocytes-infected-with-herpes-si. .. 23/28



2026/10/21 10:50 JLE — European Cytokine Network — Expression of genes for cytokines and cytokine-related functions in leukocytes infected...

Table 3
Effect of HSV-1 and -2 infection on gene expression in TG-elicited peritoneal cells from BALB/e and C57BL/6 mice
Induction mto (HSV /mock)® Induction ratio (HSV fmock)
C57ELA& BAIB/c

Gene group Gene name HEV-1 HEV-2 H3V-1 HEV-2
Cytokires PDCF-o a7 1.53 417 24
IL-lex 390 375 301 53
IL-11 313 420 501 608
IL-12 pd0 340 420 6.53 e
IL-15 1.25 525 07e 116
IL-16 133 378 1.93 472
IL-18 1.20 3.a0 1.43 420
Cytoldire receptors MCSF R 314 165 392 243
IL-] receptor antagonist 322 7.00 401 337
IL-ZRy 500 320 203 337
Clemoldanes RANTES/CCLS 470 7.60 1.87 1.91
MCP-1/CCL2 oq0 12.00 320 37
Clemoldne receptors CCES 020 3.10 103 138
TNF superfamily TRAIL/THNFSFIO 304 418 420 416
THNFRIVTHNFESF1IB 420 413 28 319
LTEWTHNFESF3 325 515 293 40
Fas/TNFE 8F6 26l 403 204 320
Apoptesis-1elated proteins Caspase-1 40 530 431 4.40
Cell swiface proteins Calectin-9 457 442 305 EWE
Sigral tremsduction STAT1 317 3480 4723 3o
Developmental factors SLIT-1 957 1.71 503 1.0
WHT-3a 30 388 27 1.30
FGF family FGF-1 1.78 300 1.01 1.05
Integrins Integrin-o5 3480 4.20 4.49 57
Integrin-f2 0=z 032 0.I1 017
MO metabolism MNOESYINOS 0.8 383 0o 311
PN 340 380 1.30 27
Proteases and 1elated factors MMP-12 017 015 031 oIz

* Eesting peritoneal cells were treated with mock preparation or infected with HEW-1 or 2 at a m.oi of 1. Twenty-four howrs later total

ENA was 1solated, cleared for potential DNA contamination and amalysed for the presence of specific mENAs wing cDNA amays.

b Nonnalized mENA levels from infected cells were compared against the levels in mock-treated cells and -fold induction was caloulated.

The figures are shown = mENA levels in infected cells relative to mock-infected.
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Table 4

Comparison of gene expression in cells infected with HSV-1 versus HSV.2

Classes of HEV-1egulated genes

Mouse strain (Cell population)

Genes induced by both HSV.1 and HEV-2
Ctoldres

fﬂDlﬂl‘E receptors
mokines

THF superfamily

Apoptosis-related
Slgrﬁl fransduction

Integrins
Bmding proteins

Cell swface roteins
MO metabolism
Proteases

Genes suppressed by both HEV-1 and HSV-2

Crytokines

Integrins

Bimding proteins

Proteases

Genes induced by HSV-1 but not HSV-2
Cytoldres

C lare receptons
F superfamily

TGF-f superfamily
Adhesion proteins

Developmental factors

FGF family

EGF family

Newotiophic group

Weight = EEDH

Genes induced by HSV-2 but not HEV-1
Cytolires

Cytoldre receptons

Clemolane receptors
THF superfamily

TGF-f superfamily

Cell swface [roteins
Binding proteins
Sigmal tramsduction

Eph famil
FI%F family

Integnins

MNewotiophic group
HNO metabolism
Proteaszes

Weight regulation

Genes suppressed by H3V-1 but not H3¥2
Clemokine receptors

Genes suppressed by HSV.2 but not HS¥1
Clemoknes

Clemolkine receptors
THF superfamily

IL-law

IL-1 receptor antagonist
IL-11

IL-12p40

IL-7F}
MCP-{."CCLZ
RANTES/CCLS
BCA 1/CHCLI3
TRAIL/THFSFIO
THANK/TINF 5F1 3B
THFRI/THFESFIB
LTEWTHFESF3

Caspase-1

] aldjas
STATI
Integnn—o'.ﬁ

WfIT Sa

Calectin-2
PIN
BMP-1

Dstenl:mmn

Inte 111';43

1 mg protein-2
MKMP-12

Cncos tatm W

PDGF o

MCSF R
THFEITHFESFLA
FANE/TNFESFL1A
EMP-3

AT F-]
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