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Abstract

Since previous results showed that interleukin 8 (IL-8) was induced in rainbow trout (Oncorhynchus mykiss) in response to viral hemorrhagic
septicemia virus (VHSV) infection, we have cloned IL-8 in an expression vector (pIL8+) and studied its possible adjuvant effect on the early
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esponse to a VHSV immunization model, focusing on the early response of several cytokines induced by a vector coding for the glycoprotein
f VHSV (pMCV1.4-G) in the spleen and head kidney. First, we demonstrated that the pIL8+ successfully transcribed IL-8, by induction
f IL-8 transcription in the muscle and blood, and by a massive infiltration of neutrophils at the muscle inoculation site. We have studied
he effect of pIL8+ co-administration on the expression of two pro-inflammatory cytokines, such as IL-1� and tumour necrosis factor �
TNF-�); cytokines that have mainly an inhibitory role, IL-11 and transforming growth factor � (TGF-�); and a Th1 type cytokine, IL-18.

e demonstrated that the co-administration of pIL8+ with pMCV1.4-G modulates the cytokine response that is induced, mainly by having
ts effect increasing pro-inflammatory cytokines (IL-1� and TNF-�1), with a greater impact on the spleen, and to a lesser extent in the head
idney. All these data suggest that IL-8 is able to modulate the early cytokine immune response that is produced in response to a DNA vaccine,
nd therefore, might be a potential immune adjuvant in fish viral vaccination. More work should be done to determine if this modulation has
beneficial effect on protection as seen in other mammal viral models.
2006 Elsevier Ltd. All rights reserved.
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. Introduction

In the past years, genetic vaccination (DNA vaccines)
gainst fish rhabdovirus, both infectious hematopoietic
ecrosis virus (IHNV) and viral hemorrhagic septicaemia
irus (VHSV), has proved very effective using expression
lasmids coding for the glycoprotein (G) of these viruses
1–3]. Even though, the mechanisms through which they
onfer protection are still unclear [4,5], non-specific defence
echanisms, that could be up-regulated through the use of

djuvants, are thought to have an important role [5–7]. Fur-
hermore, there are some aspects such as the route of delivery
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or the cost of vaccination that could be considerably reduced
through the use of adjuvants.

In mammals, chemokines are among the adjuvants
more widely used for vaccination against viruses [8–10].
Chemokines are a superfamily of cytokines, produced by dif-
ferent cell types, that have among other functions, chemoat-
tractant properties. The chemokine superfamily is divided
into four subfamilies, depending on the arrangement of the
first two conserved cysteines in their sequence: CXC, CC, C
and CX3C classes, which in mammals have 28, 16, 2 and 1
known members, respectively [11]. They have been recently
catalogued as a new class of “intelligent” adjuvants for vac-
cines, being able to finely tune protective immune responses
by recruiting specific cell types to the site of immunization
[9]. These chemokines may be administered in independent
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plasmids, together with the DNA vaccine plasmid [12–15],
or fused to the antigen [16].

Interleukin 8 (IL-8) is a CXC chemokine produced by
numerous cell types. In mammals, it is known to be produced
by macrophages/monocytes, epithelial cells, neutrophils,
fibroblasts, and endothelial cells upon infection or stimulated
by cytokines such as IL-1� and tumour necrosis factor �
(TNF-�) [17,18]. Being a CXC chemokine, IL-8 predom-
inantly promotes the recruitment of neutrophils, inducing
also their activation characterized by the activation of the
leukotriene pathway [19], by the release of their granular
content [20,21], and by their increased adherence to endothe-
lial cells and nitric oxide production [19,22]. IL-8 is also
a chemoattractant for other cell types such as basophils, T
lymphocytes, and NK cells, and also enhances permeabil-
ity of endothelial cells [18,22,23–25]. In mammals, some
studies have focused on the potential use of IL-8 as an adju-
vant for DNA vaccination. For example, Kim et al. [12]
determined that IL-8 administration increased the antibody
response and enhanced T helper proliferation. In a further
study, IL-8 co-administration significantly increased the lev-
els of Th1 cytokines such as IL-2 and IFN-�, and of other
chemokines such as RANTES (regulated on activation, nor-
mal T cells expressed and secreted) or monocyte chemotactic
protein 1 (MCP-1) [26]. All these results demonstrate the
capacity of IL-8 to modulate cytokine production in vivo
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2.2. Plasmid constructions

A PCR product encoding the entire open reading frame of
IL-8 (excluding the stop codon) was cloned into the expres-
sion vector pcDNA3.1/V5-His-TOPO according to manu-
facturer’s instructions (Invitrogen). Primers full-IL-8F (5′-
AAGATGAGCATCAGAATGTCAGCCAG-3′) and full-IL-
8R (5′-TTTGTTGTTGGCCAGCATCTTCTCAA-3′) were
used to obtain a PCR product encoding the entire open
reading frame of rainbow trout IL-8 from a cDNA sample
obtained from the spleen of a VHSV-infected trout obtained
as previously described [32]. The PCR product (8 �l) was
visualised on a 2% agarose gel stained with ethidium bro-
mide, and a single band of 294 bp corresponding to the
expected amplified product was observed. The non-purified
PCR product (4 �l) was directly ligated into pcDNA3.1/V5-
His-TOPO according to manufacturer’s instructions. The
reaction was used to transform One Shot TOP10 Escherichia
coli cells (Invitrogen). Clones containing a full-size insert
were identified by PCR screening, and the proper orientation
was verified by sequencing. The resulting construct was des-
ignated as pIL8+. A construct in which the IL-8 product was
cloned in the opposite orientation was designated as pIL8−
and used as a negative control.

The pMCV1.4-G plasmid used, consisted in the gly-
coprotein gene of VHSV under the control of the long
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nd thus drive the immune response to either a Th1 or
Th2 response, which is of great importance for protec-

ion.
In fish, IL-8 has been characterized in lamprey, Lampetra

uviatilis [27], Japanese flounder, Paralichthys olivaceous
28] and rainbow trout, Oncorhynchus mykiss [29–31]. How-
ver, an understanding of the biological role of IL-8 has not
een yet achieved in any of these species. It is known that,
s in mammals, IL-8 is induced in response to LPS [28,29],
oly I:C [29] or virus infection [32].

In the current work, we have focused on the effect that rain-
ow trout O. mykiss IL-8 co-administration has on the non-
pecific immune response to a construct coding for the gly-
oprotein of VHSV (pMCV1.4-G), by studying its effect on
he expression of different pro-inflammatory cytokines (IL-
� and TNF-�1), cytokines that have mainly an inhibitory
ole (IL-11 and transforming growth factor �, TGF-�), and
Th1 type cytokine, IL-18.

. Materials and methods

.1. Fish

Rainbow trout (O. mykiss) of approximately 8–10 cm
btained from Lillogen (Leon, Spain) were maintained at the
entro de Investigaciones en Sanidad Animal (CISA-INIA)

aboratory at 14 ◦C and fed daily with a commercial diet
Trow, Leon, Spain). Prior to the vaccination experiments,
sh were acclimatised to laboratory conditions for 2 weeks.
ytomegalovirus (CMV) promoter, previously described
33]. The pMCV1.4-G contained additional 218 bp upstream
f the 687 bp enhancer sequences of the regular CMV pro-
oter and an intron. pMCV1.4 was smaller than its pre-

ursor pMOK by deleting ∼1 Kbp of unnecessary bacterial
equences (Ready Vector, Madrid, Spain).

.3. pIL8+ transcription and histology

The transcriptional activity of pIL8+ was determined by
tudying the expression of IL-8 in different organs after
he injection of the plasmid, and through histological tech-
iques.

For determining in which organs IL-8 was transcribed after
he injection of the pIL8+ plasmid, fish were intramuscularly
njected with either the pIL8+ construct (0.5 �g in 100 �l of
BS per fish); the same amount of the construct used as nega-

ive control, pIL8−; or with the same volume of PBS. After 1
nd 3 days post-injection, fish were killed and blood, muscle,
ead kidney, spleen and liver sampled for RNA extraction.
n RT-PCR procedure previously described [32] was used to
etect the transcription of IL-8.

Muscle samples were also taken from these fish for his-
ology. Samples from the inoculation point, including skin
nd dorsal musculature were taken and fixed in Bouin’s fix-
tive during 18 h for histopathological study. After fixation,
amples were rinsed in 70% ethanol and dehydrated through
graded series of ethanol to xylol and embedded in paraffin
ax. Sections of 4 �m-thick were cut and stained routinely
ith hematoxilin and eosin (H & E).
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2.4. Injection of pMCV1.4-G and pIL8+ into rainbow
trout muscle

In order to determine whether IL-8 could alter the immune
response to pMCV1.4-G, fish were intramuscularly injected
in the presence or absence of pIL8+. For this, fish were
divided into five groups with 20 trout each and intramus-
cularly injected with one of the following treatments: (group
1) 100 �l of PBS; (group 2) 100 �l of PBS containing 0.5 �g
pMCV1.4-G plasmid DNA per fish; (group 3) 100 �l of PBS
containing 0.5 �g pMCV1.4-G and 0.5 �g pIL8− per fish;
(group 4) 100 �l of PBS containing 0.5 �g pMCV1.4-G and
0.5 �g pIL8+ per fish or (group 5) 100 �l of PBS with 0.5 �g
pIL8+ per fish.

At days 3, 7 and 10 post-injection, five trout from each
group were killed and spleen and head kidney removed. No
fish were sampled from group 5 at day 10, since a previous
experiment showed that injection of pIL8+ had no effect at
this point on the level of cytokines.

2.5. cDNA synthesis

Total RNA of the different organs was extracted using Tri-
zol (Invitrogen). Organs were homogenised in 1 ml of Trizol
in an ice bath, and mixed with 200 �l of chloroform. The sus-
p
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in diethylpyrocarbonate (DEPC)-treated water and stored at
−80 ◦C.

Two micrograms of RNA were used to obtain cDNA using
the Superscript II reverse transcriptase (Invitrogen). Briefly,
RNA was incubated with 1 �l of oligo (dT) 12–18 (0.5 �g/ml)
and 1 �l 10 mM dinucleoside triphosphate (dNTP) mix for
5 min at 65 ◦C. After the incubation, 4 �l of 5× first strand
buffer and 2 �l 0.1 M dithiothreitol (DTT) were added, mixed
and incubated for 2 min at 42 ◦C. Then, 1 �l of Superscript
II reverse transcriptase was added and the mixture incubated
at 42 ◦C for 50 min. The reaction was stopped by heating at
70 ◦C for 15 min, and the resulting cDNA was diluted in a 1:5
proportion with DEPC-treated water and stored at −20 ◦C.

2.6. PCR of IL-1β, TNF-α1, IL-11, TGF-β and IL-18

All amplification reactions were performed using 0.5 �l
dNTP mix (10 mM each), 0.2 �l Taq polymerase (5 units/�l,
Invitrogen), 2.5 �l Taq 10× buffer, 0.75 �l MgCl2 50 mM,
0.5 �l of each primer (50 �M) and 1 �l of cDNA in a final
volume of 25 �l. First, a PCR with primers for glyceraldehyde
3-phosphate dehydrogenase (GAPDH) was performed with
all samples as a positive control for RT-PCR, since GAPDH
is constitutively expressed in all organs. These PCR prod-
ucts also allowed the verification that equivalent amounts of
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ension was then centrifuged at 12,000 × g for 15 min. The
lear upper phase was aspirated and placed in a clean tube.
ive hundred microliters of isopropanol were then added, and

he samples were again centrifuged at 12,000 × g for 10 min.
he RNA pellet was washed with 75% ethanol, dissolved

able 1
rimer sequences, sizes of PCR products and amplification conditions for th

ene Primers S
pr

APDH
F: 5′-ATGTCAGACCTCTGTGTTGG-3′ 51
R: 5′-TCCTCGATGCCGAAGTTGTCG-3′

L-1�
F: 5′-AGGGAGGCAGCAGCTACCACAA-3′ 35
R: 5′-GGGGGCTGCCTTCTGACACAT-3′

NF-�1 F: 5′-TTCGGGCAAATATTCAGTCG-3′ 43
R: 5′-GCCGTCATCCTTTCTCCACT-3′

L-11
F: 5′-TCAACTCCCTTGAGATGAGACC-3′ 27
R: 5′-TCCTGGGAAGACTGTAACACATC-3′

GF-�
F: 5′-AGACTCTGAATGAGTGGCTGCAAG-3′ 48
R: 5′-CTCCAAGACCTGTGGAACACAGCA-3′

L-18
F: 5′-AGCAGCTCCGAATGTAAGGTG-3′ 38
R: 5′-AGGCAAAGGTTGCTCCAGTG-3′
DNA were present in the different samples and therefore
mplifications of the different immune genes were compara-
le among samples.

Primers used for gene amplification, and the sizes of the
ifferent PCR products are shown in Table 1. All PCRs were

ent genes studied

CR
bp)

Number of
cycles

Cycling conditions Reference

25 94 ◦C 30 s [34]
58 ◦C 30 s
72 ◦C 1 min

28 94 ◦C 30 s [35]
60 ◦C 30 s
72 ◦C 30 s

10 94 ◦C 1 min [36]
60 ◦C 1 min
72 ◦C 20 s

25 94 ◦C 1 min
60 ◦C 1 min
72 ◦C 20 s + 1 s per cycle

33 94 ◦C 30 s [37]
52 ◦C 30 s
72 ◦C 30 s

29 94 ◦C 30 s [36]
60 ◦C 30 s
72 ◦C 1 min

35 94 ◦C 20 s [38]
60 ◦C 20 s
72 ◦C 20 s
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carried out in a Perkin-Elmer 2720 cycles and amplification
conditions always consisted in a denaturing step of 94 ◦C
for 5 min followed by the different specific cycling condi-
tions shown in Table 1 followed by a final extension of
7 min at 72 ◦C. For each gene, after optimising the conditions
following protocols described previously and referenced in
Table 1, at least two PCRs with different number of cycles
were performed in order to determine at which point of the
amplification differences were evident among samples. Once
the optimal number of cycles (Table 1) was determined, all
samples were amplified twice to verify the results. The PCR
products (8 �l) were visualised on a 2% agarose gel stained
with ethidium bromide. Samples that were to be compared
were always run in the same agarose gel. A 100 bp ladder
was used as a size marker. The intensity of the amplification
bands was estimated using Image Gauge version 4.0 software
(Fujifilm). Semi-quantitative analysis of mRNA transcription
for each gene was performed relative to the GAPDH expres-
sion of the same sample using the formula: intensity of target
gene band/intensity of its corresponding GAPDH band. Data
were then analysed using Student’s t-test and differences were
considered statistically significant at p < 0.05.

3. Results
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3.2. Effect of the injection of pIL8+ on the IL-1β and
TNF-α1 response to pMCV1.4-G

In the spleen, pMCV1.4-G by itself, at the concentra-
tion used, was not capable of significantly inducing IL-1�
expression, neither alone nor in combination with the control
plasmid pIL8− (Fig. 3A). However, when pIL8+ was admin-
istered together with pMCV1.4-G, an increase of IL-1� was
observed at days 3 and 7. This increase was significant when
compared to mock-injected controls and when compared to
the group injected with pMCV1.4-G in combination with the
pIL8− control plasmid. At day 3, a significant induction of
IL-1� was also observed in fish treated with the pIL8+ plas-
mid alone.

In the head kidney, a significant IL-1� expression com-
pared to the control group was observed in the groups treated
with pMCV1.4-G in combination with pIL8− or with pIL8+
at day 10 (Fig. 3B). The effect observed was not significantly
different between these two groups.

The transcription of TNF-�1 was also studied in the
injected groups. In the spleen, a significant induction of
TNF-�1 was observed at day 3 only in fish injected with
pMCV1.4-G and pIL8+, as well as in fish treated with the
pIL8+ alone (Fig. 4A). At days 7 and 10, there was still some
induction, although it was not significant due to high individ-
ual variations.

k
a
h
i

3
T

I
�
t
e
a
h
w
n
w

F injectio
( 3) and a
fi tment th
.1. Transcriptional activity of IL-8 after pIL8+
ntramuscular injection

After intramuscular injection of pIL8+, an enhanced IL-8
RNA expression could be detected in the muscle (three

o four-fold) and blood (>five-fold) of the injected trout
Fig. 1). These increases, observed after 1 and 3 days, were
ot observed in either mock-infected controls or in animals
njected with the pIL8− control plasmid. In the case of head
idney, spleen and liver, the levels of IL-8 mRNA expression
ere not different in pIL8+ treated animals than controls.
Infiltration of leukocytes was observed surrounding mus-

le fibres nearby the inoculation points (Fig. 2). The infiltra-
ion was significantly higher in fish inoculated with the pIL8+
lasmid (Fig. 2B) than that observed in those inoculated either
ith PBS or with the pIL8− control plasmid (Fig. 2A). These

nfiltrating cells were mainly neutrophils but also some ery-
hrocytes and lymphocytes could be observed (Fig. 2C). In all
ases, some muscle fibres showed necrosis due to the needle
njury.

ig. 1. Expression of IL-8 transcripts in different organs after intramuscular
1) treated with the pIL8− control plasmid; (2) or with the pIL8+ plasmid; (
gure shows the results obtained in a representative fish after 3 days of trea
No effect on TNF-�1 expression was observed in the head
idney at days 3 and 7 post-injection (Fig. 4B). At day 10,
ll groups treated with pMCV1.4-G showed a significantly
igher TNF-�1 expression than controls, although no signif-
cant differences were observed among them.

.3. Effect of the injection of pIL8+ on the IL-11 and
GF-β response to pMCV1.4-G

The effect of pMCV1.4-G alone or in combination with
L-8 on two typically inhibitory cytokines (IL-11 and TGF-
) was assayed in the spleen and head kidney of the injected

rout. In the spleen, a significant induction of IL-11 mRNA
xpression, when compared to controls, was observed in
ll groups at day 3 post-injection (Fig. 5A). Although a
igher IL-11 expression was observed when pMCV1.4-G
as administered together with pIL8+, this expression was
ot significantly different than that observed in the group in
hich pMCV1.4-G was administered with the pIL8− con-

n of pIL8+ plasmid. Trout (N = 4 in each group) were either mock-infected:
fter either 1 or 3 days, the expression of IL-8 was assayed by RT-PCR. The
at were identical to those obtained 1 day post-treatment.
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Fig. 2. Histological staining (H&E) showing muscle tissue at the injection
site of fish inoculated with pIL8+ plasmid: (A) Control fish sampled at day
3 post-injection. Several necrotic muscular fibres can be observed due to
the needle injury but no leukocyte infiltration. Original magnification 200×.
(B) Inflammatory infiltration (i) surrounding muscular fibres (m) in the dor-
sal musculature (inoculation point) of an animal inoculated with pIL8+ and
sampled at day 3. Original magnification 200×. (C) Neutrophil (arrows)
infiltration together with some erythrocytes (arrowheads) in the dorsal mus-
culature (inoculation point) of an animal inoculated with pIL8+ plasmid after
3 days. Original magnification 400×.

trol plasmid. At day 10, a significant induction of IL-11 was
again observed only in the group treated with pMCV1.4-G
and pIL8+.

In the head kidney, at day 3, only the group injected with
pMCV1.4-G in combination with pIL8+ expressed IL-11
higher than controls (Fig. 5B). At day 10, all groups treated
with pMCV1.4-G showed an IL-11 expression significantly
higher than controls, although no significant differences were
observed among groups.

In the case of TGF-�, after 3 and 7 days, a significant
increase in the levels of mRNA expression in the spleen
was observed in all groups compared to the control group,
including the group treated with pIL8+ alone (Fig. 6A). The
TGF-� expression observed at these points in the group in
which pMCV1.4-G was co-administered with pIL8+ was sig-
nificantly higher than that observed in the group in which
pMCV1.4-G was administered with pIL8−.

Neither the effect of pMCV1.4-G nor the IL-8 adminis-
tration was observed in the head kidney at any of the time
points screened (Fig. 6B).

3.4. Effect of the injection of pIL8+ on the IL-18
response to pMCV1.4-G

Only the group co-injected with pMCV1.4-G and pIL8+,
and the group treated with pIL8+ alone showed a signifi-
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ant up-regulation of IL-18 mRNA expression in the spleen
hen compared to controls at days 3 and 7 post-vaccination

Fig. 7A).
On the other hand, a significant decrease of IL-18 mRNA

evels in comparison to control levels was observed in the
ead kidney of fish co-injected with pMCV1.4-G in combi-
ation with either pIL8− or pIL8+, as well as in the group
reated with the pIL8+ plasmid alone (Fig. 7B). At day 10,

significant up-regulation was in all groups injected with
MCV1.4-G.

. Discussion

During the past years, a great number of cytokine
equences have become available in fish allowing not only
he study of their regulation at a molecular level, but also
heir use as molecular adjuvants or immunostimulants. In
ddition, DNA vaccinology has proven to be very effective in
ontrolling some of the most devastating viral diseased such
s rhabdovirus [1–3], however, up to date, there are no studies
elated to the capacity of fish cytokines to act as molecular
djuvants in viral vaccination. Concerning bacterial vacci-
ation, recombinant carp IL-1� has shown to enhance the
ntibody response to an Aeromonas hydrophyla vaccine [39].
n mammals, the use of chemokines as molecular adjuvants
as had a special interest due to their chemoattractant prop-
rties [8–10,12–15].

In the current work, we have focused on the effect of
he co-administration of a rainbow trout recombinant IL-8
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Fig. 3. Effect of IL-8 co-administration on IL-1� expression in response to pMCV1.4-G. Levels of expression of IL-1� in spleen (A) and head kidney (B) of
mock-injected controls (group 1), fish intramuscularly injected with 0.5 �g of pMCV1.4-G (group 2), fish injected with 0.5 �g of pMCV1.4-G and 0.5 �g of
pIL8− control plasmid (group 3), injected with 0.5 �g of pMCV1.4-G and 0.5 �g of pIL8+ plasmid (group 4) or treated with pIL8+ plasmid alone (group 5).
Data are presented as mean relative expression ± S.D. for five individuals from each group. Mean values with an “a” are significantly different than that of
control mock-injected fish, while mean values with “b” are significantly different than the group treated with both pMCV1.4-G and the control plasmid pIL8−
(group 3).

gene on the non-specific early immune response towards an
VHSV DNA vaccine construct. Previous results indicated
that IL-8 is induced in response to VHSV infection [32],
thus suggesting its role in the defence against this virus.
The fact that IL-8 would be capable of modulating the early
cytokine response would suggest that, as seen in mammals,
this would have consequences on the immunogenicity of a
vaccine. We have focused on the effect of IL-8 on two typi-
cally pro-inflammatory cytokines such as IL-1� and TNF-�,
and a mainly inhibitory cytokine like TGF-�; but we also
wanted to include some of the most recently described rain-
bow trout cytokines such as IL-11 [37], which is also typically
inhibitory, and IL-18 [38], since the effect that a DNA vac-
cine may have on the regulation of these two cytokines has
never been studied.

We first determined whether the pIL8+ construct was tran-
scribed only in the muscle or it could travel to other organs.
DNA vaccines, once injected intramusculary, are thought to
be confined to the muscle [7]. We found that after intramus-
cular injection of pIL8+, IL-8 transcription could be detected
in the muscle, but also in the blood of injected trout for up to 3
days, as was described for other intramuscularly administered
chemokines [40], something that would lead to a greater sys-
temic response. We constructed the control plasmid pIL8− in
which the IL-8 ORF was cloned in the opposite orientation.
This plasmid was tested in parallel, and used as a control for
stimulatory effects that could come from CpG motifs that may
be present in the plasmid. pIL8− did not have an effect on
IL-8 transcription, and therefore constituted a good negative
control for further experiments. We have also verified that
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Fig. 4. The effect of IL-8 co-administration on TNF-�1 expression in response to pMCV1.4-G was determined as described in the legend of Fig. 3. Mean
values with an “a” are significantly (p < 0.05) different than that of control mock-injected fish, while mean values with “b” are significantly (p < 0.05) different
than the group treated with both pMCV1.4-G and the control plasmid pIL8− (group 3).

when pIL8+ was injected a greater cellular infiltration was
produced at the site of inoculation. Again, increased cellular
infiltration was not observed with the pIL8− control plasmid.
So far, the cells for which IL-8 is chemoattractant have not
been identified in fish. In our experiments, a great number
of neutrophils were attracted to the site of pIL8+ inoculation
as expected, however, we can not conclude that other cell
types such as T lymphocytes are not also attracted by this
chemokine as seen mammals [23]. Both the transcription of
pIL8+ and the attraction of neutrophils to the site of injec-
tion suggest that IL-8 is being correctly expressed in trout
muscle. Furthermore, fish injected with pIL8+ alone showed
a significantly higher IL-1�, TNF-�1, IL-11, TGF-� and IL-
18 expression in the spleen than controls at day 3 and also at
day 7 in the case of TGF-� and IL-18.

Once its bioactivity was verified, we studied the capacity
of pIL8+ to modulate the early cytokine response produced

towards a VHSV DNA vaccine construct. We focused on the
effect observed in the spleen and head kidney, since these
two organs are major sites of VHSV replication [41] and are
also the two main lymphoid organs in fish. Since, similar
rhabdoviral DNA vaccines [7] nor the pIL8+ are transcribed
in these organs, these effects will constitute part of a systemic
immune response, that will most probably have effects on
protection.

pMCV1.4-G by itself induced IL-1� and TNF-�1 mRNA
expression in the head kidney at day 10 post-injection,
although for IL-1�, it was only when administered with
the control plasmid pIL8−. In previous publications, the
induction of IL-1� in the spleen of rainbow trout was demon-
strated in response to Poly I:C, a typical INHV DNA vaccine,
IHNV [7] or VHSV [32], whereas TNF-� has only been
demonstrated to be induced in the spleen of rainbow trout in
response to IHNV [7]. In our experiments, pMCV1.4-G by
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Fig. 5. The effect of IL-8 co-administration on IL-11 expression in response to pMCV1.4-G was determined as described in the legend of Fig. 3. Mean values
with an “a” are significantly (p < 0.05) different than that of control mock-injected fish, while mean values with “b” are significantly (p < 0.05) different than
the group treated with both pMCV1.4-G and the control plasmid pIL8− (group 3).

itself was not capable of inducing significant levels of IL-1�.
This may be due to differences in promotor and glycopro-
tein sequences, but it seems probable that this difference is
explained by the fact that in our work we reduced the amount
of vaccine construct injected from 1 �g to 0.5 �g per fish.
However, this lower response allowed us to better interpret
whether IL-8 is able to modulate the expression of this and
the other cytokines.

We also found an effect of pMCV1.4-G on the expression
of IL-11, a cytokine recently identified in rainbow trout O.
mykiss [37]. Up to date, there is no information concerning the
role that this cytokine may play in antiviral defence in fish.
In mammals, IL-11 is an anti-inflammatory cytokine, that
inhibits the production of key immunostimulatory cytokines
by macrophages, including IL-1�, TNF-� and IL-12 [42]. IL-
11 is produced in response to virus [43], bacteria [44] and pro-
inflammatory cytokines such as IL-1� and TNF-�, or TGF-�

[45]. IL-11 also interacts with T cells, mainly decreasing
Th1 type cytokines such as IL-12 and interferon-� (IFN-�)
[46] while enhancing Th2 cytokines such as IL-4 and IL-10
[46,47].

As expected from the results obtained with an G-based
IHNV DNA vaccine [7], pMCV1.4-G also induced TGF-
� expression in the spleen at days 3 and 7. As IL-11,
TGF-� is mainly anti-inflammatory. In mammals, TGF-�
inhibits B and T cell proliferation and differentiation, antago-
nises pro-inflammatory cytokines such as IL-1�, TNF-� and
IFN-� [48], and blocks the expression of IL-1� and IL-2
receptors. TGF-� also has inhibitory effects on neutrophils
and macrophages [49,50]. Although mainly inhibitory, it is
known that TGF-�, at early stages of infection, can facilitate
CD8+T responses such as differentiation [51] and IL-2 secre-
tion [52]. In a previous work, we demonstrated that VHSV at
a non-lethal dose induces a similar pattern of TGF-� expres-
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Fig. 6. The effect of IL-8 co-administration on TGF-� expression in response to pMCV1.4-G was determined as described in the legend of Fig. 3. Mean values
with an “a” are significantly (p < 0.05) different than that of control mock-injected fish, while mean values with “b” are significantly (p < 0.05) different than
the group treated with both pMCV1.4-G and the control plasmid pIL8− (group 3).

sion than pMCV1.4-G in rainbow trout [32], thus suggesting
a positive effect of this cytokine on the protection conferred
by the vaccine construct.

The role of IL-18 in antiviral defence has not been yet elu-
cidated in fish [38]. In rainbow trout, an alternative spliced
form to that constitutively expressed in the lymphoid organs
was detected, and some differences in the pattern of expres-
sion were detected between the two forms. For our studies, we
have focused on the predominant form of IL-18. Previously
called IFN-�-inducing factor, in mammals, this cytokine is
known to induce IFN-�, TNF-� and GM-CSF production
and synergise with IL-12 [53], having effects mainly on Th1
lymphocyte subsets [54]. In the absence of IL-12, it can
also stimulate Th2 immune responses [55]. IL-18 also influ-
ences neutrophil responses, and is know to induce IL-1, IL-8,
TNF-� expression, respiratory burst activity and degranula-
tion in these cells [56]. In mammals, IL-18 production is

mostly regulated at a post-transcriptional level through the
processing of an inactive precursor [55] and through the pro-
duction of an inhibitory IL-18 binding protein [57]. In rain-
bow trout, although in head kidney cells and macrophages,
IL-18 expression was not affected by either LPS, Poly I:C
or rIL-1�, in the established fibroblastic cell line RTG-2,
both Poly I:C and LPS significantly decreased IL-18 expres-
sion, while they enhanced the expression of the alternative
spliced form, suggesting some kind of transcriptional regu-
lation [38]. In our experiments, pMCV1.4-G by itself was
not capable of altering IL-18 expression in the spleen, but
significantly down-regulated its expression on head kidney
at day 3, whereas it up-regulated it at day 10. The reduction
of IL-18 transcription observed at day 3 would most proba-
bly go along with an increased transcription of the alternative
spliced form, as it happened in RTG-2 cells [38]. In any case,
all this data suggest that in the rainbow trout there is tran-
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Fig. 7. The effect of IL-8 co-administration on IL-18 expression in response to pMCV1.4-G was determined as described in the legend of Fig. 3. Mean values
with an “a” are significantly (p < 0.05) different than that of control mock-injected fish, while mean values with “b” are significantly (p < 0.05) different than
the group treated with both pMCV1.4-G and the control plasmid pIL8− (group 3).

scriptional regulation of IL-18, as suggested by other authors
[38]. The exact function of the two alternative spliced forms
of IL-18 must be elucidated in order to understand its role in
disease and vaccination.

This early cytokine response induced by pMCV1.4-G was
altered when IL-8 was co-administered by the pIL8+ plasmid.
On one side, we have the effects that are significantly higher
than those obtained in the group in which pMCV1.4-G was
co-administered with the control plasmid pIL8−. In this case,
we have an up-regulation of IL-1�, TNF-�1 and TGF-� in
the spleen at day 3, of IL-1�, and TGF-� in the spleen at
day 7, and an up-regulation of IL-18 at day 10 in the head
kidney. It would be expected that this higher expression of
pro-inflammatory cytokines would have beneficial effects on
protection. In the case of IL-1�, it has been shown to enhance

the resistance towards VHSV infection [58]. In rainbow trout,
two different TNF-� isoforms have been identified [59]. We
studied the expression of TNF-�1, since a previous study
obtained a higher up-regulation of TNF-�1 in response to
IHNV [7]. In any case, similar functions have been observed
for both isoforms, known to induce IL-1�, IL-8, cyclooxy-
genase (COX-2), and both TNF-�1 and TNF-�2 [35].

On the other hand, we have effects of pIL8+ that were
not significantly higher than those observed in the group
injected with pMCV1.4-G and pIL8−, but that were signif-
icantly higher than mock-injected controls at time points at
which pMCV1.4-G with or without pIL8− was not capable
of inducing a significant response. Although not statistically
different, these results should be pointed out. In this sense,
we have an up-regulation of IL-18 at days 3 and 7 in the
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spleen, and an up-regulation of IL-11 at day 10 in the spleen
and at day 3 in head kidney. In the case of IL-18, we still
do not know whether an increase or decrease (as seen in the
head kidney at day 3) goes along with a higher IL-18 activity,
as the activity reported in mammals, since post-trascriptional
regulation can not be excluded.

In conclusion, we have demonstrated that the co-
administration of IL-8 with a viral DNA vaccine modulates
the cytokine response that is induced, mainly having its effect
over pro-inflammatory cytokines (IL-1� and TNF-�1), with
a greater impact on the spleen, and to a lesser extent in the
head kidney. More work should be performed to determine
whether this modulation has a beneficial effect on protection
as seen in other viral models in mammals [12,26].

Acknowledgements

The authors want to thank Isabel Blanco for her help in
the maintenance and sampling of fish. Carolina Tafalla wants
to thank the Ministerio de Educación y Ciencia for a Ramón
y Cajal research contract. This work was supported by grant
AGL2004-07404-C02-02 from the Ministerio de Educación
y Ciencia.

R

[9] Lusso P. HIV and chemokines: implications for therapy and vaccine.
Vaccine 2002;20:1964–7.

[10] Ahlers JD, Belyakov IM, Berzofsky JA. Cytokine, chemokine, and
costimulatory molecule modulation to enhance efficacy of HIV vac-
cines. Curr Mol Med 2003;3(3):285–301.

[11] Laing KJ, Secombes CJ. Trout CC chemokines: compari-
son of their sequences and expression patterns. Mol Immunol
2004;41(8):793–808.

[12] Kim JJ, Yang JS, Dentchev T, Dang K, Weiner DB. Chemokine
gene adjuvants can modulate immune responses induced by DNA
vaccines. J Interferon Cytokine Res 2000;20(5):487–98.

[13] Eo SK, Lee S, Kumaraguru U, Rouse BT. Immunopotentiation of
DNA vaccine against herpes simplex virus via co-delivery of plasmid
DNA expressing CCR7 ligands. Vaccine 2001;19(32):4685–93.

[14] Barouch DH, McKay PF, Sumida SM, Santra S, Jackson SS,
Gorgone DA, et al. Plasmid chemokines and colony-stimulating
factors enhance the immunogenicity of DNA priming-viral vector
boosting human immunodeficiency virus type 1 vaccines. J Virol
2003;77(16):8729–35.

[15] Toka FN, Gierynska M, Rouse BT. Codelivery of CCR7 ligands
as molecular adjuvants enhances the protective immune response
against herpes simplex virus type 1. J Virol 2003:12742–52.

[16] Ruffini PA, Biragyn A, Coscia M, Harvey LK, Cha SC, Bogen B,
et al. Genetic fusions with viral chemokines target delivery of non-
immunogenic antigen to trigger antitumor immunity independent of
chemotaxis. J Leukoc Biol 2004;76(1):77–85.

[17] Mukaida N, Hishinuma A, Zachariae CO, Oppenheim JJ, Mat-
sushima K. Regulation of human interleukin 8 gene expression and
binding of several other members of the intercrine family to recep-
tors for interleukin-8. Adv Exp Med Biol 1991;305:31–8.

[18] Baggiolini M, Dewald B, Moser B. Interleukin-8 and related

[

[

[

[

[

[

[

[

[

[

eferences

[1] Leong JC, Anderson E, Bootland LM, Chiou PW, Johnson M, Kim
C, et al. Fish vaccine antigens produced or delivered by recombinant
DNA technologies. Dev Biol Stand 1997;90:267–77.

[2] Lorenzen N, Lorenzen E, Einer-Jensen K, Heppell J, Wu T, Davis H.
Protective immunity to VHS in rainbow trout (Oncorhynchus mykiss,
Walbaum) following DNA vaccination. Fish Shellfish Immunol
1998;8:261–70.

[3] LaPatra SE, Corbeil S, Jones GR, Shewmaker WD, Lorenzen N,
Anderson ED, et al. Protection of rainbow trout against infectious
hematopoietic necrosis virus four days after specific or semi-specific
DNA vaccination. Vaccine 2001;19:4011–9.

[4] Boudinot P, Blanco M, de Kinkelin P, Benmansour A. Combined
DNA immunization with the glycoprotein gene of viral hemorrhagic
septicemia virus and infectious hematopoietic necrosis virus induces
double-specific protective immunity and nonspecific response in rain-
bow trout. Virology 1998;249:297–306.

[5] McLauchlan PE, Collet B, Ingerslev E, Secombes CJ, Lorenzen N,
Ellis AE. DNA vaccination against viral haemorrhagic septicaemia
(VHS) in rainbow trout: size, dose, route of injection and duration
of protection—early protection correlates with Mx expression. Fish
Shellfish Immunol 2003;15(1):39–50.

[6] Lorenzen N, Lorenzen E, Einer-Jensen K, LaPatra SE. DNA vac-
cines as a tool for analysing the protective immune response
against rhabdoviruses in rainbow trout. Fish Shellfish Immunol
2002;12(5):439–53.

[7] Purcell MK, Kurath G, Garver KA, Herwig RP, Winton JR. Quantita-
tive expression profiling of immune response genes in rainbow trout
following infectious haematopoietic necrosis virus (IHNV) infection
or DNA vaccination. Fish Shellfish Immunol 2004;17(5):447–62.

[8] Eo SK, Pack C, Kumaraguru U, Rouse BT. Optimisation of DNA
vaccines for the prophylaxis and modulation of herpes simplex virus
infections. Expert Opin Biol Ther 2001;1(2):213–25.
chemotactic cytokines: CXC and CC chemokines. Adv Immunol
1994;55:97–179.

19] Fogh K, Larsen CG, Iversen L, Kragballe K. Interleukin-8 stimu-
lates the formation of 15-hydroxy-eicosatetraenoic acid by human
neutrophils in vitro. Agents Actions 1992;35(3–4):227–31.

20] Weinrauch Y, Drujan D, Shapiro SD, Weiss J, Zychlinsky A. Neu-
trophil elastase targets virulence factors of enterobacteria. Nature
2002;417(6884):91–4.

21] Gomez HF, Ochoa TJ, Carlin LG, Cleary TG. Human lacto-
ferrin impairs virulence of Shigella flexneri. J Infect Dis
2003;187(1):87–95.

22] Nourshargh S, Perkins JA, Showell HJ, Matsushima K, Williams
TJ, Collins PD. A comparative study of the neutrophil stimulatory
activity in vitro and pro-inflammatory properties in vivo of 72 amino
acid and 77 amino acid IL-8. J Immunol 1992;148(1):106–11.

23] Larsen CG, Anderson AO, Apella E, Oppenheim JJ, Matsushima K.
Neutrophil activating protein 1 (NAP-1) is also chemotactic for T
lymphocytes. Science 1989;243:1464–6.

24] White MV, Yoshimura T, Hook W, Kaliner M, Leonard EJ. Neu-
trophil attractant/activation protein-1 (NAP-1) causes human basophil
histamine release. Immunol Lett 1989;22:151–4.

25] Mukaida N, Harada A, Matsushima K. Interleukin-8 (IL-8)
and monocyte chemotactic and activating factor (MCAF/MCP-1),
chemokines essentially involved in inflammatory and immune reac-
tions. Cytokine Growth Factor Rev 1998;9(1):9–23.

26] Sin J-I, Kim JJ, Pachuk C, Satishchandran C, Weiner DB. DNA vac-
cines encoding interleukin-8 and RANTES enhance antigen-specific
Th1-type CD4+ T-cell-mediated protective immunity against herpes
simplex virus type 2 in vivo. J Virol 2000;74(23):11173–80.

27] Najakshin AM, Mechetina LV, Alabyev BY, Taranin AV. Iden-
tification of an IL-8 homolog in lamprey (Lampetra fluviatilis):
early evolutionary divergence of chemokines. Eur J Immunol
1999;29(2):375–82.

28] Lee EY, Park HH, Kim YT, Choi TJ. Cloning and sequence analysis
of the interleukin-8 gene from flounder (Paralichthys olivaceous).
Gene 2001;274:237–43.



5626 N. Jimenez et al. / Vaccine 24 (2006) 5615–5626

[29] Laing KJ, Zou JJ, Wang T, Bols N, Hirono I, Aoki T, et al. Iden-
tification and analysis of an interleukin 8-like molecule in rainbow
trout Oncorhynchus mykiss. Dev Comp Immunol 2002;26:433–44.

[30] Sangrador-Vegas A, Lennington JB, Smith TJ. Molecular cloning
of an IL-8-like CXC chemokine and tissue factor in rainbow trout
(Oncorhynchus mykiss) by use of suppression subtractive hybridisa-
tion. Cytokine 2002;17(2):66–70.

[31] Fujiki K, Gauley J, Bols NC, Dixon B. Genomic cloning of
novel isotypes of the rainbow trout interleukin 8. Immunogenetics
2003;55:126–31.

[32] Tafalla C, Coll J, Secombes CJ. Expression of genes related to the
early immune response in rainbow trout (Oncorhynchus mykiss) after
viral haemorrhagic septicemia virus (VHSV) infection. Dev Comp
Immunol 2005;29(7):615–26.

[33] Rocha A, Ruiz S, Tafalla C, Coll JM. Conformation and fusion
defective mutants in the hypothetical phospholipid-binding and
fusion peptides of the protein G of viral haemorrhagic septicemia
salmonid rhabdovirus. J Virol 2004;78:9115–22.

[34] Wang T, Zou J, Cunningham C, Secombes CJ. Cloning and
functional characterisation of the interleukin-1 beta 1 promoter
of rainbow trout (Oncorhynchus mykiss). Biochim Biophys Acta
2002;1575(1–3):108–16.

[35] Zou J, Peddie S, Scapigliati G, Zhang Y, Bols NC, Ellis AE, et
al. Functional characterisation of the recombinant tumor necrosis
factors in rainbow trout, Oncorhynchus mykiss. Dev Comp Immunol
2003;27:813–22.

[36] Lindenstrom T, Secombes CJ, Buchmann K. Expression of immune
response genes in rainbow trout skin induced by Gyrodactylus der-
javini infections. Vet Immunol Immunopathol 2004;97:137–48.

[37] Wang T, Holland JW, Bols N, Secombes CJ. Cloning and expres-
sion of the first nonmammalian interleukin 11 gene in rainbow trout

[

[

[

[

[

[

[

[45] Bamba S, Andoh A, Yasui H, Makino J, Kim S, Fujiyama Y. Regu-
lation of IL-11 expression in intestinal myofibroblasts: role of c-Jun
AP-1- and MAPK-dependent pathways. Am J Physiol Gastrointest
Liver Physiol 2003;285(3):G529–38.

[46] Bozza M, Bliss JL, Dorner AJ, Trepicchio WL. Interleukin-11 mod-
ulates Th1/Th2 cytokine production from activated CD4+ T cells. J
Interferon Cytokine Res 2001;21(1):21–30.

[47] Curti A, Ratta M, Corinti S, Girolomoni G, Ricci F, Tazzari P, et
al. Interleukin-11 induces Th2 polarization of human CD4+ T cells.
Blood 2001;97(9):2758–63.

[48] Lotz M, Seth P. TGF beta and HIV infection. Ann NY Acad Sci
1993;685:501–11.

[49] Bermudez LE. Production of transforming growth factor � by
Mycobacterium avium-infected human macrophages is associated
with unresponsiveness to IFN-�. J Immunol 1993;150:1838–45.

[50] Bogdan C, Nathan C. Modulation of macrophage function by trans-
forming growth factor-�, interleukin-4, and interleukin-10. Ann NY
Acad Sci 1993;685:713–39.

[51] Suda T, Zlotnik A. In vitro induction of CD8 expression on
thymic pre-T cells: I. Transforming growth factor � and tumor
necrosis factor � induce CD8 expression on CD8 thymic subsets
including the CD25 + CD3-CD4-CD8- pre-T cell subset. J Immunol
1992;148:1737–45.

[52] Swaing SL, Huston G, Tonkonogy S, Weinberg A. Transforming
growth factor � and IL-4 cause helper T cell precursors to develop
into distinct effector helper cells that differ in lymphokine secre-
tion pattern and cell surface phenotype. J Immunol 1991;147:2991–
3000.

[53] Micallef MJ, Ohtsuki T, Kohno K, Tanabe F, Ushio S, Namba M, et
al. Interferon-gamma-inducing factor enhances T helper 1 cytokine
production by stimulated human T cells: synergism with interleukin-

[

[

[

[

[

[

Oncorhynchus mykiss. FEBS J 2005;272:1136–47.
38] Zou J, Bird S, Truckle J, Bols N, Horne M, Secombes C. Iden-

tification and expression analysis of an IL-18 homologue and its
alternatively spliced form in rainbow trout (Oncorhynchus mykiss).
Eur J Biochem 2004;271(10):1913–23.

39] Yin Z, Kwang J. Carp interleukin-1� in the role of an immuno-
adjuvant. Fish Shellfish Immunol 2000;10:375–8.

40] Kono T, Kusuda R, Kawahara E, Sakai M. The analysis of immune
responses of a novel CC-chemokine gene from Japanese flounder
Paralichthys olivaceus. Vaccine 2003;21:446–57.

41] Wolf K. Viral hemorrhagic septicemia. In: Fish viruses and fish viral
diseases. Ithaca, NY: Cornell University Press; 1988. pp. 217–49.

42] Trepicchio WL, Bozza M, Pedneault G, Dorner AJ. Recombinant
human IL-11 attenuates the inflammatory response through down-
regulation of proinflammatory cytokine release and nitric oxide pro-
duction. J Immunol 1996;157:3627–34.

43] Bartz H, Buning-Pfaue F, Turkel O, Schauer U. Respiratory syncy-
tial virus induces prostaglandin E2, IL-10 and IL-11 generation in
antigen presenting cells. Clin Exp Immunol 2002;129:438–45.

44] Kernacki KA, Goebel DJ, Poosch MS, Hazlett LD. Early cytokine
and chemokine gene expression during Pseudomonas aeruginosa
corneal infection in mice. Infect Immun 1998;66:376–9.
12 for interferon-� production. Eur J Immunol 1996;26:1647–
51.

54] Xu D, Ling Chan W, Leung BP, Hunter D, Schulz K, Carter RW,
et al. Selective expression and functions of interleukin 18 receptor
on T helper (Th) type 1 but not Th2 cells. J Exp Med Volume
1998;188(8):1485–92.

55] Nakanishi K, Yoshimoto T, Tsutsui H, Okamura H. Interleukin-
18 regulates both Th1 and Th2 responses. Annu Rev Immunol
2001;19:423–74.

56] Leung BP, Culshaw S, Gracie JA, Hunter D, Canetti CA, Camp-
bell C, et al. A role for IL-18 in neutrophil activation. J Immunol
2001;167:2879–86.

57] Novick D, Kim SH, Fantuzzi G, Reznikov LL, Dinarello CA, Rubin-
stein M. Interleukin-18 binding protein: a novel modulator of the Th1
cytokine response. Immunity 1999;10(1):127–36.

58] Peddie S, McLauchlan PE, Ellis AE, Secombes CJ. Effect of
intraperitoneally administered IL-1�-derived pepetides on resistance
to viral haemorrhagic septicaemia in rainbow trout Oncorhynchus
mykiss. Dis Aquat Org 2003;56:195–200.

59] Zou J, Wang T, Hirono I, Aoki T, Inagawa H, Honda T, et al. Differ-
ential expression of two tumor necrosis factor genes in rainbow trout,
Oncorhynchus mykiss. Dev Comp Immunol 2002;26(2):161–72.


	Co-injection of interleukin 8 with the glycoprotein gene from viral haemorrhagic septicemia virus (VHSV) modulates the cytokine response in rainbow trout (Oncorhynchus mykiss)
	Introduction
	Materials and methods
	Fish
	Plasmid constructions
	pIL8+ transcription and histology
	Injection of pMCV1.4-G and pIL8+ into rainbow trout muscle
	cDNA synthesis
	PCR of IL-1beta, TNF-alpha1, IL-11, TGF-beta and IL-18

	Results
	Transcriptional activity of IL-8 after pIL8+ intramuscular injection
	Effect of the injection of pIL8+ on the IL-1beta and TNF-alpha1 response to pMCV1.4-G
	Effect of the injection of pIL8+ on the IL-11 and TGF-beta response to pMCV1.4-G
	Effect of the injection of pIL8+ on the IL-18 response to pMCV1.4-G

	Discussion
	Acknowledgements
	References


