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ABSTRACT

We have found out that transfection of the RTG-2 cell line with the
viral haemorrhagic septicaemia virus (VHSV) glycoprotein G (Gynsy)-coding
plasmid induces an anti-VHSV state, similar to that induced by poly I:C.
Taking the advantage of the constitutive expression of toll-like receptor 9
gene (t/r9) in RTG-2 cells, we have investigated whether this antiviral state
was induced by the cytosine-phosphodiester-guanine (CpG) motifs present
in the plasmid DNA, by the endogenous expression of Gyysy protein or by
both elements For that, we have analysed the expression profile of the
rainbow trout t/r9 and several genes related to TLR9-mediated immune
response in the absence or presence of a lysosomotropic drug that
specifically blocks TLR9-CpG DNA interaction. The results suggested that
the high levels of cell protection conferred by a plasmid encoding Gyysy gene
are due to Gyysy rather than to the CpG motifs within plasmid DNA.
Therefore, plasmid DNA might not play a key role in the immune response
elicited by DNA vaccines or perhaps other receptors instead TLR9 could be
implicated in CpG motifs recognition and signalling. In addition, since RTG-2
cells express tir9 gene, this cell line could be a good tool for screening TLR9
agonists, such as the immunomodulatory oligonucleotides (IMOs), as fish

DNA vaccine adjuvants.



*Manuscript

Click here to view linked References

©CO~NOOOTA~AWNPE

In vitro analysis of the factors contributing to the antiviral state
induced by a plasmid encoding the viral haemorrhagic septicaemia virus

glycoprotein G in transfected trout cells

M. Ortega-Villaizan', V. Chico!, A. Martinez-Lopez', A. Falco?, L. Perez!, J.M. Coll?
and A. Estepa'”

IBMC, Miguel Hernandez University, 03202-Elche, Spain
2INIA-SIGT-Biotecnologia, 28040-Madrid, Spain.

Keywords: Innate immunity; Toll-like receptor; TLR9; DNA vaccine; Viral glycoproteins;
VHSV; rhabdovirus; rainbow trout; RTG-2 «cell line; TNFa; IL1B; IRF3;
IRF7;Mx;unmethylated CpG motifs

*Corresponding Author
IBMC, Miguel Hernandez University, 03202, Elche, Spain
Tel: 34-966658436, Fax: 34-966658758


http://ees.elsevier.com/jvac/viewRCResults.aspx?pdf=1&docID=11402&rev=2&fileID=290058&msid={9DB4DCB5-32DF-4BD3-BF35-EAA4BFB26CFD}

©CO~NOOOTA~AWNPE

ABSTRACT

We have found out that transfection of the RTG-2 cell line with the viral
haemorrhagic septicaemia virus (VHSV) glycoprotein G (Gynsy)-coding plasmid
induces an anti-VHSV state, similar to that induced by poly I:C. Taking the
advantage of the constitutive expression of toll-like receptor 9 gene (t/r9) in
RTG-2 cells, we have investigated whether this antiviral state was induced by the
cytosine-phosphodiester-guanine (CpG) motifs present in the plasmid DNA, by
the endogenous expression of Gyysy protein or by both elements For that, we
have analysed the expression profile of the rainbow trout t/r9 and several genes
related to TLR9-mediated immune response in the absence or presence of a
lysosomotropic drug that specifically blocks TLR9-CpG DNA interaction. The
results suggested that the high levels of cell protection conferred by a plasmid
encoding Gyysy gene are due to Gyysy rather than to the CpG motifs within
plasmid DNA. Therefore, plasmid DNA might not play a key role in the immune
response elicited by DNA vaccines or perhaps other receptors instead TLR9S could
be implicated in CpG motifs recognition and signalling. In addition, since RTG-2
cells express tIr9 gene, this cell line could be a good tool for screening TLR9
agonists, such as the immunomodulatory oligonucleotides (IMOs), as fish DNA

vaccine adjuvants.
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1. Introduction

A direct relationship between the viral haemorrhagic septicaemia virus
(VHSV) glycoprotein G (Gynsy) expression and type I interferon (IFN) production
has been described in the rainbow trout cell line RTG-P1 [1]. However, there are
no records on cell resistance to VHSV infection induced by cell transfection with a
Gyhsy-coding plasmid. Regarding this issue, among the factors contributing to
this in vitro potential cell protection are the antigenic properties of Gyusy protein
as well as the unmethylated cytosine-phosphodiestesine (CpG) motifs within the
bacterial DNA plasmid.

It is known that bacterial DNA is immunogenic in the vertebrate host [2-
4] because of the presence of CpG motifs that activate the innate immune
system by means of toll like receptor 9 (TLR9) [5-7], a member of the pattern
recognition receptor (PRR) family. The TLR9-mediated recognition of bacterial
DNA and CpG-containing oligodeoxynucleotides (CpG-ODNs) induces cell
production of type I interferon (IFN) and pro-inflammatory cytokines.

To date, the majority of studies about the immune effect of unmethylated
CpG motifs have been carried out on mammals where they are proving to be
very successful at stimulating innate and adaptive immune responses in a variety
of species as well as protecting them from bacterial, viral and protozoan
pathogens [4, 8, 9]. However, more effort is now being focused on evaluating,
both in vitro and in vivo, the immunostimulatory effects of those pathogen
associated molecular patterns (PAMPs) in veterinary-relevant species including
cultured teleost fish[4, 10, 11].

Concerning cultured fish, it is necessary to point out that aquaculture has
become an important industry in the supply of fish of sufficient quality and

quantity for human consumption to replace wild-fishing. However, factors such
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as viral infectious diseases continue to remain an impediment to the
development, productivity and profitability of fish farms. Consequently, all the
approaches conducted to enhance the fish immune defences, including the
search for DNA vaccines adjuvants, are of definitive interest.

The innate immune recognition of the adjuvant elements of vaccine
formulations have been shown to be critical for its immunogenicity [12, 13]. In
the case of DNA vaccines, CpG motifs within plasmid DNA have been considered
to be 'built-in” adjuvants, owing to their apparent ability to activate the innate
immune system by means of TLR9 [14-18]. However, whether the immunogenic
properties of plasmid DNA involve TLR9 signalling or not has not been clearly
established [13, 19, 20].

Taking into account the increasing interest to establish whether the
immunogenic properties of plasmid DNA involve TLR9 signalling, in this work we
have analysed the contribution of both Gyysy protein and plasmid DNA backbone
CpG motifs to the in vitro cell protection against VHSV infection. For that, the
RTG-2 cell line was chosen because of the constitutive expression of the t/r9
gene, not previously described in this cell type.

The results have shown that high levels of cell resistance to VHSV infection,
associated with high expression levels of an interferon-induced antiviral gene myx,
tumour necrosis factor alpha (tnfa) and interleukin 1 beta (i/13) genes were only
achieved in RTG-2 cells transfected with a Gypysy—coding plasmid.

On the other hand, inhibition of endosomal acidification using
lysosomotropic drugs that specifically blocks TLR9-CpG DNA interaction [21]
almost left unchanged the response induced by unmethylated CpG ODNs or

plasmid DNA but highly down-regulated the response induced by Gyusy. However,
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the down-regulation of Gyuysy-induced immune-related response directly
correlated with the decrease of the Gyysy gene transcription.

All together, our results suggest that the high levels of cell protection
conferred by a plasmid encoding Gyusy gene seem to be due to Gyysy rather than
to the CpG motifs within plasmid DNA. Therefore, plasmid DNA might not play a
key role in the immune response elicited by DNA vaccines or instead other
receptors rather than TLR9 could be implicated in CpG motifs recognition and
signalling. In addition, since RTG-2 cells express t/Ir9 gene this cell line could be a
good tool for screening TLR9 agonists, such as the immunomodulatory

oligonucleotides (IMOs) [22], as fish DNA vaccine adjuvants.
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2. Material and Methods

2.1. Cell cultures and virus

Rainbow trout cell line RTG-2 (rainbow trout gonad-2) purchased from the
American Type Culture Collection (ATCC CCL 55) was used in this work. RTG-2
cells were maintained at 20 °C in a 5 % CO, atmosphere with MEM cell culture
medium (Sigma, St. Louis, MO) containing 10 % Fetal Bovine Serum (FBS)
gamma irradiated (Cultek, Madrid, Spain), 2 mM L-glutamine (Gibco, Invitrogen
Corporation, United Kingdom) and 50 ug/mL gentamicin (Gibco).

Viral haemorrhagic septicaemia virus (VHSV-07.71) [23] isolated in France
from rainbow trout, Oncorhynchus mykiss, was propagated in EPC cells at 14 °C
as previously reported [24]. Supernatants from VHSV-07.71 infected EPC cell
monolayers were clarified by centrifugation at 1.000 x g during 20 min and kept in
aliquots at -80 ©C. Clarified supernatants were used for the experiments. The
virus stock was titrated in 96-well plates using a previously developed

immunostaining focus assay (focus forming units, f.f.u.) [25-27].

2.2. Transfection assays

RTG-2 cells were transfected with the pAE6 plasmid [28, 29] or with the
plasmid encoding the VHSV glycoprotein G (Gyysy) gene (pAE6-G) [30]. Cell
transfections were carried out as described previously [29, 31, 32]. Briefly, RTG-
2 cells, grown in culture flasks of 75 cm?, were detached using TrypLE™ Select
(Gibco), washed, resuspended in MEM supplemented with 10 % FBS and
dispensed into 96-well plates at a concentration of 4x10* cells per well in a final
volume of 100 pl. Then, 0.25 ug of pAE6 or pAE6-G plasmids complexed with 0.3

Ml of FuGene HD (Roche Diagnostics, Mannheim, Germany) were added to each
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well and the plates were further incubated at 20 °C for 3 days. After the
incubation period, the medium was removed and total RNA extracted as

described in 2.6.

2.3. Treatment of RTG-2 cells with unmethylated CpG ODNs and
poly I:C

RTG-2 cells, grown in 96-well plates, were incubated 24 hours at 20 °C
with each of the synthetic CpG ODNs (6 uM), 30 pg/ml of Polyribocytidylic acid
(poly I:C) (Sigma) or left untreated. After the incubation period, the medium was
removed and total RNA extracted as described in 2.6.

The synthetic unmethylated CpG ODNSs used in the present work were: CpG
ODN 2133 (TCGTCGTTGGTTGTCGTTTTGGT), CpG ODN 2143
(TTCGTCGTTTTGTCGTTTTGTCGTT), and non-CpG ODN 1982
(TCCAGGACTTCTCTCAGGTT), purchased from Sigma, and resuspended in sterile

water at 1 mM.

2.4. Infection of RTG-2 cells with VHSV

RTG-2 cells, grown in 96-well plates, were treated with CpG ODNs (2133,
2143), the non-CpG ODN 1982, or poly I:C during 24 hours at 20 °C or
transfected with pAE6 or pAE6-G during 72 hours at 20 ©°C. Then, cell
monolayers were washed extensively with PBS and then infected with VHSV at a
multiplicity of infection (m.o.i.) of 1072, in a final volume of 100 pl/well of cell
culture medium supplemented with 2 % FBS. After 2 hours at 14 °C, infected
RTG-2 cells were extensively washed with PBS, 100 ul/well of cell culture
medium supplemented with 2 % FBS added to each well and plates further

incubated at 14 °C for 22 hours. After incubation period, cells were washed
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extensively with PBS, total RNA extracted and VHSV replication evaluated by
real-time PCR as described in 2.6 and 2.7, respectively, using specific primers
and probe for the gene encoding the protein N of VHSV (Nyssv) (Table 1).

Untreated RTG-2 cells infected with VHSV were included as controls.

2.5. Blocking of endosome acidification by NH,CI

To block endosomal low-pH NH4CI (Sigma) at 10 mM was added to RTG-2
cell monolayers during 1 hour. Cell monolayers were then treated with CpG
ODNs (2133, 2143), non-CpG ODN 1982, poly I:C during 24 hours at 20 °C or
transfected with pAE6 or pAE6-G during 72 hours at 20 °C, in the presence of
NH4Cl. No significant cell death was observed in RTG-2 cell monolayers treated
with NH4;Cl 10mM, since this concentration is known as non-cytotoxic but
effective for reducing VHSV infectivity by 50 % [26]. After the incubation period,
the medium was removed and total RNA extracted as described in 2.6.

In addition, we carried out a time course of low-pH cell environment
recovery after blocking endosomal acidification with NH4CIl. For that, RTG-2 cells
were pretreated with 10 mM NH4CI and then transfected with pAE6-G. NH,Cl was
retired at the following times: before transfection, a quarter of hour, half and
hour, 2, 3, 4, 6 and 7 hours after transfection. After removing the NH4CI, fresh
medium was added and plates further incubated until 24 hours (for CpG ODNs
and poly I:C treatments) or 72 hours (for transfected cells). Finally, the medium

was removed and total RNA extracted as described in 2.6.

2.6. RNA isolation and cDNA synthesis
Total RNA was extracted from the treated, transfected and/or infected RTG-

2 cells using the “RNeasy® Plus Mini” kit (Qiagen, Valencia, CA), following
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manufacturer’s instructions. Isolated RNAs were resuspended in DNase and
RNase free water (Sigma) and stored at -80 °C until used. Two hundred ng of
total RNA were used for cDNA synthesis using the Moloney murine leukaemia
virus reverse transcriptase (M-MLV) (Invitrogen) and Random Hexamers (Applied

Biosystems, NY), following manufacture’s instructions.

2.7. Gene expression analysis

Real-time PCR assays were performed using the ABI PRISM® 7300
Sequence Detector System (Applied Biosystems). Reactions were carried out in a
final volume of 20 pl, containing 900 nM of each primer, 200 nM of the TagMan®
probe conjugated with the fluorescein FAM at the 5" end and with the quencher
TAMRA at the 3’, 20 ng of RNA and 1x TagMan® Universal Master Mix (Applied
Biosystems). Primers and probes sequences are indicated in Table 1. For i/18 and
irf7 gene primers SYBR Green (Applied Biosystems) was used. Primers for irf7
and mx genes amplification were designed using the Primer Express™ software
(Applied Biosystems). mx gene primers amplify isoforms one and three, since
they are the Mx protein isoforms predominantly expressed in RTG-2 cells in
response to different type I IFN inducers [31]. Thermal cycling conditions
followed the standard default protocol of the instrument. Gene expression results

were analyzed using the 2™

method [33]. Endogenous control for
quantification was the efla gene [34]. Data represent the mean fold changes %
SD for three independent experiments, each performed in duplicate.

For normal PCR assays, PCR amplification reactions (25 pl) were performed
using 0.5 pl ANTP mix (10mM each), 0.2 pl Tag DNA polymerase (Roche,
Barcelona, Spain), 2.5 ul Taqg 10x buffer, 0.5 ul of each primer (20 pM) (Table

1 ) and 2.5 pl of cDNA. A parallel PCR with primers for glyceraldehyde 3-
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phosphate dehydrogenase (GAPDH) [35] (Table 1) was performed with all
samples as a house-keeping gene using conditions previously described [31, 36].
PCRs were carried out in a GeneAmp® PCR System 2700 cycler (Applied
Biosystems). PCR products (10 pl) were visualized on a 2 % agarose gel stained

with ethidium bromide.

2.8. Statistical analysis
Data were analyzed using an analysis of variance (ANOVA) and a Tukey's
multiple comparison test to determine the differences between the different

treatments and control cells.

2.9. Rainbow trout Mx protein detection by immunofluorescence

RTG-2 cells, grown in 96-well plates, were incubated with each of the
synthetic CpG ODNs (6 pM), 30 pg/ml of poly I:C (Sigma), or transfected with
0.25 pg/well of pAE6 and pAE6-G as indicated above, during 72 hours at 20 °C.
In addition, untreated RTG-2 cells were included as controls. After the incubation
period, the cell culture medium was removed, and the cell monolayers were fixed
with BD Cytofix (BD Biosciences, Franklin Lakes, NJ]) (15 min. at room
temperature) and permeabilized 5 min. at room temperature with 0.2 % Triton
X100 (Merck, Darmstadt, Germany). Then, cell monolayers were incubated with
the antiserum to rainbow trout Mx protein [37], diluted 300-fold in PBS-0.1 %
BSA, during 2:30 hours at room temperature. This antibody recognizing the
three isoforms of the rainbow trout Mx protein was detected by using a goat anti-
rabbit antibody TRITC conjugated (Sigma). Stained cells were viewed and
photographed with an inverted fluorescence microscope (Nikon Eclipse TE2000-U,

Nikon instruments Inc., NY) provided with a digital camera (Nikon DS-1QM).

10
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3. Results

3.1. VHSYV infectivity in treated or transfected RTG-2 cells

Transfection of the RTG-2 cell line with pAE6-G induced similar protection
against VHSV infection (VHSV infectivity <6 %) than that induced by poly I:C
treatment  (Figure 1). RTG-2 cells treated with non-CpG ODN 1982 or
transfected with pAE6 propagated the virus almost as efficiently as the untreated
cells (Figure 1). It is worth noting that pAE6 contents three CpG rich regions as
calculated by the software EMBOSSCpGPlot
(http://www.ebi.ac.uk/Tools/emboss/cpgplot/index.html) (data not shown). On
the other hand, RTG-2 cells treated with CpG ODNs, mainly with CpG 2133,

showed some resistance to VHSV infection (VHSV infectivity ~ 70%) (Figure 1).

3.2. Expression profile of rainbow trout tir9 gene and other genes
related to TLR9-mediated immune response in treated or transfected
RTG-2 cells

As a first step, normal PCR was performed using total RNA extracted from
untreated or transfected RTG-2 cells to investigate the expression of rainbow
trout t/Ir9 gene in this cell line. tIr9 gene transcription was detectable in untreated
cells as well as in transfected cells (Figure 2A).

Having established the t/Ir9 gene expression in RTG-2 cells, we analysed
whether the resistance to VHSV infection correlated with t/r9 and t/r9-related
genes expression. No differential expression of t/Ir9 gene was observed in
response to pAE6, CpG ODNs, or non-CpG ODN since these cells showed similar
tir9 basal expression levels than untreated RTG-2 cells (Figure 2B). However, an
up-regulation of t/Ir9 gene was detected in pAE6-G transfected cells (~1.5-fold)

and poly I:C treated cells (~2-fold) (Figure 2B).

11
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TLR9-mediated immune response was evaluated by analysing the
expression of interferon regulatory factors irf3 and irf7, the interferon stimulated
(IS) mx gene and the pro-inflammatory cytokines tnfa and il1B, in cells
stimulated with the above indicated PAMPs. To evaluate type I IFN response, the
IFN-inducible mx gene was chosen since Mx proteins have been proven to be a
very specific and sensitive marker for type I IFN induction [38-40] and direct
induction of this gene by rainbow trout type I IFN has been demonstrated [41].

The up-regulation of t/Ir9 gene associated to high cell resistance to VHSV
correlated with high expression levels of mx (~1600-fold), tnfa (~29-fold), il18
(~6-fold), irf3 (~16-fold) and irf7 (~48-fold) in the RTG-2 cells transfected with
pAE6-G (Figure 2B). On the other hand, minor accumulation of mx, tnfe, il183, irf3
and irf7 gene transcripts was observed after cell transfection with pAE6 or
treatment with CpG ODNs (Figure 2B).

The expression of mx gene was also evaluated at the protein level using an
antiserum to Mx protein. RTG-2 cells treated with CpG ODNs (2133, 2143), non-
CpG ODN 1982, or transfected with pAE6 showed no increment on the Mx protein
expression levels, compared to untreated RTG-2 cells, as demonstrated by
immunofluorescence (data not shown). In contrast, RTG-2 cells treated with poly
I:C (Figure 3, middle panel) or transfected with pAE6-G (Figure 3, lower panel)

showed high expression levels of Mx protein.

3.3. Influence of the low-pH endosome environment in the immune
response induced by CpG ODNs, pAE6 and pAE6-G

Since endosomal acidification is a prerequisite for TLR9 activation, to
further examine its implication in CpG ODNs, pAE6 and pAE6-G immune-related

response, we blocked endosomal acidification by using NH4CI.

12
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Blocking endosomal acidification highly decreased mx (~100-fold), il183
(~3-fold), tnfa (~13-fold), irf3 (~15-fold) and irf7 (~47-fold) gene expression in
pAE6-G transfected RTG-2 cells (Figure 4). In contrast, the expression of these
genes in response to CpG ODNs or pAE6 remained almost unchanged after
treating the cells with NH4Cl, except for an up-regulation of mx gene expression
by pAE6 (~2-fold), as well as for a down-regulation of irf7 by CpG 2133 and
2143 (~2-fold, both of them) (Figure 4). Low-pH endosome blocking failed to
produce any change in the mx gene expression induced by poly I:C (Figure 4).
Nevertheless, it resulted in a down-regulation of i/l18 gene (~3-fold) (Figure 4).

On the other hand, t/Ir9 gene expression remained unchanged upon NH,CI
treatment, except for pAE6-G transfected cells where t/Ir9 gene transcription
diminished (~1,3-fold) (Figure 4).

To analyse the cause of the reduced IFN-mediated response after NH,CI
treatment, we carried out a time course of low-pH cell environment recovery
after blocking endosomal acidification with NH4Cl. We observed that the
progressive delayed retirement of NH4Cl caused a time-dependent reduction of
Gvhsy gene expression which coupled with the decrease of mx gene transcript

level (Figure 5).

13
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4. Discussion

In the present work, transfection of the RTG-2 cell line with pAE6-G induced
an anti-VHSV state similar to that induced by poly I:C. After, we further
proceeded to evaluate whether this protection was induced by the endogenous
expression of Gyysy protein or by the CpG motifs within plasmid DNA backbone.

Different immune responses such as the induction of type I IFN system and
the production of TNFa and IL1B are triggered after the vertebrate innate
immune system recognise the CpG motifs present in bacterial DNA as well as in
synthetic CpG ODNs [42]. TLR9-mediated recognition of CpG-containing
oligodeoxynucleotides (CpG ODNs) has been shown to induce the production of
type I IFN and pro-inflammatory cytokines [43]. Regarding fish, the CpG 2133
and 2143, belonging to C-class ODNs are known to enhance the expression of
IL1B in RTS11 cells (rainbow trout monocyte/macrophage-like cell line) and to
activate mx gene promoter in transformed RTG-2 cells [4]. However, our results
showed low cell resistance to VHSV and lack of immune-related response induced
by these CpG ODNs, evaluated as t/Ir9, mx, proinflammatory cytokines (tnfa and
il1B) and irf3 genes regulation, as well as mx protein expression. Only, a minor
up-regulation of irf7/ was observed in response to these CpG ODNs. Minor
alterations in t/Ir9 gene transcripts have been observed in response to CpG ODNs
in Atlantic salmon [44].

RTG-2 cells transfected with pAE6-G showed an up-regulation of rainbow
trout t/r9 gene associated to high cell resistance to VHSV, which correlated with
high expression levels of mx, tnfe, il18, irf3 and irf7 genes, as well as with high
mx protein expression. Although this result could initially suggest that plasmid

DNA recognition by TLR9 is contributing to this immune-related response.,

14
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Taking into account the fact that a minor accumulation of mx, tnfe, il18, irf3 and
irf7 gene transcripts was observed after cell transfection with pAE6 or treatment
with CpG ODNSs, this assumption should be discarded. In view of these results,
we suggest a possible up-regulation of the rainbow trout t/r9 gene by means of
the IFN induced by Gynsy, but not by means of the CpG motifs within the plasmid
DNA or in the synthetic unmethylated CpG ODNs used in this study. Similarly,
modulation of t/Ir9 gene expression by IFN has been previously described in
several animal species including fish [45, 46].

IRF3 pathway has been shown to be responsible for TLR3/TLR4-specific
gene activation, leading IRF3 to the induction of a set of primary and secondary
genes (among them irf7 and mx) involved in host defence [47]. Further, a direct
implication of IRF7 in type I IFN production after TLR4/CD14 recognition of the
vesicular stomatitis virus glycoprotein G (Gysy) has been described [48]. We have
observed a direct correlation between irf3, irf7 and mx gene up-regulation and
pAE6-G transfection, but not by pAE6; however, we only observed a minor up-
regulation of irf7 after CpG ODNSs stimulation. These results might indicate that
CpG ODNs could be triggering a weak signal through TLR9; however, other TLRs
should be triggering IFN and proinflammatory cytokines production after pAE6-G
transfection through IRF3 primarily and IRF7 secondarily.

Once activated TLR9 is transported to late endosome/lysosomes [49]. Then,
TLR9-CpG-DNA interaction occurs at the acidic pH found in endosomes and
lysosomes [21]. In macrophages, late endosome/lysosome-localized Rab7b, a
small GTPase that plays a role in the transport and degradation of proteins in
endosomes and lysosomes in mammalian cells, is known to down-regulate TLR9-
triggered proinflammatory cytokines and type I IFN production by impairing TLR9

signalling via promotion of TLR9 degradation [49]. In a similar way, our results
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showed that blocking endosomal acidification using NH4CI highly decreased mx,
il1B, tnfe, irf3 and irf7 genes transcription in the RTG-2 cells transfected with
pAE6-G. Therefore, cell treatment with NH4Cl caused a drastic reduction in the
genes previously up-regulated by pAE6-G transfection, consistent with a role for
TLR9 activation in cytokine gene induction. However, a time course of low-pH
cell environment recovery caused a time-dependent reduction of Gyysy gene
expression which coupled with a decrease of mx gene transcript level, suggesting
low-pH endosome dependence for cell plasmid uptake, intracellular traffic and/or
expression. Therefore, the reduction of Gyysy-mediated IFN and pro-inflammatory
cytokine induction by NH4CI is directly related to Gyusy expression levels and
seems to be independent of rainbow trout TLR9 activation.

All together, our results suggest that the anti-VHSV state induced by pAE6-
G seem to be due to Gyysy rather than to the CpG motifs within plasmid DNA and
therefore plasmid DNA might not play a key role as a ‘built-in” adjuvant of fish
DNA vaccines, or other receptors instead could be implicated in CpG motifs
recognition and signalling. Further work is in progress where an engineered CpG-
modified plasmid DNA is being tested. Separately, it is worth noting that the
RTG-2 fibroblastic cell line could also reveal an absence of responsiveness to CpG
motifs, since other fibroblast cell lines like cultured synovial fibroblasts remained
TLR9 mRNA at baseline levels after stimulation with CpG ODNs [50]. However,
since RTG-2 cells express tiIr9 gene, this cell line could be a good tool for
screening other TLR9 agonists, such as the immunomodulatory oligonucleotides

(IMOs) [22], as fish DNA vaccine adjuvants.
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Table 1: Primer sequences used for gene

expression analysis

Primer name

5’ - 3’ Sequence

Reference / Accesidon no.

efla-fw

efla-rv

efla-probe

tir9 fw for real-time PCR
tir9 rv for real-time PCR
tir9 probe

mx fw

mx rv

mx probe

tnfo fw

tnfarv

tnfa probe

il1B fw

il18 rv

irf3 fw

irf3 rv

irf3 probe

irf7 fw

irf7 rv

Nypsy fw

Nynsy rv

Nyusy probe

tir9 fw for normal PCR
tir9 rv for normal PCR
gapdh fw for normal PCR
gapdh rv for normal PCR

ACCCTCCTCTTGGTCGTTTC
TGATGACACCAACAGCAACA
GCTGTGCGTGACATGAGGCA
CCTGCGACACTTCCTGGTTT
GCCAGTGGTAAGAAGGAGGATCT
CAGACTTCCTGCGTGCCGGCC
TGAAGCCCAGGATGAAATGG
TGGCAGGTCGATGAGTGTGA
ACCTCATCAGCCTAGAGATTGGCTCCCC
AGCATGGAAGACCGTCAACGAT
ACCCTCTAAATGGATGGCTGCTT

[34]

[20]

U30253 and U47946

[51]

AAAAGATACCCACCATACATTGAAGCAGATTGCC

GGAGAGGTTAAAGGGTGGCGA
TGCCGACTCCAACTCCAACA
AACAAGGCATGCAGGGTTCTAAAT
ACGTGTGCAATCAGTACCAGC

[52]

[53]

ATGCTCCTTAATATTTTGCTGTGCGACCTGGATT

ACAACATCAGCCTGCAGATCTC
CGGGCCAGGTGGCATT
GACTCAACGGGACAGGAATGA
GGGCAATGCCCAAGTTGTT
TGGGTTGTTCACCCAGGCCGC
CCCCTTTGACTGCTCCTGTGACACTT
CATCCCAGCCGTAGAGGTGCCTGAGTAG
ATGTCAGACCTCTGTGTTGG
TCCTCGATGCCGAAGTTGTCG

TC167655

[54]

[20]

[35]

efla: elongation factor 1 alpha; t/ir9: toll-like receptor 9; mx: isoform 1 and 3 of the trout antiviral Mx
protein; tnfa: tumour necrosis factor alpha; il18: interleukin 1 beta; irf3: interferon regulatory factor 3;

irf7: interferon regulatory factor 7; Nyysv:N protein of VHSV; gapdh: glyceraldehyde 3-phosphate

dehydrogenase; fw: forward; rv: reverse; PCR: polymerase chain reaction
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FIGURE LEGENDS

Figure 1: Percentage of VHSV infectivity as estimated by N,ys, gene expression
analysis by real-time PCR. RTG-2 cells were treated with CpG 2133 (CpG1), CpG
2143 (CpG2), CpG 1982 (nCpG) or poly I:C (pIC) (24 hours at 20°C), or
transfected with pAE6 or pAE6-G (72 hours at 20°C), and then infected with
VHSV with a multiplicity of infection (m.o.i.) of 10 pfu/cell. Gene expression is
normalized against efla gene and relative to infected untreated cells. Data
represent the mean fold changes £ SD for three independent experiments, each
performed in duplicate. An asterisk (*) denotes statistically significant differences
between the different treatments and the control cells according to a Tukey test.

Figure 2: Constitutive expression of rainbow trout t/r9 in RTG-2 cells untreated
or transfected with pAE6 or pAE6-G, evaluated by normal PCR (A). Transcript
levels of tIr9 and selected immune-related genes in RTG-2 cells treated with CpG
ODNs or transfected with pAE6 or pAE6-G, evaluated by real-time PCR (B). ti/r9,
interferon regulatory factors irf3 and irf7, proinflammatory cytokines /13 and
tnfa, and antiviral mx genes transcript levels in RTG-2 cells treated with CpG
2133 (CpG1l), CpG 2143 (CpG2), CpG 1982 (nCpG) or poly I:C (pIC) (24 hours
at 20°C), or transfected with pAE6 or pAE6-G (72 hours at 20°C). Gene
expression is normalized against efla gene. Data represent the mean fold
changes £ SD for three independent experiments, each performed in duplicate.
An asterisk (*) denotes statistically significant differences between the different
treatments and the control cells according to a Tukey test.

Figure 3: Representative immunofluorescence images of Mx protein expression
in RTG-2 cells stimulated with poly I:C or transfected with pAE6-G (72 hours at
20°C). RTG-2 cells micrographs with polyclonal anti-Mx antibody at fluorescent
(a) and visible (b) light fields; (c), Merged image of fields a and b.

Figure 4: Effect of the inhibition of endosomal acidification on the transcript
levels of t/Ir9 and selected immune-related genes in RTG-2 cells treated with CpG
ODNs or transfected with pAE6 or pAE6-G. tIr9, interferon regulatory factors irf3
and irf7, proinflammatory cytokines i/13 and tnfa, and antiviral mx genes
transcript levels in RTG-2 cells pre-treated with 10 mM NH4CI for 1hr and then
treated with CpG 2133 (CpG1), CpG 2143 (CpG2), CpG 1982 (nCpG) or poly I:C
(pIC) (24 hours at 20°C), or transfected with pAE6 or pAE6-G (pAE6-G) (72
hours at 20°C) in the presence of NH,Cl. Data represent the mean fold changes
+ SD for three independent experiments, each performed in duplicate. An
asterisk (*) denotes statistically significant differences between the different
treatments and the control cells according to a Tukey test.

Figure 5: Time course of recovery of endosomal low-pH after blocking
endosomal acidification with NH4Cl. RTG-2 cells were pre-treated with 10 mM
NH,Cl and then transfected with pAE6-G. NH,Cl was retired at the following
times: before transfection (t 0), a quarter of hour (t 1/4h), half and hour (t 1/2h),
2 (t 2h), 3 (t 3h), 4 (t 4h), 6 (t 6h) and 7 (t 7h) hours after transfection. After
that, Gyysy (black square) and mx (black circle) genes transcript levels were
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measured. Gene expression is normalized against efla gene and relative to
NH4Cl untreated and non-transfected cells. Data represent the mean fold
changes £ SD for three independent experiments, each performed in duplicate.
An asterisk (*) denotes statistically significant differences between the different
times of NH4Cl exposure and transfected cells without NH4Cl, according to a
Tukey test.
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