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Fish cell cultures as in vitro models of inflammatory responses elicited
by immunostimulants. Expression of regulatory genes of the innate
immune response
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a b s t r a c t

We report the differential expression of various genes related to the regulation of the innate immune
responses, including pro-inflammatory (IL-1b1, IL-8, TNF-a1, TNF-a2) and immune-suppressing (IL-10)
cytokines, interferon-induced Mx-1 protein, enzymes regulating nitric oxide (inducible nitric oxide
synthase, arginase-2) and eicosanoid (COX-2) production, and Toll-like pathogen pattern-recognition
receptors TLR-3, TLR-5 and TLR-9, in two lympho-haematopoietic stromal cell lines derived from the
spleen (trout splenic stroma, TSS) and the pronephros (trout pronephric stroma-2, TPS-2) of rainbow
trout (Oncorhynchus mykiss), as well as in primary cultures of rainbow trout head kidney macrophages,
after their exposure to the well-known immunostimulants LPS, levamisole and poly I:C.

Although there were differences in the responses between the two stromal cell lines, using reverse
transcription followed by real time polymerase chain reaction (RT-qPCR) we demonstrated that exposure
to the immunostimulants, particularly poly I:C and LPS, resulted in significant changes in the expression
of the immunoregulatory genes in the two stromal cell lines in many cases their responses resembling in
fold change magnitudes and in response profiles to those observed in the primary macrophage cultures.
Exposure to poly I:C and, with lower fold change values, to LPS produced upregulation of the pro- (IL-1b,
IL-8, TNF-a) and anti-inflammatory (IL-10) cytokine genes, as well as of the Mx-1 gene. Furthermore, the
immunostimulation elicited the upregulation of COX-2, iNOS and arginase-2 genes in the cell lines.
Likewise, the TSS and TPS-2 cell lines significantly upregulated the expression of TLR-3, TLR-5 and TLR-9
genes after exposure to the immunostimulants, thus explaining the ability of the stromal cells to
recognise and respond to the immunostimulants.

Such results give support to an important role of lympho-haematopoietic stromal cells in the devel-
opment and control of pro-inflammatory responses in fish. The upregulation of genes of pro-inflammatory
cytokines and of mediators of the innate immune responses correlates well with the previously demon-
strated functional capacities, including phagocytosis, microbicidal activity andNOproduction, exhibited by
the TSS and TPS-2 stromal cell lines when exposed to the same immunostimulants. On the other hand, the
expression of immunosuppressing genes (IL-10, COX-2 and arginase-2) demonstrate that the lympho-
haematopoietic stromal cells are also able to contribute to the control of inflammatory responses.

This study reinforce the possibility of using histotypic cell cultures, as those formed by the TSS and
TPS-2 cell lines, formed by heterogeneous cell populations that partially replicates the cellecell and cell-
extracellular matrix interactions, to develop cost-effective and repetitive in vitro systems for the
screening of immunostimulant candidates for aquaculture, as they are able to replicate in vitro immune
regulatory networks occurring in vivo.

� 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Immunostimulants, which primarily activate non-specific
cellular mechanisms mediating innate immunity [1,2], are consid-
ered to be safe and cost-effective drugs for the health protection of
aquacultured fish by providing sufficient protection against a range
of fish pathogens [1].

Abbreviations: HK, head kidney; iNOS, inducible nitric oxide synthase; PAMPs,
pathogen-associated molecular patterns; PRRs, pattern-recognition receptors; TPS-2,
trout stromal cell line from the pronephros; TSS, trout stromal cell line from the
spleen.
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Most immunostimulants are recognized as specific pathogen-
associated molecular patterns (PAMPs) [3], which are detected by
pattern-recognition receptors (PRRs) in the host cells, as Toll-like
[4] and RIG-1 receptors [5]. The binding of these receptors with
their respective PAMPs can trigger intracellular signalling pathways
leading to the production and release of pro-inflammatory cyto-
kines, whichmediate the onset of the innate immune responses [6].
Among the innate effector responses, microbicidal/cytotoxic ac-
tivities, such as phagocytosis, increased respiratory burst, and
release of bactericidal molecules, in macrophages, granulocytes,
and other cells of the innate immune system, are of major impor-
tance [7].

In a previous paper we have demonstrated that two stromal
cell lines derived from the spleen (trout splenic stroma, TSS) and
the pronephros (trout pronephric stroma-2, TPS-2) of rainbow
trout (Oncorhynchus mykiss) were also able to show innate
defence responses, including phagocytic activity, and intracel-
lular/extracellular reactive oxygen species and nitric oxide pro-
duction, and that such responses increased after exposure to
the well-known stimulants of the fish immune system lipopoly-
saccharide (LPS), levamisole, or polyinosinic polycytidylic acid
(poly I:C) [8]. Moreover, the two stromal cell lines constitutively
expressed the pathogen pattern-recognition receptors (PRRs) Toll-
like receptors TLR-3, TLR-5 and TLR-9 genes, and were also able to
respond to macrophage-derived factors contained in conditioned
supernatants from levamisole- or poly I:C-stimulated macrophage
cultures from the head kidney (HK macrophages) of rainbow
trout [8].

Those results indicate that the stromal cells of themain lympho-
haemopoietic organs of O. mykiss may have a role in the develop-
ment of innate immunity responses being players of defence re-
sponses and targets of immunoregulatory factors. Therefore, we
suggested that the stromal cell lines may serve to develop in vitro
methods to select new immunostimulant candidates for aquacul-
ture, which may constitute a cost-effective alternative to in vivo
experimentation, as they may give more repetitive results under a
highly controlled experimental environment [9,10]. In this sense, it
has been recently reported the use of a fibroblast cell line (SAF-1)
from Sparus aurata to demonstrate that Aloe arborescens Miller leaf
components may be used as an immunostimulant, as such natural
plant extracts elicited the expression of different immune-related
genes in the SAF-1 cells when co-stimulated with the plant ex-
tracts and LPS or poly I:C [11].

To further confirm such idea, we report here the differential
expression of various genes related to the regulation of innate
immune responses, including pro-inflammatory (IL-1b1, IL-8, TNF-
a1, TNF-a2) and immune-suppressing (IL-10) cytokines, of the
interferon-induced Mx-1 protein; of enzymes regulating nitric
oxide (NO) (iNOS, arginase-2) and eicosanoid (COX-2) production,
and of the Toll-like PRRs TLR-3, TLR-5 and TLR-9, in the TPS-2 and
TSS cell lines, as well as in cultures of rainbow trout HK macro-
phages, after their exposure to the same immunostimulants used in
the previous paper [8].

2. Materials and methods

2.1. Animals

Healthy specimens of rainbow trout (O. mykiss), weighing 150e
300 g, were obtained from a fish farm (“Los Leoneses”, Castrillo del
Porma, León, Spain). They were housed at the Animal Facility of the
University of León and maintained in re-circulating freshwater
stock tanks (300 L) at 14 �C, with a 12 h light/12 h dark photoperiod
and fed daily with a commercial diet (Trouw T6 Classics 3P, Trouw
España, Spain).

Prior to any experiment, fish were acclimatized to laboratory
conditions for at least 2 weeks, and observed during this period for
any clinical sign. All experimental procedures described comply
with the Guidelines of the European Union Council (2010/63/EU)
for the use of laboratory animals. When necessary, fish were
anaesthetized and euthanized with tricaine methanesulphonate
(MS-222, Sigma).

2.2. Cell culture

Cell cultures of rainbow trout stromal cell lines from the pro-
nephros (TPS-2) and spleen (TSS) established in our laboratory [12],
and of isolated head kidney macrophages (HK macrophages) were
used. The main phenotypical and functional features of TPS-2 and
TSS cell lines, the methods for their routine maintenance and
passages have been described previously [8]. Routine cell culture
medium consisted of RPMI-1640 with 25 mM HEPES (Invitrogen)
supplemented with 20% FCS, 2 mM L-glutamine (Biochrom),
2.5 mM sodium pyruvate (Merck), 50 mM 2-mercaptoethanol
(Merck), 50 mg/ml gentamicin (Biochrom), 2 mg/ml Amphotericin
B (Biochrom), and a solution of adenosine, cytosine, guanidine and
uridine (Sigma) 0.1% w/v.

HK macrophages were also isolated and cultured as described
[8] according to Secombes [13]. Purified plastic-adherent cells from
pronephric leukocyte cell suspensions were cultured in 96-well
non-pyrogenic polystyrene plates (Corning Inc.) using RPMI-1640
without phenol red with 25 mM HEPES (Invitrogen) and supple-
mented with 2% FCS, 50 mg/ml gentamicin and 2 mg/ml Ampho-
tericin B.

For the different experiments, the TPS-2 and TSS cell lines and
HK macrophages were seeded on 25 cm2 non-pyrogenic poly-
styrene flasks (Corning Inc.) and grown to subconfluence at 18 �C
under air atmosphere.

2.3. In vitro immunostimulation

The TPS-2 and TSS cell lines and the HK macrophages were
stimulated by exposing them to LPS from Salmonella typhimurium
(Sigma), levamisole (Sigma), or polyinosinic polycytidylic acid (poly
I:C, Sigma) using the same concentrations (LPS: was 5 and 50 mg/
ml; levamisole: 5 and 25 mg/ml; poly I:C: 1, 50 and 100 mg/ml)
previously described to study the effect of these immunostimulants
on the innate defence-related responses of the two cell lines and of
HK macrophages [8]. The immunostimulants were dissolved to the
appropriate final concentration in RPMI-1640 without phenol red
containing 25mMHEPES, 2% FCS, 50 mg/ml gentamicin, and 2 mg/ml
Amphotericin B. Subconfluent cell cultures in 25 cm2

flasks were
exposed to the immunostimulants for 4 or 24 h at 18 �C by adding
100 ml/flask of the immunostimulant solution. Control flasks had
the same volume of mediumwithout the immunostimulant. All the
experiments were run in triplicate, and independently repeated
twice.

2.4. Gene expression analysis

The differential expressions of the innate immune-related genes
shown in Table 1 were study in the stimulated TPS-2, TSS and HK
macrophages cultures using reverse transcriptase-real time quan-
titative PCR analysis (RT-qPCR).

A preliminary studywas carried out to confirm that the different
genes included in this study were expressed in the cell lines
as well as in the HK macrophages. For this, we used conventional
RT-PCR and visualization of the amplification products in ethidium
bromide stained agarose gels as previously described [8] (see
Supplementary data).
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