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Introduction
Cytokines are the signalling molecules within the immune system. Typically they have a low
constitutive expression but on stimulation by infection or an inflammatory insult they are rap-
idly turned on. They can both initiate and regulate inflammatory reactions and several are im-
portant accessory factors required for optimal stimulation of the specific defences. Within fish
several of the key cytokine genes have been cloned in recent years, including molecules such as
interleukin-1β (IL-1β)(Zou et al., 1999; Scapigliati et al., 2001), tumor necrosis factor a
(TNFa)(Hirono et al., 2000; Laing et al., 2001), transforming growth factor-β (TGF-β)(Hardie et
al., 1998; Laing et al., 2000), and several chemokines (see below for definition) including IL-8
(Laing et al., in press) and γ interferon inducible protein (γIP)(Laing & Secombes, 2001) amongst
others (Dixon et al., 1998; Kono & Sakai, 2001).

The cloning of these genes is allowing in
depth study of where these molecules are ex-
pressed, what factors affect expression and
what is the activity of the proteins they en-
code. As the first fish genome programmes
are finished, the number of known cytokine
genes in fish is very likely to increase further,
leading to a new era in our understanding of
how fish immune responses are controlled.
Since many of these molecules will be
immunostimulatory, the possibility exists that
they will be of use as vaccine adjuvants or
immunostimulants in their own right. Indeed,
many studies have addressed this in mam-
mals, where cytokines are seen as allowing a
more directed stimulation of protective im-
mune responses elicited by vaccines (Myers
& Murtaugh, 1995; Schijns & Horzinek, 1997).
Expression of cytokines can also be used as
correlates of disease states.

Cytokine genes
Two of the fish cytokines now sequenced, IL-
1β and TNFα, are crucial for inflammatory
events. In mammals they are known to be part
of a cytokine cascade induced by infection
with Gram negative bacteria, with induction
of TNFα subsequently resulting in induction
of IL-1β, and a number of downstream
cytokines such as IL-6, IL-8 and IL-12. The
TNFα  gene was discovered as part of EST
studies in the Japanese flounder (Hirono et
al., 2000) and was the first non-mammalian
TNF discovered. The flounder sequence
shows 29-31% amino acid identity with hu-
man TNF molecules, of which three exist,
TNFα , TNFβ (LT) and LTβ. It has been as-
cribed as a TNFa since it does not have a sig-
nal peptide but does have a hydrophobic
transmembrane domain in common with
TNFα. In addition, the gene organisation is
TNFα-like. The gene has also been sequenced
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in several other fish species, including rain-
bow trout (Laing et al., 2001), brook trout
(Bobe et al., 2000) and channel catfish (Zou et
al., 2001). In rainbow trout two TNFα genes
have been discovered (Zou et al., 2002), a situ-
ation seen with many genes in a number of
fish species (Wittbrodt et al., 1998). Whilst
these two genes share high (91.5%) amino acid
identity, they show differential expression in
response to LPS stimulation and differences
in their promoters in terms of identified regu-
latory elements (Zou et al., 2002). Thus it is
necessary to produce both molecules as
recombinant proteins to determine if they
have differential biological activity. If this is
true for all cytokine genes in trout, then clearly
there is a lot of work to be done to establish
the relative importance of each gene discov-
ered.

IL-1β was initially discovered in fish (rainbow
trout) by homology cloning, using probes to
the known mammalian genes (Zou et al.,
1999). Since then it has been discovered in
other species using the trout probes (eg
seabass, Scapigliati et al., 2001) and in EST
type analysis in carp (Fujiki et al., 2000; Yin &
Kwang, 2000). The trout IL-1β molecule has
28-31% amino acid identity to mammalian
genes, and only slightly higher identity to
carp (36%), reflecting the large evolutionary
distance between many fish species. As with
TNF there are two IL-1β genes in trout
(Pleguezuelos et al., 2000), and this is also the
case in cyprinids (Engelsma et al., 2000). In
trout the two genes share some 83% amino
acid identity and the IL-1β2 cDNA has two 3
amino acid deletions relative to IL-1β1. How-
ever, when comparing the genomic sequences
(Fig. 1) it is clear that one of the deletions oc-
curs as a result of an altered splicing of intron 3.

In trout, both genes are induced by stimula-
tion with LPS or Gram negative bacteria, and
are expressed in a wide range of lymphoid
tissues (eg blood, kidney, spleen, gill). One of
the biggest differences to the known mamma-
lian molecules is the apparent lack of a cut
site for interleukin converting enzyme (ICE)
which processes the precursor form of IL-1β
in mammals to give the biologically active
mature peptide. Whilst it is expected that the
fish molecules are produced as precursors that
are cleaved this does need formal confirma-
tion. Nevertheless, production of a predicted
mature peptide has been carried out in trout
(Hong et al., 2001) and carp (Yin & Kwang,
2000), and in both cases the produced
recombinant protein is active biologically. In
trout rIL-1b can induce expression of immune
genes, such as IL-1β itself, TNFα, COX2 and
MHC II (Hong et al., 2001; Laing et al., 2001).
It can also increase leucocyte migration
(Peddie et al., 2001) and phagocytosis (Hong
et al., 2001),

Chemokines are cytokines that serve to attract
leucocytes into particular environments or to
a site of infection. They are subdivided into
four families, based upon the presence of
cysteine molecules at the amino end of the
peptide, and whether they are single, in pairs
or in pairs and separated by amino acids (X);

Fig. 1. Comparison of the IL-1β genes from rainbow
trout. Both genes have a 6 exon/ 5 intron
organisation, with a 9 bp deletion (D) from the
coding region of exon 3 and an altered splicing (AS)
of intron 3, resulting in a 6 amino acid difference in
the predicted proteins. Shaded boxes are the
untranslated regions, open boxes the coding region.
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e.g. C, CC, CXC and CX3C. Most members
belong to the CC and CXC families, and rep-
resentatives of both of these families have
been found in fish. Indeed, partial sequences
in fish EST databases suggest that many
chemokine sequences exist in fish. The
chemokine IL-8 has been discovered in Japa-
nese flounder and rainbow trout (Laing et al.,
in press) and is a major attractant and activa-
tor of neutrophils. It shows 48-51% nucleotide
identity with known mammalian IL-8 genes,
and can be up-regulated by stimulation with
LPS. In contrast, a second CXC chemokine
discovered in trout, similar to mammalian γIP,
is preferentially induced by poly I:C rather
than LPS and is known to be a T cell attract-
ant in mammals. Several CC chemokines have
also been discovered (Dixon et al., 1998; Kono
& Sakai, 2001), although the function of these
molecules remains to be determined.

Cytokines as adjuvants
Whilst there are many studies in mammals
(Gherardi et al., 2001; van Slooten et al., 2001),
and increasing studies in birds (Min et al.,
2001) on the use of cytokines as vaccine
adjuvants, only a single study currently ex-
ists in fish (Yin & Kwang, 2000). In this study,
a predicted mature peptide of carp IL-1β (be-

ginning at T115) was added to a formalin killed
Aeromonas hydrophila bacterin at 1 mg per fish
(120-160 g in weight) and injected
intraperitoneally at day 0 and 14. At day 21
the serum agglutinating antibody titre was
determined  and was significantly higher in
fish administered the bacterin plus IL-1β rela-
tive to fish given the bacterin alone.

Mammalian studies have shown that in ad-
dition to effects on systemic immune re-
sponses, cytokine adjuvants can increase
mucosal immune responses (Boyaka &
Mcghee, 2001) and cytokine genes can in-
crease the activity of DNA vaccines (Nobiron
et al., 2001; Kim et al., 2001). Thus the poten-
tial for fish cytokines to increase the efficacy
of current vaccines is high.

Cytokines as immunostimulants
As with the adjuvant studies above, to date
there have been few studies looking at the
immunostimulant properties of fish
cytokines. Nevertheless, their involvement in
protective immune responses induced by con-
ventional immunostimulants such as glucans
(Fig. 2) is well known in mammals (Secombes
& Scheerlinck, 1999), and increasing indirect
evidence is accumulating to suggest the same

Fig. 2. Stimulation of mammalian macrophages (mf) with glucans results in successive waves of cytokine
release, ultimately increasing the activity of many leucocyte subpopulations.
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will be true in fish. For example, in fish the
immunostimulant Ergosan, containing alginic
acid extracted from Laminaria digitata, is able
to increase a number of cellular immune pa-
rameters and this correlates with up-regula-
tion of the expression of IL-1β, IL-8 and TNFα
(Peddie et al., in press a). Synthetic
oligonucleotides containing unmethylated
CpG motifs are potent immunostimulants in
mammals (Stacey et al., 1996; Krieg, 2000) and
have recently been shown to be active in fish
(Kanellos et al., 1999). Stimulation of trout
leucocytes with CpGs can induce interferon
release and IL-1β expression (Jørgensen et al.,
2001a, 2001b), suggesting that at least some
of the effects seen in fish are a result of
cytokine activity. Trout rIL-1β certainly has a
range of effects in vivo, including the induc-
tion of immune gene expression and partial
protection against bacterial challenge (unpub-
lished observations), suggesting that
cytokines will be of potential use as
immunostimulants in fish

Cytokine derived peptides
With some cytokines, peptides derived from
regions of the molecule that are known to bind
to the receptor have been shown to have
bioactivity. For example, with IL-1β a
nonapeptide corresponding to amino acids
163-171 of the human IL-1β protein
(VQGEESNDK) has immunostimulatory
properties but lacks the pyrogenic and inflam-
matory effects of the full molecule (Antoni et
al., 1986). Since the crystal structure of human
IL-1β complexed with it receptor has now
been determined (Vigers et al., 1997), it is pos-
sible to analyse in detail the location of this
peptide. This reveals that a high percentage
of the amino acids within the nonapeptide
make contact with the IL-1R in the full length
molecule (Fig. 3). Using this information, two
trout IL-1β derived peptides (P1 and P3) have
been synthesised, that are predicted to con-
tain regions of the receptor binding domain
(Peddie et al., 2001). P3, YRRNTGVDIS, has
been shown to be particularly potent, and is
able to increase the migration, phagocytosis
and bactericidal activity of trout head kidney
leucocytes (Peddie et al., 2001; Peddie et al.,
in press). Thus, in some instances it may be
possible that cytokine-derived peptides will
have value as vaccine adjuvants and
immunostimulants in fish, in addition to the
recombinant proteins. Indeed, that such
peptides may only elicit part of the full reper-
toire of biological effects of the complete mol-
ecule may allow some tailoring of the re-
sponses induced. For example, it may be pos-
sible to have an immunostimulatory effect
without concomitant inflammatory or stress
effects. However, the complexing of cytokines
to their receptors can be a complicated affair,
sometimes involving dimers or even trimers,

Fig. 3. Crystal structure of human IL-1β complexed
with the IL-1R. The three immunoglobulin (Ig)
domains of the extracellular region of the IL-1R are
shown as ribbons. The IL-1β molecule is shown as
spheres where individual amino acids make contact
with the IL-1R, with the remainder of the molecule
as a ribbon.
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and it is unlikely that in all cases peptides with
biological activity can be produced.

Conclusions
Whilst there are undoubtedly many more fish
cytokine genes to be discovered, some of those
now cloned and sequenced are key players
within the immune system and have the po-
tential for use as vaccine adjuvants and
immunostimulants. Production of the
recombinant molecules will be necessary for
many uses but vectors containing the cloned
cytokine genes could have some value, as well
as peptides derived from the cytokine se-
quences. Clearly we are only just scratching
the surface of the potential use of cytokines
in the fight against diseases in fish.
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