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ARTICLE INFO ABSTRACT

Keywords: Monogeneans of the genus Gyrodactylus are well-known pathogens causing huge mortalities in wild and cultured
Gyrodactylus fish. Cytokine expression is one of most important host defense mechanisms against parasite infections. In this
Infection study, the expression pattern of the key pro-inflammatory (IL-1p, IL-8, IFN-y, TNF-a, IL-12 and iNOS) and anti-
I(\:’I;‘;i?j::a“ inflammatory cytokine genes (IL-10, TGFB and IL-4) of Gyrodactylus kobayashii infected goldfish (Carassius

auratus) were determined by real-time quantitative PCR analysis. Our results showed that G. kobayashii infection
caused increased expression of the pro-inflammatory cytokines including IFN-y, TNF-a and iNOS in all detected
tissues throughout the infection period. Among these genes, iNOS has the highest transcript level accompanied
with increased nitric oxide (NO) concentration in the serum of all infected goldfish. The mRNA level of IL-1f in
the liver, spleen and head kidney was significantly up-regulated during the early stage of infection (days 2-8).
While high expression level of IL-8 and IL-12 was observed during the elimination phase of infection (days
10-14). As for anti-inflammatory cytokines, the expression profiles of IL-10 were distinct from those of TGF-3
and IL-4. Specifically, the mRNA level of IL-10 did not increase in the spleen and head kidney during the early
stage of infection, while increased expression of TGF-f and IL-4 were likewise seen. Besides, all infected fish had
significantly higher complement C3 but lower IgM levels than the non-infected fish. The results provide insights
into the interaction between gyrodactylids and the fish host, and indicate that systemic cytokine responses are

Gene expression

critical for controlling parasite infection in fish.

1. Introduction

Species of Gyrodactylus are common ectoparasites found worldwide
on freshwater, brackish water and marine fish [1-3]. These helminths
are renowned for short generation times with adults giving birth to fully
grown pregnant offspring [2]. Gyrodactylus infect fish by attaching to
the external surfaces where they can cause significant tissue damage
[4-6]. Sequentially, the wounds on epidermis facilitate potential mixed
infection by other pathogens, resulting in high rates of host mortality
and considerable economic losses in aquaculture [2,7,8]. Following the
devastating impact that Gyrodactylus salaris has had on wild Atlantic
salmon, there has been growing interest in controlling Gyrodactylus
infection. Previous studies have shown that fish rise effective immune
response against the infection of Gyrodactylus and finally eliminate the
parasites [2]. However, the host factors that contribute to the induction
of protective immunity remain elusive.

Researches have indicated that complement factors from fish serum
and mucus have lethal effects on gyrodactylids [2,9,10], and lectins
may be also involved in the immune responses against Gyrodactylus
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infection [11]. In addition, the role of cytokines in controlling the in-
fection of Gyrodactylus has been intensively studied. For instance, IL-13
has been shown to be capable of mounting an appropriate response
against Gyrodactylus derjavini infection [12]. Similar results were re-
ported in Nile tilapia (Oreochromis niloticus), where IL-13 and IL-8 ex-
pression increased in the skin in response to Gyrodactylus cichlidarum
infection [13]. Recently, Zhou et al. [14] observed a significant increase
of IL-1f3 expression in goldfish (Carassius auratus) after Gyrodactylus
kobayashii infection, accompanied by a similar response pattern of the
immune response mediating TNFal, TNFa2 and TGF-f3 in the skin.
However, these studies were focused on the role of cytokines on the
parasitic site skin. Other tissues particularly in immune organs and the
role of anti-inflammatory cytokines during Gyrodactylus infection has
been underestimated. The balance of pro-inflammatory and anti-in-
flammatory cytokines is a factor that determines the characteristics of
infection and is decisive to reach a necessary balance between parasites
and their host [15,16]. There is little information regarding pro- and
anti-inflammatory cytokines in fish and their relation to Gyrodactylus
infection.
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Goldfish (Carassius auratus), a freshwater fish in the family
Cyprinidae, is one of the most frequently cultured ornamental fish
species worldwide [17-19]. However, it is highly susceptible to gyro-
dactylids infection, particularly to G. kobayashii infection, about 80%
mortality has been documented [20]. While little knowledge is avail-
able on the cytokine network and the various regulatory pathways in-
volved in the immunity of goldfish during G. kobayashii infection. In
this study, we investigated the expression pattern of a series of pro-
inflammatory genes encoding IL-1(, IL-8, IFN-y, TNF-a, IL-12 and iNOS
as well as anti-inflammatory genes encoding IL-10, TGF-$ and IL-4 in
goldfish liver, spleen and head kidney during G. kobayashii infection.
Besides, critical host immune factors including nitric oxide (NO),
complement C3 and IgM in serum were also examined.

2. Materials and methods
2.1. Fish and parasites

Goldfish were purchased from a local fish farm in Xi'an city, China
and kept in indoor aerated tanks with circulating water. After accli-
mation under laboratory conditions for two weeks, all fish were treated
with consecutive baths using praziquantel at a concentration of 2.5 mg/
L for 12 h to eliminate possible ectoparasites [6]. Goldfish-G. kobayashii
model was established following the method described by our previous
study [6]. All goldfish were maintained in conformity with the General
Recommendation of Chinese Experimental Animals Administration
Legislation.

2.2. Experimental infection and tissue sampling

One hundred healthy goldfish (weight, 5.65 + 1.19 g) were trans-
ferred into a 300-L aquarium. After an acclimation for 7 days, all fish
were cohabitated with the goldfish single-infested with G. kobayashii in
a ratio of 1:2. Those infected goldfish (13.56 + 3.24 g) were main-
tained in our laboratory and the size was lager to differentiate the
healthy ones. During G. kobayashii infection, the fish were kept at 20 °C
with 200 L water on a simulated natural photoperiod and fed to satia-
tion daily with commercial goldfish diet. Three fish from the aquarium
were chosen at random and euthanized with 0.02% MS222 (Sigma)
every other day post infection (p.i.) with G. kobayashii. The number of
gyrodactylids on both sides of the caudal fin was counted under a ste-
reomicroscope for parasitological analysis [14]. Blood was collected
from the caudal vein of fish and allowed to clot at room temperature for
1-2h and then at 4°C overnight. Serum was collected after cen-
trifugation at 750g for 10 min, divided into several aliquots and stored
at —20°C until use [21,22]. Afterwards, the liver, spleen and head
kidney were removed from each fish, immediately immersed in TRIzol
reagent and stored in —80 °C until RNA extraction [19]. Meanwhile,
selected goldfish was checked to verify pathogen status according to the
methods described by Noga [23], and the examination results revealed
no other pathogens were found excepted G. kobayashii. Three unin-
fected fish at 0 day were processed in the same way as a control.

2.3. Total RNA extraction and cDNA synthesis

Organs stored in TRIzol reagent were homogenized with a motor-
driven tissue grinder (Sangon Biotech. Co., Ltd., Shanghai, China). Total
RNA was extracted using standard chloroform phase separation and
isopropanol precipitation according to the manufacturer's protocol.
RNA concentrations were determined by a spectrophotometer at
260 nm and the purity of RNA was assessed by measuring OD260 nm/
OD280 nm ratio (range 1.90-2.08). The RNA samples were DNase
treated and then reverse transcribed into cDNA using the reverse
transcriptase kit from Takara following the instructions of manu-
facturer. All the RNA and cDNAs templates were stored at —80 °C until
used.
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Table 1
List of primers sequences used in real time RT-PCR.

Genes Primer sequences (from 5’ to 3’) Accession no.

IL-1B Fwd: GATGCGCTGCTCAGCTTCT AJ249137
Rev: AGTGGGTGCTACATTAACCATACG

1L-8 Fwd: CTGAGAGTCGACGCATTGGAA KC184490
Rev: TGGTGTCTTTACAGTGTGAGTTTGG

IFN-y Fwd: GAAACCCTATGGGCGATCAA EU909368
Rev: GTAGACACGCTTCAGCTCAAACA

TNF-a Fwd: CATTCCTACGGATGGCATTTACTT EU069817
Rev: CCTCAGGAATGTCAGTCTTGCAT

IL-12 Fwd: CTTCAGAAGCAGCTTTGTTGTTG LN592213.1
Rev: CAGTTTTTGAGAGCTCACCAATATC

iNOS Fwd: TTGGTACATGGGCACTGAGATT AY904362
Rev: CCAACCCGCTCAAGAACATT

IL-10 Fwd: CAAGGAGCTCCGTTCTGCAT HQ259106
Rev: TCGAGTAATGGTGCCAAGTCATCA

TGF-B Fwd: GTACACTACGGCGGAGGATTG EU086521
Rev: CGCTTCGATTCGCTTTCTCT

1L-4 Fwd: CGATTGTAGCCGTTACTGGGT KX574595
Rev: TGGCAAATGTGTTCCTCCG

B-actin Fwd: GATGCGGAAACTGGAAAGGG AB039726

Rev: ATGAGGGCAGAGTGGTAGACG

2.4. Real-time gPCR

Gene-specific primers were designed with Primer Premier 5 soft-
ware and listed in Table 1, B-actin was used as the internal reference.
The real-time PCR reactions were carried out in a CFX96 Real-Time PCR
Detection System (Bio-Rad, USA). Each reaction was done in 15 L final
volume containing 7.5 uL SYBR Premix Ex Taq™ (TaKaRa), 1.0 pL of
cDNA template, 0.5 uM of each primer. Each individual sample was run
in triplicate. The PCR cycling reactions were initially denatured at 95 °C
for 30 s followed by 40 cycles of 95 °C for 5, 60 °C for 30 s. The melting
curve analysis of 5s per step from 65 to 95 °C after amplification was
conducted to assess primer specificity.

2.5. Assays of complement C3, IgM and NO

At the specific observation time, three fish were sampled to de-
termine the content changes of C3, IgM and nitric oxide in serum during
G. kobayashii infection. The concentrations of complement C3 and IgM
were determined by using the commercially available ELISA Kkits
(Xinlebio, China) according to the manufacturer's instructions. Total
NO production in the serum was determined by measuring the con-
centration of nitrate and nitrite (a stable metabolite of NO) by modified
Griess reaction method [24,25]. Total Nitric Oxide Assay Kit (Beyotime,
China) was used. The optical densities at 540 nm wavelength were re-
corded using a Micro-plate Reader (Thermo MutliscanMK3; MA, USA)
and total nitrite/nitrate concentration was calculated by using standard
of sodium nitrate.

2.6. Statistical analysis

The mRNA expression level of the target cytokines relative to the
reference gene were analyzed using the 2724 method [26]. The serum
concentration of complement C3, IgM and NO in the infected and
control groups was calculated according to instructions of commercial
kits. All data were expressed as mean *= SD and the significant dif-
ference between the control and infected groups was assessed by one-
way ANOVA followed by Dunnett test after normalization. All statistical
tests in this study were performed by SPSS 24.0 for Windows and the
differences with a p-value of less than 0.05 regarded as significant.
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Fig. 1. Abundances of Gyrodactylus kobayashii on goldfish (Carassius auratus) at
various days post infection. Three individuals were sampled every other day
post infection for two weeks, and the number of parasites on both sides of the
caudal fin was counted under a stereomicroscope. Values are average, floating
bars (min to max).

3. Results
3.1. Parasite infection dynamics

Abundances of infection with G. kobayashii on goldfish were shown
in Fig. 1. During the infection, infecting G. kobayashii numbers found on
goldfish increased rapidly during the first 8 days post exposure, with a
peak at day 8 p.i. (abundance, 1103; SD, 212). Subsequently, the
numbers of G. kobayashii decreased sharply at day 10 p.i. (abundance,
10; SD, 2.16) and finally the parasite disappeared in the next two
samplings. Furthermore, scanning electron micrograph (SEM) ob-
servations of a heavy G. kobayashii infection and the wounds on the tail
fin of goldfish caused by opisthaptor were displayed in Fig. 2.
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3.2. Cytokine gene expression in liver of goldfish

To understand the immune response elicited during G. kobayashii
infection of goldfish, we measured the expression of genes encoding
pro-inflammatory cytokines IL-1f, IL-8, IFN-y, TNF-a, IL-12 and iNOS,
and anti-inflammatory cytokines IL-10, TGF-B and IL-4 using quanti-
tative PCR. We compared the cytokines expression in the liver, spleen
and head kidney in infected and non-infected goldfish. The mRNA ex-
pression levels of pro- and anti-inflammatory cytokines in liver were
seen in Fig. 3.

During this experiment, a significant increase in expression levels of
the pro-inflammatory cytokine IL-13 was seen during the early stage of
infection (days 2-6, Fig. 3A), with a peak occurring at day 2 p.i. (16.75-
fold). Correspondingly, significant increases in transcription levels of
IL-8 (1.48-3.86 fold) could be observed in all tested points (Fig. 3B).
This also applied for IFN-y and TNF-a, though these apparent increases
were not statistically significant (Fig. 3C and D). Besides, lower mRNA
levels of another pro-inflammatory cytokine IL-12 were detected in first
8 days after infection, but the transcription levels were significantly
upregulated during the elimination phase of infection (days 10-12;
Fig. 3E). Curiously, the mRNA levels of iNOS were significantly ele-
vated and attained their peak 220-fold at day 2 p.i. (Fig. 3F). Con-
cerning anti-inflammatory cytokines, the expression of IL-10, TGF-f3
and IL-4 exhibited the similar patterns with low transcript levels at the
early stage of infection but high transcript levels at the late stage of
infection (Fig. 3G-I).

3.3. Cytokine gene expression in spleen of goldfish

The expression pattern of the spleen was generally different from
what was observed in the liver. An upregulation of IL-1f could be de-
tected in first 8 days p.i. and its transcript level showed no apparent
changes at days 10-14 (Fig. 4A). Significant decreases in IL-8 tran-
scription levels were seen from 2 until 10 days p.i., with a tendency to
upregulation at days 12 and 14 p.i. Similar expression patterns were
detected for IL-12 (Fig. 4E). Obvious increases in the mRNA levels of
IFN-y, TNF-a and iNOS were observed at days 2, 8 and 14 p.i. Similar

Fig. 2. Scanning electron micrograph of a heavy Gyrodactylus kobayashii infection and the wounds on the tail fin of goldfish caused by opisthaptor. Scale bars:

A = 300 um; B-D = 50 um.
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Fig. 3. Transcription levels of IL-1f (A), IL-8 (B), TFN-y (C), TNF-a (D), IL-12 (E), iNOS (F), IL-10 (G), TGF-f (H) and IL-4 (I) in the liver of goldfish (Carassius auratus)
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during Gyrodactylus kobayashii infection. Bars indicate mean value

SD of three samples at different infection days. Differences between uninfected and infected

groups were analyzed by one-way ANOVA, where asterisks indicate a significant difference (P < 0.05).

with the findings in liver of G. kobayashii infected goldfish, transcrip-
tion of the pro-inflammatory cytokine iNOS was distinctly upregulated
in the acute phase of infection (days 2-8), reaching a peak at day 2 p.i.
(250-fold). In the case of anti-inflammatory cytokines, the expression of
IL-10 was significantly inhibited in the first 8 days p.i. and then induced
at the remaining three time points (Fig. 4G). In addition, the mRNA
level of TGF-B was higher during elimination phase of the infection
(days 10-14), while transcription of IL-4 was upregulated at almost all
sample times with the exception of day 4 p.i. (Fig. 4H and D).

3.4. Cytokine gene expression in head kidney of goldfish

In the head kidney, we observed up-regulation of IL-1f during the
acute phase of infection, at days 2, 6 and 8 p.i. (Fig. 5A). This early
expression was followed by a depression at days 10 and 12. A late and
significant increase in the expression of IL-13 was however seen at day
14 (1.26-fold). Besides, the mRNA levels of IL-8, IFN-y, TNF-a and iNOS
were much higher in infected fish at all time points tested (Fig. 5). With
respect to anti-inflammatory cytokines, G. kobayashii induced a de-
crease of IL-10 (0.42-fold) at day 2 p.i., which was followed by up-
regulation of this transcript at days 10 and 14 p.i. (Fig. 5G). The mRNA
levels of TGF-f3 were up-regulated at all time points tested apart from
day 4 p.i. (Fig. 5H), and similar expression patterns were seen for IL-4.

3.5. The ratios of pro-inflammatory to anti-inflammatory cytokines

To better understand the temporal trends in gene expression of pro-

119

and anti-inflammatory cytokines in the liver, spleen and head kidney
post infection, the ratios of pro-inflammatory to anti-inflammatory
cytokines were evaluated using the pairwise comparison method. A
significantly increased ratios of IL-13/IL-10 in all the tissues were ob-
served at days 2 and 6 p.i., and followed by decrease and remained low
levels at late stage of infection (Fig. 6A). Similar temporal trends were
also suitable for the ratios of IL-13/TGF-f and IL-13/IL-4 only in the
liver, their ratios remained low throughout the infection in head kidney
(Fig. 6 D, G). The IFN-y/IL-10 and IFN-y/TGF-[3 ratios were the highest
at day 2 p.i. in the spleen and head kidney. While the peak of the ratio
of IFN-y/IL-4 was seen at day 6 p.i. in liver of the infected goldfish
(Fig. 6 H). When compared to the noninfected group, the infected
groups presented higher ratios of iNOS/IL-10, iNOS/TGF-f3 and iNOS/
IL-4 only during the acute stage of infection (d 2-8 p.i., Fig. 6 G, F, I). In
regard to the ratios of another three pro-inflammatory cytokines (IL-8,
TNF-a and IL-12) to anti-inflammatory cytokines (IL-10, TGF-f and IL-
4), their results were irregular and displayed in Fig. 18S.

3.6. Contents of nitric oxide complement C3 and IgM

NO production is regulated by iNOS expression, which was sig-
nificant up-regulated during G. kobayashii infection in this study, hence,
we further examined the NO contents in serum of goldfish during G.
kobayashii infection. As shown in Fig. 7, significant increases of serum
NO concentrations could be observed at all time points tested, with the
peak occurring at day 8 p.i. with G. kobayashii. What's more, as it was
shown that host complement has a devastating effect on monogeneans
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[9,10], we also examined the contents of complement C3 in serum of
goldfish during G. kobayashii infection. The results were seen in Fig. 8,
we found a delayed (day 6 and day 8) but a significant increase of
complement C3 contents in the serum of infected fish. Moreover, there
was no change observed in complement C3 content in the early stage of
infection (days 2 and 4 p.i.). Serum IgM contents were decrease after
infection with G. kobayashii, except for a slight increase but it was not
statistically significant at day 12 p.i. (Fig. 9).

4. Discussion

Gyrodactylus spp. are monogenean ectoparasites of fish that cause
severe disease and high mortality in aquaculture [2]. In this work, we
have described the parasite load using the goldfish-G. kobayashii model
during a two-week period. Besides, the gene expression of pro-in-
flammatory cytokines such as IL-1(, IL-8, IFN-y, TNF-a, IL-12 and iNOS,
anti-inflammatory cytokines including IL-10, TGF- and IL-4 in the
liver, spleen and head kidney of goldfish after infection with G. ko-
bayashii were also evaluated.

Gyrodactylids are renowned for short generation times with adults
giving birth to fully grown pregnant offspring [6,27]. In the present
study, an explosive growth of G. kobayashii on goldfish was observed, it
took only eight days for parasite population to reach a significantly high
level (1103 parasites/fish). Subsequently, the abundance rapidly de-
clined and finally disappeared at late stage of infection. Almost all
gyrodactylid-vertebrate interactions which have been examined show
evidence of parasite population limitation and decline [2]. And the
profiles of average load of G. kobayashii were in accordance with those
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previous reports [13,14,28,29], while the speed of population growth
here was much faster. This difference may be attributed to the high
stocking density and higher parasite populations on the donor fish,
which will reduce the fish resistance to pathogenic infections.

Damage of fish epidermis is quite obvious in Gyrodactylus infection
owing to the penetration of marginal hooklets [12]. SEM observations
corroborated earlier histological studies have demonstrated that Gyro-
dactylus infection induce a marked inflammation of the epidermis [2].
In mammals, it is known that nearly all inflammatory reactions are
followed by the production of IL-1 and TNF [30,31]. In this study, an
early and significantly elevated expression of IL-13 was detected in all
the tested tissues. IL-1f3 is central for the initiation of host reactions and
the involvement of this cytokine in anti-gyrodactylid responses has also
been reported [12]. Furthermore, IL-1p3 has been reported to activate
neutrophils and macrophages, which in turn induce the release of re-
active oxygen metabolites [32] and complement factors with known
lethal effects on Gyrodactylus spp [9,33].

Similar to IL-1B, TNF-a is an important component of early in-
flammatory events. In the present study, changes in the TNF-a tran-
script levels in liver and spleen of infected fish were different from
those observed in the head kidney. The differences observed may be
owing to the fact that these lymphoid organs have different type of cells
also associated to differential functions. In head kidney, there are a
remarkable number of macrophages able to produce large amounts of
TNF-a [34]. Production of pro-inflammatory cytokines has been studied
previously in goldfish infected with G. kobayashii. Likewise, an in-
creased expression of IL-1B and TNF-a was detected in the skin of
goldfish [14]. Besides, it has been reported that infections with other
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species of Gyrodactylus also induced higher expression of these two
cytokines [12,35]. These results point to an important role for both IL-
1B and TNF-a in the regulation of Gyrodactylus infection.

IFN-y is one of the most pivotal cytokines that plays a vital role in
macrophage activation resulting in the inhibition of parasite replication
[36]. An increased IFN-y transcription in all detected tissues was ob-
served throughout the infection period, and the peak of the expression
levels was reached at day 2 p.i. Similar results have been reported for
fish infected with parasitic ciliate Ichthyophthirius multifiliis and the
protozoan pathogen Trypanosoma cruzi [37,38]. IFN-y is the major cy-
tokines promoting Thl differentiation, which in turn activates cell-
mediated immunity that is important in parasites clearance. Un-
fortunately, there is only one work where an attempt was made to
detect the IFN-y in fish challenged with Gyrodactylus [14]. Hence, the
specific role of the important pro-inflammatory cytokine IFN-y against
monogenean infection needs to be further studied.

Surprisingly, our results showed that G. kobayashii infections eli-
cited strong iNOS expression in all tested tissues. Additionally, sig-
nificant increases in the contents of NO in goldfish serum were detected
at all time points. In mammals, pro-inflammatory cytokines such as IL-
1B, TNF-a and IFN-y have been implicated in the upregulation of iNOS
expression via NF-B activation and induction of NO [39,40]. Numerous
evidences have indicated that NO plays a vital role against invading
parasites, through either direct killing or by limiting growth [40]. Due
to low IgM levels in the serum of infected goldfish, we speculated that
the decline in parasite abundances might be mediated by NO produc-
tion. Meanwhile, unregulated NO production may lead to a variety of
damaging effects [40]. Thus, future studies on the possible adverse

effects of NO production on Gyrodactylus parasites need to be performed
to establish the mechanism of NO production against fish monogenean.

As one of the primary immunosuppressive cytokines, TGF-f is well
known to play essential roles in the progress of inflammation, as well as
tissue regeneration and wound healing [41,42]. Severe tissue damages
were observed in the skin and fins of fish with Gyrodactylus parasitizing
[2]. In this study, the increased transcription level of TGF-$ was ob-
served mainly at the late stage of infection. These results are in line
with previous studies on TGF-f3 gene expression in tissues infected by
monogeneans [33,43,44]. In addition, it was suggested that increased
production of TGF-f could suppresses production of NO from macro-
phages [45], limiting extensive tissue damage caused by high NO
production [38]. Therefore, the higher TGF-f3 expression could be ex-
plained as an immunoregulatory mechanism that retains G. kobayashii
as chronic infection at a certain intensity even elimination of infection.

We also tested expression of IL-10, which has been described as a
potent anti-inflammatory cytokine that, among other functions, mod-
ulates the expression of other cytokines [46-48]. In the present study,
the increase of IL-10 transcripts was only observed in all the three tis-
sues at late stage of infection, which coincided with the absence or low
levels of induction of pro-inflammatory cytokine IL-13. Moreover,
higher ratios of IL-1(3/IL-10 were observed in the first eight days, fol-
lowed by decrease and remained low levels at late stage of infection.
This also applied for the ratios of IFN-y/IL-10 and iNOS/IL-10. Our
results are in accordance with the role of IL-10 during infections, in-
cluding regulation and inhibition of pro-inflammatory cytokine ex-
pression, which contributes to the resolution of infections and reduction
of the tissue damage caused by these cytokines [49,50].
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Fig. 6. Ratios of pro-inflammatory (IL-1f, IFN-y and iNOS) to anti-inflammatory cytokines (IL-10, TGFf and IL-4) in the different tissues (liver, spleen and head
kidney) of goldfish during Gyrodactylus kobayashii infection. Error bars indicate the SD.

101

40 *
S 301 ///
f?20- s ** -
2 ||

Days post infection

Fig. 7. NO production in the serum of goldfish during Gyrodactylus kobayashii
infection within a two-week period. At the specific observation time, three fish
were sampled to determine the nitric oxide contents by using total nitric oxide
assay kit. Values are presented as mean * SD. Asterisks denote a response that
is significantly different from the control (one-way ANOVA, p < 0.05).

Cytokines are not typically stored proteins and their synthesis is
initiated after stimulation by gene transcription, transcript levels can
often be interpreted as protein levels [51]. In many cases, their corre-
lation is very strong, for instance, in the case of IL-12 [52] and IL-10
[53]. In the present study, the cytokine expression during G. kobayashii
infection were only determined in transcript levels by using qRT-PCR
analysis. Besides, the fish before infection (day 0) were used as control
to compare the dynamic gene expression changes in a time-resolved
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Fig. 8. The contents of complement C3 in serum of goldfish infected with
Gyrodactylus kobayashii during a two-week period. Values are presented as
mean + SD (n = 3). The asterisk represents a statistically significant difference
when compared with the controls (one-way ANOVA, p < 0.05).

fashion. The current work represents a good beginning in the compre-
hension of host defense against infection with Gyrodactylus. It is note-
worthy that a time matched controls will be better understanding of the
roles of cytokine expression during pathogen infection.

In conclusion, this study reports on the expression of genes that
encode pro- and anti-inflammatory cytokines during G. kobayashii in-
fection in goldfish. Our results indicate that IL-1f, TNF-a, IFN-y and
iNOS are expressed in goldfish during the early phase of an infection
with G. kobayashii probably initiating the inflammatory reaction. The
expression of these genes could be crucial for the recruitment of
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Fig. 9. IgM contents in serum of goldfish during Gyrodactylus kobayashii in-
fection. Values are presented as mean + SD (n = 3). The asterisk represents a
statistically significant difference when compared with the controls (one-way
ANOVA, p < 0.05).

relevant immune cells necessary for the initiation of the immune re-
actions needed to clear the infection. Besides, the production of anti-
inflammatory cytokines IL-10, TGF-f and IL-4 mainly expressed during
the late stage of infection. The balance between the pro- and anti-in-
flammatory cytokines could explain the resolution of the inflammatory
response and the survival of infected fish.
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