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ARTICLE INFO ABSTRACT

Columnaris disease, caused by Flavobacterium columnare, is one of the important bacterial diseases responsible
for large-scale mortalities in numerous freshwater fishes globally. This disease can cause up to 100% mortality
within 24 h of infection and is considered to be a cause of concern for aquaculture industry. Despite being a
serious disease, scarce information is available regarding host-pathogen interaction, particularly the modulation
of different immune genes in response to F. columnare infection. Therefore, in the present study, an attempt has
been made to study expression of important immune regulatory genes, namely IL-1f, iNOS, INF-y, IL-10, TGF-f3,
C3, MHC-I and MHC-II in gills and kidney of Catla catla following experimental infection with F. columnare. The
expression analysis of immune genes revealed that transcript levels of IL-1f, iNOS, IL-10, TGF-f, C3 and MHC-I
were significantly up-regulated (p < 0.05) in both the organs of the infected catla. IFN-y and MHC-II were up-
regulated in gills of infected catla whereas, both the genes showed down-regulation in kidney. The results
indicate that important immune genes of C. catla are modulated following infection with F. columnare. The
knowledge thus generated will strengthen the understanding of molecular pathogenesis of F. columnare in Indian
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1. Introduction

Immune mechanisms of teleosts encompass both non-specific and
specific immune responses, including humoral and cellular components
to protect against infectious diseases [1]. Innate immunity is considered
as the first line of defence against invading pathogens, which depends
on robust and coordinated gene-regulatory cascades [2-4]. These cas-
cades get activated upon recognition of microbes or microbial-asso-
ciated molecular pattern by pattern-recognition receptors of host [5],
which leads to activation of key transcription factors such as cytokines
and other key regulatory factors that orchestrate the inflammatory and
regulatory responses. These immune regulatory cascades help in elim-
inating pathogens and subsequently development of adaptive immunity
against the some specific pathogen [6]. Hence, understanding the me-
chanisms involved in immune response against invading pathogens is
essential for developing effective prophylactic measures.

Columnaris disease, caused by Flavobacterium columnare, is one of
the most frequently encountered and devastating bacterial disease in
freshwater fish, affecting numerous wild and cultured fish species [7,8].
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To date, the disease has been reported from more than 60 fish species
from Asia, Europe, North and South America, Africa and Australia, and
the host range of F. columnare is expanding [7,9,10]. The disease can
result in acute mortalities up to 100% within a short span of time and is
considered to be one of the major limiting factors in aquaculture [7].
Importantly, Catla catla, the fastest growing Indian major carp cultured
in Indian subcontinent [11], is highly susceptible to this disease [12].

F. columnare mainly affects gill and skin tissues [10] and also has the
capability to enter into the bloodstream and internal organs. To date,
most of the studies on this pathogen have been carried out on the mode
and dynamics of adhesion [13], virulence of different genomovars
[14,15] and adaptive immunity of the host [16,17]. However, in-
formation regarding the mechanisms through which F. columnare
modulates the immune response of the host to its advantage, is scarce.
Considering the same, the present study has been carried out to study
the expression pattern of important immune regulatory genes, namely
interleukin-1p (IL-1f), inducible nitric oxide synthase (iNOS), inter-
feron y (INF-y), interleukin-10 (IL-10), transforming growth factor
(TGF-B), complement component 3 (C3), major histocompatibility
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complex I and II (MHC-I and MHC-II) genes in C. catla following in-
fection with F. columnare. The studies on spatio-temporal expression of
immune genes against F. columnare will reveal mechanisms of host-
pathogen interaction which would be useful for developing future
control strategies against this important pathogen.

2. Materials and methods
2.1. Experimental animal

Healthy C. catla (53.4 + 2.41 gand 15.6 * 1.1 cm) juveniles were
procured from Live Fish Germplasm Resource Centre of ICAR-National
Bureau of Fish Genetic Resources, Lucknow, and held in fibre reinforced
plastic (FRP) tanks (1000 L) in wet laboratory with static water system
and constant aeration. Fish were fed twice daily with commercial diet
(ABIS Exports India Pvt. Ltd., Chhattisgarh, India) @ 2% body weight
and about one-third of water in the tanks was exchanged daily. The fish
were acclimatized in laboratory for 2 weeks before conducting the ex-
periment. During the experiment, temperature, dissolved oxygen, pH,
ammonia and nitrite  concentration were 24.5 * 1.4°C,
6.8 + 0.78mg/L, 8.2 *+ 0.42, < 0.5mg/L and < 0.2mg/L, respec-
tively. Prior to the experiment, five fish were sampled randomly for
examination to ensure that they were free from parasitic infestation and
F. columnare infection.

2.2. Bacteria and experimental infection

F. columnare isolate (BE-1), used in the present study, was pre-
viously isolated and the experimental infection was carried out as de-
scribed earlier [18]. Briefly, thirty fish in the infected group were
challenged by bath immersion for 60 min in 20 L of water containing
lethal dose 50 (LDso) of F. columnare (2.4 x 107 cfu/mL), calculated
previously following Reed and Muench [19]. Further, 30 fish in the
control group were challenged similarly by immersion in 20 L of water
containing sterile cytophaga broth equal to the amount of bacterial
culture used above. For studying immune gene expression, three fish
from each group were randomly sampled at 3, 6, 12, 24, 48, 72 and 96 h
post infection (hpi). Prior to collection of tissues, fish were euthanised
with 200 mg/L of MS222 (Sigma-Aldrich, St. Louis, MO, USA), and gill
and kidney tissues were taken aseptically in RNAlater (Sigma-Aldrich,
St. Louis, MO, USA) and stored at 80°C. For histopathological ex-
amination, gills from the control and infected groups were fixed in 10%
neutral buffered formalin at each sampling interval. The animal care
and experimental challenge were approved by the Institutional Animal
Ethics Committee of ICAR-NBFGR, Lucknow.

2.3. Total RNA extraction and cDNA synthesis

Total RNA was extracted separately from gill and kidney of three
individual biological replicates from infected as well as control group at
each time point. Total RNA was extracted using Trizol® Reagent
(Invitrogen, USA) as per the manufacturer's protocol. The extracted
RNA was treated with RNase-free DNase I (Thermo Scientific, USA) to
remove residual genomic DNA. The quantity and purity of RNA was
measured with Denovix DS-11 spectrophotometer (Denovix Inc., USA)
and the integrity and purity of RNA were further evaluated by elec-
trophoresis on agarose gel. One microgram of DNase-treated RNA was
reverse-transcribed using RevertAid First-Strand ¢cDNA Synthesis Kit
(Thermo Scientific, USA), primed with random hexamer primers fol-
lowing the manufacturer's instructions. The cDNA was diluted ten times
in RNase-free water and stored at — 20 °C for further use in quantitative
RT-PCR.

2.4. Quantitative reverse transcription PCR

gqRT-PCR was carried out using StepOnePlus™ Real-Time PCR

600

Fish and Shellfish Inmunology 94 (2019) 599-606

Table 1
Oligonucleotide primers used for amplification of catla cDNA target genes for
qRT-PCR studies.

Primer Primer sequence Size (bp)  Accession number
EF-1F CAATTTCTGGATGGCACGGTGAC 128 JX480501
EF-1R GGCATCCAGGGCATCAAGAAGAG

IL-1B F1 ACCCGCTTAACACACCAGCGACTT 100 AM932525
IL-1B R1 AACATCGGCCAACCTGTGTGCCT

iNOS-F1 TGGCAGAATTCAGTGGGCTA 207 AY904363
iNOS-R1 TAGCCAGCGTATCGTACCAG

INFy-F1 CACGAGCTACACAATGCACA 248 KF590042
INFy-R1 GCATACGTCTTGAGCTCTGC

IL10-1F1 CAGGATCTCAAGCGGGATATG 133 HQ221996
IL10-1R1 CAAGCTCTCCCATGGCTTTA

TGF-B F1 GTACACTACGGCGGAGGATTG 75 EU086521
TGF-f R1 CGCTTCGATTCGCTTTCTCT

C3-HF TTGGCTGGACTGTGAAACCA 130 XM026236332
C3-HR AGGTGTATGATCCCACTTCCC

MHC-I fF2 GCAGTATGGAAAGAGCAGCC 171 KJ703112
MHC-I BR2  TCACCAACCTCCACATCCTC

MHC-II F2 TCTGACGTTGGCCCTTGAG 103 Self designed
MHC-II R2 GATGGCACCTTCAACATCTTCTC

system (Applied Biosystems, USA). Briefly, 20 uL reaction mixture
consisted of 10puL 2x SYBR® Green PCR Master mix (Applied
Biosystems, USA), 0.5 pL of each gene-specific primer (10 uM) and 5 pL
of diluted cDNA as template. The primers for qRT-PCR were either self-
designed using Primer3 software from sequence available in NCBI or
sourced from published literature (Table 1). The qRT-PCR cycling
conditions consisted of an initial denaturation at 95°C (for 10 min),
followed by 40 cycles of denaturation at 95 °C (30 s), annealing at 55 °C
(50s) and extension at 72 °C (40s). To check qRT-PCR specificity, melt-
curve analysis was performed following qRT-PCR amplification. Elon-
gation factor-la (EF-1a) was used as the reference gene for data nor-
malization. For each sample, qRT-PCR was run in duplicate (technical
replicates) along with a non template control (NTC). To analyse the
fold-change in expression of selected immune genes, the 2~ 24 method
was followed [20]. The data thus generated from three biological re-
plicates were analysed with one-way analysis of variance (ANOVA) and
Duncan test using SPSS program (SPSS, version 16, USA). Data were
considered statistically significant at p < 0.05.

3. Results and discussion

The gills are recognised as one of the key immune-competent organs
and act as the physical and immunological barrier against the invading
pathogens. Therefore, understanding the immune response exhibited by
gills following infection is important to unravel the mechanisms in-
volved in host-pathogen interaction [21,22]. Furthermore, the kidney
also plays an important role in innate as well as adaptive immunity,
specifically in antigen processing and phagocytosis see Ref. [23].
Hence, in the current study, gene expression pattern of immune reg-
ulatory genes in gills and kidney of C. catla following F. columnare in-
fection was studied to understand the host-pathogen interactions.

3.1. Clinical signs, gross and histopathological alterations

The experimentally infected fish started exhibiting clinical signs,
namely lethargy and mild respiratory distress by 12 hpi. As the infec-
tion progressed, the severity of clinical signs increased, gills had large
areas of white-yellowish discoloration and the fish were observed to be
swimming near the water surface with accelerated opercular move-
ments by 24 hpi (Fig. 1A and B). The severity of lesions was found to
decrease from 48 hpi and by 96 hpi, the lesions appeared to have
healed. During the experimental period, in the infected group, a total of
5 fish died. Out of these, two fish died by 24 hpi, two fish died during
24-48 hpi, and one fish died during 48-72 hpi. However, no clinical
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Fig. 1. Gross lesions and histopathology of gills of
Catla catla infected with Flavobacterium columnare;
large areas of white-yellowish discoloration in af-
fected gills at 24 hpi (A-B). Gills showing fusion of
secondary filaments, loss of architecture and in-
flammatory exudates (C), large clumps of bacterial
cells (arrow) embedded in the desquamated mass of
epithelial cells (arrowhead) at 24 hpi (D).

signs and mortality were observed in fish from control group. The
histopathological alterations were found to be most severe from 24 to
48 hpi and included bacterial masses in gills, fusion of secondary fila-
ments and sloughing of epithelial cells with a consequential disruption
of gill architecture (Fig. 1C and D). The clinical signs, gross and his-
topathological lesions in gills of catla are in conformity with previous
reports of F. columnare infection in C. catla [12,18], Cyprinus carpio
[24], Ictalurus punctatus and Danio rerio [13].

3.2. Expression pattern of immune genes

In the current study, IL-13 mRNA expression level was found to be
highly up-regulated (p < 0.05) in both the gills and kidney as early as
3 hpi by 7-fold and 139-fold (peak up-regulation), respectively. The
expression level in kidney declined at subsequent time points and
reached the normal level by 24 hpi. However, in the gills, the highest
expression was recorded at 6 hpi (32-fold), which decreased to normal
at the next time point i.e. 12 hpi (Fig. 2A and B). These results are in
conformity with the previous reports of Siniperca chuatsi infected with F.
columnare [25], D. rerio challenged with Francisella sp. [26] and
Monopterus albus challenged with Aeromonas hydrophila [27]. IL-18
belongs to the pro-inflammatory group of cytokines, which induces a
cascade of reactions leading to inflammation enabling the host to re-
spond promptly to the infection [28]. Higher expression of IL-1f3 in the
early stages of infection is crucial in inducing inflammatory response,
whereas at later stages, its rapid restoration to the basal level might be
due to regulatory and inhibitory mechanism of anti-inflammatory cy-
tokines including IL-10 and TGF-f3, as excessive expression of IL-1f is
directly associated with the damage to the host tissue [29,30].

The inducible nitric oxide synthase (iNOS) synthesizes nitric oxide
(NO) from r-arginine, which plays an essential role in both innate and
acquired immunity. NO acts as a potent antimicrobial and cytotoxic
agent [31,32]. In the present study, the expression of iNOS was sig-
nificantly up-regulated (p < 0.05) from 3 to 12 hpi in gills with
maximum expression of 38-fold at 12 hpi in infected group. Thereafter,
the expression level of the iNOS was found to decrease, and was

comparable to the control group from 48 hpi onwards (Fig. 2C). In
kidney, expression of iNOS gene was significantly up-regulated
(p < 0.05) only at 24 hpi in infected group. At rest of the time points,
no significant difference was observed between infected and control
group (Fig. 2D). The results in the present study are corroborated with
the previous reports in I punctatus infected with F. columnare [33,34]
and Oncorhynchus mykiss infected with Renibacterium salmoninarum [35]
and Neoparamoeba sp. [36]. Up-regulation of iNOS in gills at early
stages of infection might be due to the acute inflammatory response
against invading pathogens [35]. As observed in the present study,
higher expression of iNOS in kidney tissue has been reported in Labeo
rohita and I punctatus infected with Edwardsiella tarda [33,37]. Higher
expression of IL-1f as observed in the present study might have been
responsible for increased iNOS expression through activation of tran-
scription factors such as NF-kB, and increased NO production has been
linked with tissue damage [38]. The extensive necrosis in gills with loss
of architecture as observed in the present study could be partly due to
increased expression of iNOS.

The INF-y is a pleiotropic and pro-inflammatory cytokine, which
plays an important role in both innate and adaptive immune responses
against microbial pathogens [39]. In this study, the mRNA expression
level of INF-y in gills of F. columnare challenged C. catla was altered
significantly only at 96 hpi, with up-regulation (p < 0.05) of 5-fold
(Fig. 2E). IFN-y has previously been reported to be induced by bacteria
as well as bacterial products and plays a protective role in the host
response to several bacterial infections [40-42]. In addition, INF-y is
reported to enhance phagocytosis and stimulate the production of in-
flammatory cytokines, chemokines and other microbicidal molecules
[43]. Hence, from the observations of this study and those reported
earlier, it can be inferred that expression of INF-y in gills might be
playing a major role in defense against columnaris disease in C. catla.
However, in kidney, INF-y transcript level was found to be significantly
down-regulated (p < 0.05) throughout the experiment, except at 3 hpi
(Fig. 2F). Previously, down-regulated expression of INF-y has been re-
ported in kidney and spleen of O. mykiss following challenge with
Lactococcus garvieae [44]. Similar observations have been reported by
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Chen et al. (2015) in Larimichthys crocea infected with Cryptocaryon
irritans [45].

IL-10 is an anti-inflammatory as well as regulatory cytokine which
limits excessive immune responses, thereby, preventing the tissue da-
mage [46]. In the gills of F. columnare challenged C. catla, the mRNA
expression level of IL-10 was significantly up-regulated (p < 0.05)
(3.32-fold) only at 6 hpi (Fig. 2G). In kidney, IL-10 expression was
significantly up-regulated (p < 0.05) from 3 to 48 hpi and 96 hpi with
the maximum expression of 5-fold at 12 hpi (Fig. 2H). Expression level
of IL-10, in the present study, is in accordance with earlier reports in
gills and kidney of C. catla following A. hydrophila infection and LPS
stimulation [46], kidney of Cyprinus carpio after injection with LPS [47]
and Gadus morhua following infection with Vibrio anguillarum [48]. Up-
regulation of IL-10 in response to increased expression of IL-1f could be
a host strategy to prevent excessive inflammatory response and thereby,
limiting the tissue damage.

TGF-B is a pleiotropic cytokine that controls the initiation and re-
solution of inflammatory responses and also plays an important role in
the immune system by regulating the proliferation, differentiation, and
survival of lymphocyte population [49]. In the present study, the mRNA
expression level of TGFf in gills was significantly up-regulated
(p < 0.05) following infection with F. columnare at later stages i.e.
from 48 hpi onwards (Fig. 2I). However, in kidney, TGF-f3 expression
was found to be significantly up-regulated from 3 to 24 hpi (except 12
hpi), with the maximum expression of 2.4-fold at 3 hpi (Fig. 2J). These
results are in close agreement with the previous report in gills and
spleen of Pylodictis olivaris following challenge with F. columnare and E.
ictaluri [S0]. Up-regulated expression of TGF-f in kidney, as observed in
the present study, is in accordance with increased expression levels of
TGF-f in Ctenopharyngodon idella challenged with A. hydrophila [30].
Higher expression of TGF-$ has been also reported in O. mykiss fol-
lowing infection with Aeromonas salmonicida [51]. TGF-$ is reported to
suppress immune responses by the inhibition of inflammatory response
and promoting the function of Treg cells [52]. Therefore, taking into
account the results obtained in the present study and those reported
earlier, it can be inferred that induced expression of TGF- would have
helped in resolution of inflammation [53].

Complement system, a key component of immune system (innate
and adaptive immunity), has the ability to opsonise the pathogens for
engulfment by phagocytes and plays a central role in inflammatory
process ,and damages bacteria by creating pores in their membrane
[54]. From the observation of C3 gene expression in gills of C. catla,
significant difference was not observed in F. columnare-challenged an-
imals up to 6 hpi. However, a significant up-regulation (p < 0.05) was
recorded at 12 to 72 hpi with maximum expression level of 2.83-fold at
48 hpi (Fig. 2K). In kidney, from 3 to 12 hpi, the C3 transcript level was
found to be significantly up-regulated with the maximum expression of
22-fold at 6 hpi in challenged animals. Afterwards, the expression level
reduced to the level of control and remained at similar level till 96 hpi
(Fig. 2L). Similar up-regulated pattern of C3 mRNA expression has been
reported in the gills of Misgurnus anguillicaudatus and O. mykiss fol-
lowing infection with A. hydrophila and Ichthyophthirius multifiliis, re-
spectively [55,56]. In case of kidney, the results of the present study are
in accordance with E. tarda challenged L. rohita [37] and Streptococcus
iniae challenged Oreochromis niloticus [57]. Higher expression of C3 has
been also reported in head kidney of Miichthys miiuy and Epinephelus
lanceolatus after challenge with Vibrio anguillarum and V. alginolyticus,
respectively [58,59]. Based on the observations from the present study,
it can be inferred that up-regulated expression of C3 following F. co-
lumnare infection might have played an important role in containing the
infection [60]. In accordance with the present findings, an increase in
C3 activity following F. columnare infection has been reported pre-
viously [18].

The MHC genes (MHC-I and MHC-II) are recognised as signature
molecules for disease resistance in animals by modulating innate as
well as adaptive immunity through antigen presentation and
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interactions with T-cell subtypes and NK cells. In the gills of catla
challenged with F. columnare, the mRNA expression level of MHC-I was
unaltered till 6 hpi. Further, by 12 hpi, expression of MHC-I was up-
regulated and reached the maximum value of 6-fold at 96 hpi (Fig. 2M).
In kidney, transcript level of MHC-I was significantly up-regulated from
3 hpi up to 48 hpi with maximum expression of 41-fold at 24 hpi.
Thereafter, from 72 to 96 hpi, the expression level of MHC-I was similar
to that of control (Fig. 2N). The results of the present study were cor-
roborated with the study in I punctatus and M. anguillicaudatus infected
with F. columnare [61,62], M. miiuy challenged with V. anguillarum [63]
and C. idella challenged with A. hydrophila [64]. Modulation of MHC-I is
an evident phenomenon observed upon various stimuli i.e. LPS, bac-
teria, virus infection and tumor invasion [65]. Up-regulated expression
of MHC-I in C. catla challenged with F. columnare, might be correlated
with the active antigen presentation and pathogen clearance of this
bacterium as a part of a cell-mediated immune response of host.

In the present study, expression level of MHC-II was significantly up-
regulated at early stages of infection up to 12 hpi in the gills of chal-
lenged fish compared to the control, with maximum expression of 218-
fold at 12 hpi (Fig. 20). However, in kidney, expression level of MHC-II
was significantly down-regulated throughout the experiment and re-
corded lowest fold change in expression of 0.19 fold at 48 hpi in
challenged fish compared to the control (Fig. 2P). The results recorded
in the present study are in close agreement with the MHC-II expression
level reported from gills of I. punctatus challenged with F. columnare
[61]. In addition, E. lanceolatus larvae challenged with V. alginolyticus
also exhibited higher expression of MHC-II mRNA [59]. From these
observations, it can be inferred that enhanced expression of MHC-II
might help in either activating various antigen presenting proteins or
modulate expression of several molecules such as proteasome, ubiquitin
and TAP responsible for antigen presentation [66]. The down-regulated
expression profile of MHC-II in kidney of F. columnare-infected C. catla
is similar to the down-regulated expression of MHC-II recorded by
Matsuyama et al. (2007) in Paralichthys olivaceus infected with E. tarda
[67]. Similarly, down-regulated expression of MHC-II was reported in
the kidney, liver and spleen of Scophthalmus maximus [68] and spleen of
Cynoglossus semilaevis [69] when challenged with V. anguillarum. Based
on the observations from the present study and those reported earlier
[68,69], it can be inferred that disruption of cellular function occurs in
immune organs following exposure to pathogenic bacteria resulting in
changes in expression pattern of immune genes.

In conclusion, the modulation of the studied immune genes was
observed in gills and kidney of C. catla at different time intervals fol-
lowing infection with F. columnare. The up- and down-regulation of
these genes would be playing an important role during response of the
host against F. columnare infection. The results add to the improved
understanding of immune responses of catla against this important
bacterial pathogen.
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