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a b s t r a c t

Cytokine responses in the Japanese pufferfish (Takifugu rubripes) head kidney (HK) cells to heat-killed
lactic acid bacteria probiotics isolated from the Mongolian dairy products were investigated by tran-
scriptomic examination. The HK cells were incubated with two heat-killed bacteria, namely Lactobacillus
paracasei spp. paracasei (strain 06TCa22) and L. plantarum (strain 06CC2) and the responses of 16
cytokine genes at 0 (control), 1, 4, 8, 12, 24 and 48 h post-stimulation were assayed by multiplex RT-PCR
analysis (GenomeLab Genetic Analysis System, GeXPS; Beckman Coulter, Inc.). The 16 genes included in
the assay were pro-inflammatory cytokines (IL-1b, IL-6, IL-17A/F-3, TNF-a and TNF-N), cell-mediated
immune regulators (IL-12p35, IL-12p40 and IL-18), antiviral (I-IFN-1 and IFN-g) and other regulatory
(IL-2, IL-7, IL-15, IL-21, IL-10 and TGF-b1) cytokines. Despite the differences in the transcriptional profiles,
expression of all the cytokines tested here was significantly elevated by both the probiotic bacterial
stimulants compared with the unstimulated control. Therefore, this in vitro study has demonstrated the
modulation of cytokine defense mechanisms in the HK cells by the two heat-killed probiotics indicating
their potentiality as novel immunostimulants to fish. However, strain-dependent varied expression
of important cytokines (cell-mediated immune regulators, antiviral and anti-inflammatory cytokines)
suggests better efficacy of L. paracasei spp. paracasei strain as fish immunostimulant. Further in vivo
studies to elucidate the cytokine regulation networks will validate our present observations. A careful
evaluation of ant-inflammatory properties may be undertaken using single strain to affirm the immu-
nostimulatory capability. Moreover, application timings and frequency to assess the longevity of
immunostimulant effects and to make the application cost-effective need to be evaluated before any
practical use in aquaculture.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Cytokines, small protein mediators produced by immune cells,
regulate and mediate immunity, inflammation and hematopoiesis
[1]. Cytokines include interleukins (ILs), tumor necrosis factors
; IL, interleukin; TGF, trans-
, lipopolysaccharide; polyI:C,
nscription-polymerase chain
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(TNFs), interferons (IFNs), transforming growth factor (TGF) and
chemokines. To date, several cytokine genes have been discovered
employing various molecular techniques. More than 37 different IL
genes have thus far been characterized inmammals [2,3]. In teleost,
genes encoding 19 ILs, namely IL-1, -2, -4, -6, -7, -8, -10, -11, -12, -13,
-15, -16, -17, -18, -19, -20, -21, -22, and -26 [1,4e8] have been
identified. In addition to ILs, members of the fish TNF superfamily
(TNF-a and -N) [9] and the IFN family (type-I IFN and IFN-g) [10,11]
genes have been isolated from several fish species. Gene encoding
regulatory factor of hematopoiesis like TGF-b1 [12] has also been
described. The role of various cytokines in fish immunity has been
established. Cytokines act through their receptors and have pro-
inflammatory, anti-inflammatory and pathogen-killing roles. For
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instances, IL-1 familymembers (IL-1a and b, IL-18, IL-33), IL-6, IL-17
and TNFs play pro-inflammatory role, IL-2 subfamily members
(IL-2, IL-4, IL-7, IL-9, IL-15 and IL-21), known as gamma chain
cytokines affect the responses of Th cells and the maintenance of T
cell memory, IL-10 acts as anti-inflammatory by suppressing the
expression of pro-inflammatory cytokines, the heterodimeric IL-12
provides defense against parasites, viruses and intracellular bac-
teria by stimulating IFN-g production and IFNs are responsible for
defense against virus infection and killing of intracellular patho-
gens. However, comprehensive analyses of fish cytokines have only
recently commenced and less progressed compared to mammalian
studies [2]. Since cytokines are important regulators of the immune
system, investigating their functions may provide significant basis
for the development of vaccines and immunostimulants for fish.
Identification of potential indirect immunological markers from the
expression profile of cytokine genes and their products involved in
immune defense may be an added outcome.

Probiotic is defined as a live microbial adjunct which has a
beneficial effect on the host by modifying the host-associated or
ambient microbial community, by ensuring improved use of the
feed or enhancing its nutritional value, by enhancing the host
response toward disease, or by improving the quality of its
ambient environment [13]. Since last few years, use of probiotics
as bio-control agents has become a popular technique to improve
and maintain a healthy environment as well as farmed animal
health. However, the use of probiotics in aquaculture is a newer
concept compared to their usage in human, pig, cattle and poultry
nutrition. The role of lactic acid bacteria (LAB) as probiotics has
been well established. LAB are Gram-positive, non-sporulating
and catalase-negative rods or cocci with the ability to ferment
various carbohydrates mainly to lactate and acetate [14]. In the
last two decades, application of LAB and their metabolic products
as potential probiotics has been tested to improve immune status
and disease resistance in higher animals [15,16] as well as in fish
[17e22]. In fish, elevated expression of cytokine genes such as IL-
1b, IL-8, IL-10, TNF-a and TGF-b was caused by killed or live
probiotics in several in vitro and in vivo studies [18e23]. Use of
probiotics in elicitation of cell-mediated immune regulators, IL-12
and IL-18 to induce IFN-g production by natural killer (NK) and Th
cells in fish has been scarcely investigated. However, in most of
these studies, only a single or few cytokine genes were analyzed.
Cytokine system seems complex and involves several genes
functioning in a cascading manner. Therefore, simultaneous
analysis of more number of cytokines in probiotic treated fish
would provide a useful and reliable understanding on the innate
immune system and substantiate the use of that probiotic.
Recently, a novel technique, multiplex reverse transcription-PCR
(RT-PCR) assay (GenomeLab Genetic Analysis System, GeXPS;
Beckman Coulter, Inc.) to analyze expression of over 15 genes
simultaneously has been established for the Japanese pufferfish,
Takifugu rubripes [24]. This method can detect up to 30 gene ex-
pressions within a reaction tube and has been found to econo-
mize cost, labor, time, sample number and experiment frequency.
Probiotic research, more specifically the use of LAB probiotics in
the Japanese pufferfish remains unaccomplished compared with
the studies involving other fish species. Lately, 10 LAB strains have
been isolated from traditional Mongolian dairy products and their
probiotic function was tested in mice [25]. Subsequently, oral
administration of these heat-killed LAB strains exhibited immu-
nomodulatory activity in influenza virus (IFV) infected mice,
resulting in alleviation of IFV infection by activation of IL-12 and
IFN-g production following enhancement of NK cell activity [16].
These findings strongly indicated the potential immunostimula-
tory effects of these heat-inactivated LAB strains through their
interaction with cytokines and receptors. As the information on
IFN-mediated antiviral immunity regulated by IL-12 and IL-18 in
response to probiotic treatment is non-existent in fish, we
investigated these gene expressions including other cytokines. To
evaluate the immunostimulatory function of a novel immune
modulating substance, firstly an in vitro experiment is conducted
using cells isolated from immune-competent organs. Therefore,
our study aimed to analyze the expression level of 16 cytokine
genes using the multiplex RT-PCR assay in the Japanese pufferfish
head kidney (HK) cells induced with two heat-killed LAB pro-
biotics isolated from the Mongolian dairy products. Finally, this
experiment evaluated the immunostimulatory effects of these
two probiotic strains through elicitation of cytokine gene
responses.

2. Materials and methods

2.1. LAB strains

Two LAB strains, namely Lactobacillus paracasei spp. paracasei
(strain 06TCa22) (Lpp) and L. plantarum (strain 06CC2) (Lp) isolated
and identified previously from theMongolian fermented camelmilk
(Tarag) and cowmilk cheese (Aaruul), respectively, were cultured in
Man, Rogosa and Sharpe (MRS) broth (Merck, Darmstadt, Germany)
at 37 �C for 24 h as described [25]. They were harvested by centri-
fugation at 10,000�g for 5 min, washed twice with phosphate-
buffered saline (PBS) and boiled for 1 h. Then, the boiled LAB were
washed again with PBS and lyophilized. The lyophilized Lpp and Lp
powders containing 1.1�1011 and 2.4�1011 cells g�1, respectively,
were suspended in PBS for treatment of fish HK cells.

2.2. Experimental fish

Japanese pufferfish, T. rubripes (body weight, 205� 8 g) were
obtained from Matsumoto Fisheries Farm, Miyazaki, Japan. Fish
were first acclimatized in an aerated seawater tank at 20 �C and fed
a commercial diet (Sango, Higashimaru Co. Ltd., Kagoshima, Japan)
at 1% body weight per day for two weeks under a natural photo-
period prior to their use in the study. The health status of experi-
mental fish was checked by examining presence of any abnormal
lesions or parasites on body surfaces and internal organs of few
randomly sampled animals and culturing smears from slimes, head
kidney, spleen and blood from the same fish on Marine Agar Broth
2216E (Difco, Detroit, Michigan, USA) for existence of any bacterial
pathogens. The results showed presence of no pathogenic bacteria
in fish. Fish handling and experimental procedure were conducted
in accordance with the guidelines for the care and use of laboratory
animals of the University of Miyazaki.

2.3. Isolation of HK cells

Individual fishwas scooped out of holding tank and anesthetized
with 2-phenoxyethanol (0.05%, SigmaeAldrich, St. Louis, MO, USA)
in a bucket containing aerated seawater before being sacrificed for
tissue collection. Pufferfish HK cells were isolated following the
method described elsewhere [26]. Briefly, HK tissue was aseptically
excised from freshly euthanized pufferfish (n¼ 5) and gently
pushed through a 100-mm nylon mesh (John Staniar, Whitefield,
Manchester, UK) with RPMI 1640medium (Invitrogen, Carlsbad, CA,
USA) supplemented with 5% fetal bovine serum (FBS; Invitrogen)
and a 1% solution of 10,000 gmL�1 streptomycinþ 10,000 UmL�1

penicillin (Invitrogen). After washing with the above medium and
depletion of erythrocytes, the cells were then pushed again through
a 40-mm nylon mesh cell strainer (Becton, Dickinson and Company,
Franklin Lakes, NJ, USA). Finally, the number of prepared cells was
adjusted to 1�107 cellsmL�1.
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2.4. In vitro stimulation of HK cells and isolation of total RNA

In order to determine if LAB strains can elicit different tran-
scriptional profiles of the cytokine genes, we used heat-inactivated
form of two strains isolated from Mongolian dairy products as
prepared in Section 2.1. Two milliliters of the HK cell suspension in
RPMI 1640 medium (Invitrogen) supplemented with 5% FBS and 1%
streptomycin/penicillin (Invitrogen) (see Section 2.3) was placed in
each well of a 24-well plate (Nunc A/S, Roskilde, Denmark), stim-
ulated with the heat-killed bacteria (Lpp and Lp) at 20 mgmL�1 and
incubated for 1, 4, 8, 12, 24, and 48 h at 25 �C. Cells collected at 0 h
without stimulation served as a control for the experiment. Each
treatment (stimulation) and control had three replicates. Sampling
of incubated cells was conducted at the time points mentioned
above and the cells were stored at �80 �C prior to RNA extraction.
Total RNAwas extracted from the stimulated HK cells using ISOGEN
(Nippon Gene, Tokyo, Japan) according to the manufacturer’s in-
structions. To avoid the presence of DNA, RNA samples were treated
with recombinant DNase I (RNase-free) as per the manufacturer’s
protocol (Takara Bio Inc., Shiga, Japan). Quantity and quality of all
RNA samples were checked using a NanoDrop spectrophotometer,
ND-1000 (Thermo Scientific, Wilmington, DE, USA).

2.5. GeXPS primer design, multiplex RT-PCR and capillary
electrophoresis

Primer design (16-cytokine plex) and multiplex analysis were
conducted using the multiple assay panel reported previously [24].
RT to cDNA was performed using reverse primer set mix
(Supplementary Table 1), reverse transcriptase, RNase inhibitor,
Kanr RNA and 1� RT Master Mix Buffer supplied in the GenomeLab
GeXP Start Kit (Beckman Coulter) according to manufacturers’
protocols. RT reaction mixtures were incubated at 48 �C for 1 min,
followed by 42 �C for 60 min and then 95 �C for 5 min. Subsequent
to RT, PCR was carried out with each reaction containing 9.3 mL RT
reaction mixture, 0.02 mM forward primer set mix, 5 mM MgCl2,
3.5 U Thermo Start Taq DNA polymerase (Thermo Fisher Scientific,
Pittsburgh, PA, USA), and 1� PCR Master Mix Buffer (GenomeLab
GeXP Start Kit; Beckman Coulter) containing 10 mM HCl, 50 mM
KCl, 0.3 mM of each dNTP, 0.02 mM Kanr gene PCR forward primer,
1 mM universal reverse primer, and 1 mM D4-labeled universal
forward primer. The cycling conditions for PCRwere as follows: one
cycle of 95 �C for 10 min, 45 cycles of 94 �C for 30 s, 55 �C for 30 s
and 68 �C for 1 min. The PCR products frommultiplex RT-PCR were
then prepared for capillary electrophoresis by adding 1 mL of each
reaction to its corresponding well in a 96-well electrophoresis
micro-plate containing 38.5 mL of sample loading solution and
0.5 mL of DNA size standard-400 (GenomeLab GeXP Start Kit;
Beckman Coulter). The samples were mixed well by pipetting up
and down. The micro-plate containing samples mix was then
covered with aluminum foil lid and centrifuged at 2000 rpm for
1 min to consolidate the liquid to the bottom of the wells. Finally,
each well was overlaid with one drop of mineral oil (GenomeLab
GeXP Start Kit; Beckman Coulter). The samples were then placed in
a GeXP Genetic Analysis System for capillary electrophoresis and
fragment size analysis.

2.6. Multiplex data analysis

The GeXP Genetic Analysis system matched each PCR product
based on size by capillary gel electrophoresis (CEQ8000 Automated
Sequencer; Beckman Coulter) with the appropriate gene and
measured their dye signal strength in arbitrary units of optical
fluorescence, defined as the fluorescent signal minus background.
Next, the data was normalized to the external synthetic reference
control transcript, kanamycin using GeXP profiler (eXpress Anal-
ysis) software, with the area-under-the-curve set to 1. This step
minimizes inter-capillary variation. The relative expression level of
each cytokine genewas calculated by normalization to the reference
gene, b-actin using GeXP Quant Tool. Differences between the
quantified expressions of a particular gene in stimulated HK cells at
different time ponits and in untreated control cells were evaluated
with one-way analysis of variance (ANOVA) followed by Duncan’s
Multiple Range Test (DMRT) for their comparison. Statistical anal-
ysis was performed using SPSS for Windows v. 17.0 program (SPSS
Inc., Chicago, IL). All data are expressed as mean� standard devia-
tion (S.D.).
3. Results

3.1. Optimization and preparation of the multiplex GeXP 16-
cytokine plex

Prior to preparation of a multiplex primer mix, quality of each
gene-specific primer pair was tested in a singlet RT-PCR reaction
(single-plex). This determined that a single peak of the expected
size was generated, with no nonspecific fragments produced. A
multiplex primer mix of selected cytokine gene-specific primers
(Supplementary Table 1) was prepared for analysis. As different
gene targets including the housekeeping reference genes (b-actin
and GAPDH) yielded low or high signal peaks in the multiplexed
GeXP assay, the concentrations of gene-specific reverse primers
were increased or decreased to improve detection in multiplex
reactions. Finally, the 16-cytokine primer plex was prepared with
the selected primer concentrations of reverse primers giving
optimal signal detection (Supplementary Table 1).
3.2. Expression of cytokine genes in stimulated HK cells

Table 1 displays the summary of the transcriptional responses of
HK cells stimulated with the two heat-killed probiotic bacteria
isolated from Mongolian dairy products.

3.2.1. Pro-inflammatory cytokines
IL-1b was constitutively expressed in the HK cells of pufferfish

and its transcript levels were significantly enhanced by both the
heat-killed bacteria (Fig.1A). Cells stimulatedwith L. plantarum (Lp)
showed significantly higher expression level (P< 0.05) of IL-1b
(over 10-fold) gene all through the time points. However, compared
to the control there was a significant increase (P< 0.05) in the
expression level of IL-1b in cells induced with L. paracasei spp.
paracasei (Lpp) at 1, 4, 8, and 12 h post-stimulation (hps). The pro-
inflammatory IL-6 was higher expressed in HK cells stimulated
with Lpp only at 4 hps, while significant increased transcript level
(P< 0.05) of this genewas observed in Lp stimulation at all the time
points with over 100-fold higher expression at 12 and 24 hps
compared to the control (Fig. 1B). Another pro-inflammatory
cytokine, IL-17A/F-3 exhibited significantly increased expression
(P< 0.05) in HK cells stimulated with heat-killed Lpp at all the time
points except 48 hps (Fig. 1C). However, stimulation of cells with Lp
did not cause higher expression of this gene. Similar pattern of
significantly higher expression (P< 0.05) of TNF-a and TNF-N was
exhibited by HK cells stimulated with Lp at all the time points.
However, Lpp stimulation also caused significantly increased
(P< 0.05) TNF-a expression at all the time points excluding 8 hps
compared to that of control (Fig. 1D). Although the transcript level
of TNF-N was low in cells treated with Lpp compared to Lp stim-
ulated cells, it was below detection level in unstimulated control
cells at 0 h (Fig. 1E).



Table 1
Summary of the transcriptional responses of HK cells stimulated with heat-killed probiotic bacteria isolated from Mongolian diary products.

Genes Lactobacillus paracasei spp. paracasei (06TCa22) Lactobacillus plantarum (06CC2)

Hours post-stimulation Hours post-stimulation

1 4 8 12 24 48 1 4 8 12 24 48

A. Pro-inflammatory cytokines
1. IL-1b [[[ [[[ [[[ [[[ e e [[[ [[[ [[[ [[[ [[[ [[[

2. IL-6 e [[[ e e e e [[[ [[[ [[[ [[[ [[[ [[

3. IL-17A/F-3 [[[ [[[ [[[ [[[ [[[ e e e e e e e

4. TNF-a [[[ [[ e [[[ [[ [[ [[[ [[[ [[[ [[[ [[[ [[[

5. TNF-N [ [ [ [ [ [ [ [ [ [ [ [[

B. Cell-mediated immune regulators
1. IL-12p35 e e e e [[[ e e e e e e e

2. IL-12p40 [[[ [[[ e e e [[[ [[[ [[[ [[[ [[[ [[[ [[[

3. IL-18 [[ [[ e e e e [[[ [[ [[ [[ [[ [[[

C. Antiviral cytokines
1. I-IFN-1 [[ [[ e e e e [[ e e e e [[

2. IFN-g [[[ [[[ [[[ [[[ [[[ e e e e e e e

D. Other regulatory cytokines
1. IL-2 [[ e e e e e [[ e e [[ [[ [[

2. IL-7 [[ e e e e [[ e e e [[ [[ [[[

3. IL-15 e e e e e e e [[ [[ [[ e [[

4. IL-21 [ e e e e e [[ e e e [[ [[

5. IL-10 [[[ [[[ e e e e e [[[ [[[ [[[ [[[ [[[

6. TGF-b1 [[ e e e e e e [[ e e e e

[¼ Significantly higher compared to control (0 h) with expression level between 0 and 1.
[[¼ Significantly higher compared to control (0 h) with expression level between 1 and 5.
[[[¼ Significantly higher compared to control (0 h) with expression level more than 5.
e¼Not significantly different from control (0 h).
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3.2.2. Cell-mediated immune regulators
Significantly increased expression (almost 50-fold) of IL-12p35

was detected in HK cells incubated with Lpp only at 24 hps
(P< 0.05). However, higher expression compared to the control was
observed at all the time points in stimulation with both the heat-
killed bacteria (Fig. 2A). IL-12p40 transcript level was consistently
enhanced by Lp stimulation at all the time points, but not by Lpp
treatment which induced significantly higher expression (P< 0.05)
at 1, 4 and 48 hps (Fig. 2B). IL-18 gene was constitutively expressed
in the HK cells of pufferfish and its transcript levels were signifi-
cantly enhanced by both the heat-killed bacteria (Fig. 2C). Cells
stimulated with L. plantarum (Lp) showed significantly higher
expression level (P< 0.05) of IL-18 (over 3-fold) gene all through
the time points. However, compared to the control there was a
significant increase in the expression level (P< 0.05) of IL-18 in cells
induced with L. paracasei spp. paracasei (Lpp) at 1, and 4 hps.

3.2.3. Antiviral cytokines
Significantly higher expression level (P< 0.05) of I-IFN-1 was

detected in cells incubated with Lpp at 1, and 4 hps and with Lp at 1,
and 48 hps (Fig. 3A). However, significantly lower (P> 0.05) tran-
script level of this gene was observed at 8, 12, 24, and 48 hps in Lpp
stimulation and at 4, 8, and 12 hps in Lp treatment compared to that
of control. IFN-g expression was significantly increased (P< 0.05)
by heat-killed Lpp stimulation at all the time points excluding
48 hps (Fig. 3B). Similar expression profile compared with control
was observed in HK cells treated with Lp at all the time points.

3.2.4. Other regulatory cytokines
Incubation with heat-killed Lpp caused a significant increase

(P< 0.05) in IL-2 expression only at 1 hps, whereas significantly
higher expression (P< 0.05) of IL-2 gene was observed at 1, 12, 24
and 48 hps in HK cells stimulated with Lp. In case of IL-7 gene,
higher expression compared to control was exhibited at 1, and
48 hps and 12, 24, and 48 hps in cells stimulated with Lpp and Lp,
respectively. However, IL-7 transcript in Lp treated cells was a
whopping 25 times higher at 48 hps compared with that of control
cells. Cells incubated with heat-killed Lpp showed a significant
decrease (P> 0.05) in IL-15 expression at all the time points, while
elevated transcript level of this gene was detected in HK cells
treated with Lp at 4, 8, 12 and 48 hps. Similar to IL-2, the expression
level of IL-21 was significantly enhanced (P< 0.05) by Lpp treat-
ment only at 1 hps. However, at 1, 24 and 48 hps, its expressionwas
elevated by Lp. Almost similar expression pattern related to IL-6
was recorded for the anti-inflammatory IL-10 gene with the
enhanced expression level at 1 and 4 hps by Lpp treatment and at
all the time points except 1 hps by Lp stimulation. TGF-b1 was
significantly expressed (P< 0.05) in HK cells exposed to heat-killed
Lpp and Lp at 1 and 4 hps, respectively. However, significantly
lower expression level (P> 0.05) of this gene was observed at 8, 12,
24 and 48 hps in both Lpp and Lp stimulated cells compared to that
of control cells.

4. Discussion

In this study, we have demonstrated that bacteria isolated from
the Mongolian dairy products can regulate expression of 16 cyto-
kine genes in HK cells of the Japanese pufferfish using the GeXPS
multiplex RT-PCR assay. The targeted genes were from different
cytokine categories, namely IL-1 subfamily, IL-2 subfamily, pro-
inflammatory IL-6 and IL-17A/F-3, ant-inflammatory IL-10, heter-
odimeric IL-12, TNF superfamily, IFN family and TGF. The up-
regulated cytokine genes in the HK cells following stimulation
with two heat-killed probiotic strains indicated the immuonosti-
mulatory effects of these bacteria. Previously, oral administration of
the same heat-inactivated strains exhibited immunomodulatory
activity through elicitation of intestinal immunity in mice [16].
Here, the increased transcription of cytokine genes could provide
an early protective immunity in the pufferfish during infectionwith
pathogens.



R
el

at
iv

e 
to

 
-a

ct
in

Hours post stimulation

A

0

100

200

300

400

C 1 4 8 12 24 48

Lpp Lp

g
e f

c

j

b

h

a

k

d

k i
0

26

52

78

104

130

C 1 4 8 12 24 48

h fgh f

e

c

h

d

gh gh

b

hfg

B

0

15

30

45

60

75

90

C 1 4 8 12 24 48

f

c

f
e

f

b

f

d

f
f

-a
ct

in

C

Hours post stimulation

0

10

20

30

40

50

C 1 4 8 12 24 48

k
g

b

i

f

k

c

h hi

e

j

d

0

0.2

0.4

0.6

0.8

1

1.2

C 1 4 8 12 24 48

BDL e

c

e

b

e

d

e

d

e

b

e

Hours post stimulation

-a
ct

in

D E

a

a

a
a

Fig. 1. Relative expression profiles (mean� SD; n¼ 3) of pro-inflammatory cytokine genes (A. IL-1b; B. IL-6; C. IL-17A/F-3; D. TNF-a; E. TNF-N) in HK cells stimulated with two
heat-killed probiotic bacteria, Lactobacillus paracasei spp. paracasei 06TCa22 (Lpp) and L. plantarum 06CC2 (Lp). Bars with different superscript letters indicate a significant
difference (P< 0.05) in expression levels between stimulated cells at various time points and in unstimulated cells at 0 h (C). BDL; below detection level.
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4.1. Pro-inflammatory cytokines

The pro-inflammatory IL-1b is a key mediator in response to
microbial invasion and tissue injury and can stimulate immune
responses by activating lymphocytes or by inducing the release of
other cytokines that can activate macrophages, NK cells and lym-
phocytes [27]. A distinguishable up-regulation of IL-1b gene (over
100-fold increase) was observed in both the probiotics-treated HK
cells at the immediate phase of incubation (1 and 4 hps) compared
to control cells. The involvement of this cytokine at very early stage
of immune response was confirmed in Atlantic cod (Gadus morhua)
HK leukocytes incubated with live and heat-inactivated intestinal
bacteria [28]. Therefore, the acute IL-1b expression observed in the
present study would have many downstream effects including
release of other cytokines [29]. IL-6, another pro-inflammatory
cytokine released during the cytokine cascade following bacterial
infection, plays a key role in cellular and tissue homeostasis
through activation of target genes involved in growth, differentia-
tion, survival, apoptosis, and proliferation [30]. Increased expres-
sion of IL-6 in HK cells at 4 hps with Lpp treatment and at all the
time points with Lp stimulation in this study indicated the
immunostimulating functions of these two probiotic strains. The
pro-inflammatory Th17 cytokine, IL-17A/F-3 genewas up-regulated
following Lpp stimulation, which is in agreement with the obser-
vation of Korenaga et al. [31], who reported higher expression in
the pufferfish HK cells induced with LPS at 4 and 12 hps. TNFs are
pro-inflammatory cytokines involved in inflammation, apoptosis,
cell proliferation and stimulation of various aspects of the immune
system [32]. In our experiment, expression of TNF-a and the fish-
specific ligand TNF-N genes was enhanced following stimulation
with both Lpp and Lp. Similarly, an increase in TNF-a gene
expression was reported in the HK of rainbow trout (Oncorhynchus
mykiss) fed the probiotics, Canrobacterium maltaromaticum, and
C. divergens [23], L. plantarum [20] and L. rhamnosus [19]. Expres-
sion of TNF-N was enhanced in pufferfish HK cells stimulated with
either polyI:C or imiquimod [24]. In higher animals, IL-1b expres-
sion was induced by L. acidophilus, L. reuteri and L. salivarius in
spleen and cecal tonsil cells of chicken [33] and by L. acidophilus and
L. plantarum in human peripheral blood mononuclear cells, PBMC
[34]. L. acidophilus caused higher production of IL-6 and TNF-a in
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murine macrophages [35]. In human PBMC macrophages, IL-17
release was elevated by LAB strains both in live and heat-killed
forms [36]. Our results coupled with these reports, suggest the
capability of LAB probiotics in elicitation of pro-inflammatory
cytokine responses.

4.2. Cell-mediated immune regulators

IL-12, a regulator of cell-mediated immune responses, provides
defense against parasites, viruses and intracellular bacteria by
stimulating the production of IFN-g by Th1 cells and NK cells [37].
IL-12 is active in its heterodimeric form, which is composed of two
covalently linked peptide chains: a 35-kDa chain termed IL-12p35
(or IL-12a) and a 40-kDa chain termed IL-12p40 (or IL-12b) [38]. In
the present study, the expression of IL-12p35 and IL-12p40 genes at
higher levels in heat-killed probiotics-stimulated HK cells compared
with untreated control cells indicates co-expression of these sub-
units in the same cell to generate the bioactive IL-12 [39]. Previously,
heat-killed Lactococcus lactis subsp. lactis and L. plantarum isolated
from Mongolian dairy products were found to induce large quantity
production of IL-12 in spleen cells [15] and bronchoalveolar lavage
fluid [16] of mice, respectively. Therefore, these observations along
with our results of elevated expression suggest that IL-12 may also
play a pivotal role in inducing antibacterial and antiviral immune
responses in the Japanese pufferfish. IL-18, a pleiotrophic cytokine
produced by monocytes/macrophages, like IL-12 plays a major role
in cell-mediated immune responses and it is also important for the
clearance of intracellular pathogens through the induction of IFN-g,
and of viruses by activation of cytotoxic T cells [40]. A slight but
significant increase in expression of the IL-18 gene was observed at
1e4 hps with Lpp. In contrast, stimulation with Lp induced consis-
tently higher expression of this gene at all the time points. Similarly,
L. rhamnosus HN001 was shown to induce IL-12 and IL-18 following
direct in vitro co-culture with mice spleen macrophages [41].
Therefore, it is indicated that the two heat-killed probiotic strains
used in this study are capable of directly stimulating pro-IFN-g
monokines, IL-12 and IL-18 which induce high level IFN-g produc-
tion [40].

4.3. Antiviral cytokines

IFNs induce an antiviral state of cells and contribute to the de-
fense against virus infection in vertebrates. Three IFN subfamilies
include type I, II and III. The type I (mainly IFN-a and IFN-b) and III
IFNs have a major role in the first line of defense against viruses,
whereas type II IFN is identical to IFN-g, which plays a major role in
innate, as well as in adaptive cell-mediated immune responses for
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removal intracellular pathogens and tumor control [29]. We found
that type I-IFN-1 gene expression was induced by both the heat-
killed probiotic bacteria, whereas IFN-g gene expression was up-
regulated only by Lpp. Therefore, these immunostimulant treat-
ments may provide protection against virus infection and also
might have elevated the IFN-g mediated intracellular pathogen-
killing ability of leukocytes in the Japanese pufferfish. Higher
level of IFN-g induction may be the consequence of combined ef-
fects of activated IL-12 and IL-18. Consistent to our results, up-
regulated expression of IFN gene expression was noticed in the
HK and spleen of rainbow trout fed the probiotic, L. rhamnosus for
30 days [19]. In human, L. acidophilus [42] and L. plantarum [34]
stimulated higher IFN-g production in PBMCs, and L. salivarius led
to a sustained increment in production of IFN-g in macrophage-like
cell lines [43]. However, Lp in our study could not mount IFN-g
induction, which is contrary to the ability of IFN-g stimulation by
the same strain in IFV infected mice [16]. This observed larger
variation in IFN-g modulation was strictly strain dependent and
could be of practical importance for the screening of new probiotic
strains. Furthermore, the up-regulation of IFN-g gene in our study
may be induced by the elevated IL-15, as a positive feedback loop
exists between these two cytokines [44].

4.4. Other regulatory cytokines

The IL-2 subfamily members, known as gamma chain (gC or
CD132) cytokines, include IL-2, IL-4, IL-7, IL-9, IL-15 and IL-21 in
mammals and except IL-19, all of these molecules have been
discovered in fish [38]. IL-2, IL-4, IL-9 and IL-21 are released from
Th cells that affect their responses, whilst IL-7 and IL-15 are
particularly involved in the maintenance of T cell memory [45]. In
the present study, a significant increase in expression of the IL-2
gene was observed following stimulation with Lpp at 1 hps and Lp
at 1, 12, 24 and 48 hps. IL-15 gene was significantly up-regulated
by the treatment of Lp only at 4, 8, 12 and 48 hps. Expression of
the IL-21 gene was enhanced by the stimulation with Lpp at 1 hps
and Lp at 1, 24 and 48 hps. Expression of these genes, in our study,
was consistent till 48 hps mainly in Lp stimulation. Therefore, the
results indicate that induction of these gene expression in HK
cells persists for longer duration compared to the previous reports
of expression at 1, 3 and 6 [46] or 4 hps [47]. However, higher
expression of IL-2 was observed at 72 hps in pufferfish T cell
enriched cultures isolated from peripheral blood leukocytes (PBL)
[48]. The present information will be useful in predicting T and B
cells survival and proliferation in fish after immune-stimulation.
In the current study, increased expression of IL-7 was observed
at 1 hps in stimulation with Lpp and at 12, 24 and 48 hps with Lp.
This late and longer duration induction of IL-7 may contribute to
the development of non-regulatory T cells and survival and
function of naive and memory T cells [49]. The anti-inflammatory
IL-10 is multi-functional with cytokine synthesis inhibitory and
immunosuppressive functions [50]. Expression of the gene
encoding IL-10 was higher (over 15-fold relative to the control) in
HK cells stimulated with Lpp but not with Lp. Similarly, an in-
crease in IL-10 gene expression was reported in the HK of rainbow
trout fed the probiotic, L. plantarum [20]. In contrast to our
observation, dietary administration of LAB probiotic, L. delbrueckii
ssp. delbrueckii to European sea bass (Dicentrarchus labrax) larvae
induced a decrease in IL-10 gene expression [21]. Similarly, IL-10
was significantly up-regulated in colitis mouse challenged with
L. plantarum [51]. It is therefore possible that the up-regulated
function of IL-10 might have controlled the regulation of the in-
flammatory response induced by the stimulated pro-
inflammatory cytokines, thereby minimizing damage to the host
due to an excessive response [52]. Furthermore, in this study, the
induction of this cytokine was found to be strain dependent. TGF-
b1 is a potent regulatory cytokine with a variety of cellular
functions, such as regulation of cell proliferation, differentiation,
migration, and apoptosis under both physiological and patho-
logical conditions [53]. Although we observed enhanced expres-
sion of the TGF-b1 gene in HK cells at 1 hps with Lpp and 4 hps
with Lp, the expression level decreased compared to the control
at other post-stimulation time points. In the line with our find-
ings, higher expression of TGF-b1was observed in the HK and
spleen of rainbow trout fed the probiotics, L. rhamnosus for 30
days [19] and L. rhamnosus, Enterococcus faecium and Bacillus
subtilis for 45 days [18]. Therefore, our results suggest that TGF-b1
induction may be acute but inconsistent and the enhanced acti-
vation of TGF-b1 in conjugation with the stimulated IL-10 in the
pufferfish HK cells could possibly have had a suppressive effect on
T cell proliferation [54]. In the present study, we recorded dif-
ferential effects of the two LAB strains especially on the induction
of IL-2 subfamily and anti-inflammatory (IL-10 and TGF-b1) cy-
tokines and the strain Lp induced them more consistently
compared to Lpp. These strain-dependent varied cytokine re-
sponses may be related to functional and constituent differences
of these two strains and these differences are caused by genetic,
nutritional and environmental factors and more importantly by
the origin of the strains, as Lpp is from fermented camel milk and
Lp is from cow milk cheese.
5. Conclusion

Our findings provide a comparative understanding on the
immunomodulatory functions of two probiotic strains isolated from
the Mongolian dairy products by examining their role in tran-
scriptional responses of 16 cytokines in the HK cells of the Japanese
pufferfish. Despite the differences in the transcriptional profiles,
increased or induced expression of the cytokine genes proves the
potentiality of these two probiotics as novel immunostimulants to
fish. However, strain-dependent varied expression of important
cytokines (cell-mediated immune regulators, antiviral and anti-
inflammatory cytokines) suggests better efficacy of L. paracasei
spp. paracasei 06TCa22 strain as fish immunostimulant. Further
in vivo studies to elucidate the cytokine regulation networks will
validate our present observations. A careful evaluation of ant-
inflammatory properties may be undertaken using single strain to
affirm the immunostimulatory capability. Moreover, application
timings and frequency to assess the longevity of immunostimulant
effects and to make the application cost-effective need to be eval-
uated before any practical use in aquaculture.
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