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ABSTRACT

Tumor necrosis factor alpha (TNF-α) an imperative cytokine is secreted from various immune cells, involved in
regulation of inflammation process, leukocytes functioning and secretion of other cytokines. TNF–α has been identified
and studied in many bony fishes. In Pakistan, Cirrhinusmrigalais an important farm fish. Being a novel organism, it was
selected for the present studies. After acclimation, fish were divided into five groups i.e. control receiving no stimulation,
experimental B,C,D and E receiving LPS and Poly I.C, 2 mg and 20 mg/kg body weight respectively through intra-
peritoneal injection. These were dissected after 4, 8 and 12 h of injection. Spleen and head kidney were removed and
processed for RNA isolation, quantified and used for cDNA synthesis. PCR was performed with TNF-α primers taking
cDNA as template. Amplified products were run on 1.2% agarose gel and intensity was calculated by Quality One
v.4.5.9 software (BIO-RAD). TNF-α expression was observed significantly up-regulated with 20 mg dose after 4 h of
stimulation with LPS but with Poly I.C it was observed after 12 h. Spleen showed elevated expression than head kidney.
So the expression level of TNF-α is not only dependent on time and dose of the stimulants but different organs also.
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INTRODUCTION

Tumour necrosis factor alpha (TNF-α) is a
potential regulator of inflammation and leukocyte
activities. It is a pleiotropic kind of cytokine which is
mostly secreted from macrophages and monocytes but
under effect of specific stimuli T lymphocytes, B
lymphocytes, Endothelial cells, NK cells and other cells
of immune system may secrete TNF-α (Peters et al.,1986;
Chan et al.,2001).

TNF-α provides immunity to the host against
intracellular bacteria, intracellular and extracellular
protozons, fungi and other parasites (Pfeffer et al., 2003;
Clark, 2007). This protein has been shown to up-regulate
the production of other cytokines as well.TNF-alpha has
been identified in all taxonomic groups of teleost fish and
is conserved in all vertebrate classes. However, its role
and biological activities in infection are largely unknown
(Roca et al., 2008).

TNF-α has been identified in many bony fishes
including Japanese flounder (Hirono et al., 2000), sea
bream (Garcia-Castillo et al., 2002), trout (Zou et al.,
2002), catfish (Zou et al., 2003) and carp (Saeij et al.,
2003; Savan and Sakai, 2004). Certain teleosts showed
difference in expression pattern (Saeij et al., 2003;
Savanand Sakai, 2004). Healthy fish tissues showed high
constitutive expression of TNF-α (Zou et al., 2003;
Garcia-Castillo et al.,2004; Savan and Sakai, 2004) with
high individual variation in expression level of TNF-α

(Purcell, 2004).TNF-α showed significant constitutive
expression in different tissues of sea bass (Nascimento et
al., 2007). Grayfer and his co-workers in 2008 showed
different quantitative expression of carp TNF-α from that
reported earlier. Trout head kidney incubated with 10
ug/ml LPS showed an increased expression of TNF- α
(Teles et al., 2011).

TNF-α is synthesized on stimulation with
endotoxins, inflammatory mediators and cytokines. In
present study we compared the time and dose dependant
expression of TNF-α in head kidney and spleen of
Cirrihinusmrigala on stimulation with bacterial and viral
synthetic antigens. This study is an addition for
understanding TNF-α functioning in relation to time and
dose dependent bacterial and viral infection.

MATERIALS AND METHODS

Experimental organisms (190 ± 20 g) were
obtained from freshwater fish farm near Muridke
(Punjab, Pakistan) and were maintained in cement pounds
(2m x 2m x 4m) of animal house of Department of
Zoology, GC University Lahore with continuous aeration.
Almost half of the water was exchanged every week to
maintain water quality. The temperature of water was
19±2 °C and fish were fed with commercial diet on daily
bases. Fish were acclimatized for 2 weeks before start of
experiments. No signs of disease were observed during
this period.
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Administration: Mrigal carp were divided into 5 groups.
Group A was control group received intra-peritoneal (ip)
injection of 1 ml of phosphate buffered saline (PBS).
Group B and C received LPS 2 mg/kg and 20 mg/kg Fish
body weight (E.coli O55:B5, Sigma-Aldrich)
respectively, dissolved in 1 ml of PBS. Group D and E
received 2 mg/kg and 20 mg/kg Fish body weight of Poly
I.C (Sigma-Aldrich) respectively, dissolved in 1 ml of
PBS.Three fish from each group were sacrificed after 4, 8
and 12 hours of injection. Head kidney and spleen were
collected in TRI sure (Bioline) for RNA extraction.

RNA extraction: The tissues of Head kidney and spleen
were homogenized in 1ml of TRI Sure (Bioline) to
disrupt the cellular contents and release of RNA.
Homogenate was transferred to sterilized 1.5 ml
eppendorfs and incubated for 5 minutes at room
temperature then 200 µl of chloroform was added to
homogenate and mixed by vigorous shakingfor 10
minutes at room temperature. The samples were
centrifuged (AllegraTM 64R Centrifuge, Beckman
Coulter) with 15,000xg at 4°C for 15 minutes. After
centrifugation, three distinct layers appeared in
eppendorf, upper most clear phase containing RNA was
pipetted out into another sterilized 1.5 ml eppendorf and
an equal quantity of isopropanol was added and mixed by
inverting the tube and incubated at room temperature for
10 minutes. White pellets were obtained at the bottom of
eppendorf after centrifugation of samples under above
mentioned conditions. After the discard of supernatant
pellets were collected and washed in 75% chilled ethanol.
By removing extra supernatant the pellets were air dried
and dissolved in DECP treated water. Concentration of
RNA was measured spectrophotometrically (Hitachi-U-
2001) by following formula and stored at -80°C.
RNA concentration = O.D260nmX 40ug/ml X dilution
factor

cDNA synthesis: cDNA synthesis kit (Bioline) was used
for cDNA following manufacturer protocol. Briefly, 5ul
RNA(1ug/ul) was mixed with 1ul of oligo-(dT)18

(0.5ug/ul) and 6 ul of DECP treated H2O in 0.5 ml PCR
tube and incubated at 70°C for 5 minutes in thermocycler
(Quantarus Q Cycler TechneProgene). Immediate after
incubation, tube was placed on ice for 2 minutes. Then 8
ul of reaction mixture having 5x Bioscript buffer 4ul, 10
uMdNTPs 1ul, Bioscript (200 u/ul) 0.25 ul (Bio-65025
Bioline) and DECP treated H2O 2.75 ul was added to the
RNA-oligo-dT tube, vortexed and briefly spun down.
Then the reaction tube was incubated at 42°C for 1 hour.
Reaction was terminated by heating at 70°C for 15
minutes. Resulting cDNA was diluted in 80 ul of
TEbuffer and stored at -20°C.

Amplification of cDNA through RT-PCR: TNF-α gene
expression was examined in the head kidney and spleen
through RT-PCR and expression under stimulation with

LPS and Poly I.C. were compared with control stimulated
by PBS. The quality of cDNA was checked with a house
keeping gene β-actin. The primers used for β-actin
expression were F 5’GATGATGAAATTGCCGCA3’, R
5’AGGTGATGAAGCCCAGAGC3’. The primers used
for TNF-α expression were F
5’GCTGTCTGCTTCACGCTC 3’, R
5’GCAGTTGATGTGGAAAGACA3’. Amplification
reactions contained 10X NH4reaction buffer 2ul, 50mM
MgCl2 0.7ul, 2.5uM dNTPs 0.5ul, DECP H2O 10.6ul,
Forward primer 1ul, reverse primer 1ul, Taq Polymerase
(500 U) [BioTaqTM. BIO-21040.Bioline] 0.2ul and
template cDNA 4ul from final volume of 100ul. RT-PCR
expression with β-actin verified that equivalent amount of
cDNA were present in different samples.

Thermocycler conditions for amplification were
94°C initial denaturation for 3 minutes, 35 cycles with
94°C denaturation temperature for 30 seconds, 53°C and
54°C annealing temperature for 30 seconds for β-actin
and TNF-α respectively, 72°C elongation temperature for
45 seconds. Final elongation was performed at 72°C for
10 minutes and PCR products were stored at 4°C.

10ul of PCR products were run on 1.2% agarose
gel. The gel was stained with ethidium bromide (100
ng/ml). Images were densitometrically analysed through
Gel Doc system (Bio Doc-ITTM Imaging System). Hyper
ladder IV (Bioline) was used as size marker. The
intensity of the amplification bands was assessed through
Quality One v.4.5.9 software (BIO-RAD). Semi-
quantitative analysis of mRNA transcript of stimulated
and non-stimulated samples was performed and Student’s
t test with p<0.05 significance value was used to analyse
the data.

RESULTS

TNF-α was expressed in both stimulated and un-
stimulated organs. However, its expression was up
regulated in stimulated organs with 20mg dose. Both
stimulation with LPS and Poly I.C. have shown up-
regulation of TNF-α expression (Fig. 1-4). This up-
regulation is dose and time dependent and differential
expression was observed in head kidney and spleen.
According to our results more elevated expression was
observed in spleen as compared to head kidney (Fig. 3,4).
LPS is slightly more potent in terms of time efficacywhen
compared with Poly I.C. as organs showed more elevated
expression of TNF-αafter 4 hours of LPS administration
and the expression almost remained constant after 12
hours of injection with 20 mg/kg body weightdose (Fig.
1,2).While fish stimulated with Poly I.C. 20 mg/kg body
weight showed elevated expression after 12 hours of
administration. However with a dose of 2 mg/kg body
weight there was no significant rise in the expression of
TNF-α with both LPS and Poly I.C.According to our
results TNF-α gene expression was induced by both
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bacterial and viral attack but TNF-α gene expression
level required more time for enhanced expression with

viral attack as compared to bacterial attack.

Fig.1-Head Kidney and Spleen stimulated with LPS (2mg/kg Fish body weight)

Fig.2-Head Kidney and Spleen stimulated with LPS (20mg/kg Fish body weight)
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Fig.3-Head Kidney and Spleen stimulated with Poly I.C. (2mg/kg Fish body weight)

Fig.4-Head Kidney and Spleen stimulated with Poly I.C. (20mg/kg Fish body weight)
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Fig.5. DNA bands on agarose gel, amplified with TNF-alpha primers

DISCUSSION

In our study intra-peritoneal injection of LPS
and Poly I.C elevated the expression of TNF-α. However,
there are time and dose dependent variations in
expression under both stimulants. Poly I.C20mg
stimulation did not show effect after 4 hour and 8 hour of
injection however significant increase in TNF-α
expression was observed after 12 hours of injection as
compared to control group. Under LPS stimulation with
20mg dose, elevation of the expression of TNF-α is
observed after 4 hours which remains constant up to 12
hours of dose. According to various studies LPS
generally induced the expression of different cytokines
(Teles et al., 2011). In a study on rainbow trout Roher
and his co-workers (2011) showed that LPS and zymosan
are major inducers of TNF-α secretion, although this
secretion is not initially associated with the induction of
mRNA expression of TNF-α.

Our results demonstrate variation in the level of
expression of TNF-α being slightly higher in spleen as
compared to Head Kidney, though, the difference is non-
significant. Morrison and his co-workers (2007) reported
more elevated expression of TNF-α in spleen as
compared to head kidney in amoebic gill disease effected
Atlantic salmon. In another study performed by Leon and
Ardavin (2008), similar results were documented.
However, according to various studies in different tissues
of carp, catfish, sea bass and sea bream significantly

different TNF-α expression was reported (Zouet al.,
2003; Garcia-Castillo et al., 2004; Savanand Sakai,
2004).

PAMPs are generated during the replication of
RNA and DNA viruses (weber, 2006) and they are
recognized by RPRs. There are three major classes of
RPRs i.e. toll-like receptors (TLRs) located on cell
surface or in the endosome, NLRs(NOD-like receptors)
are cytoplasmic sensors and RLRs(RIG I-like receptors)
recognize Viruses (Akira et al.,2006; Chen et al.,2009;
Franchi et al.,2009). Mostly CD 14 and TLR-4/myeloid
differentiation protein 2 recognize the LPS (Poltorak et
al., 1998; Schromm et al., 2001; Visintin et al.,2003;
Jiang et al., 2005). MacKenzie and co-workers in 2008
showed that in head kidney intra-peritoneal LPS injection
initiate early stress reactions which suppress the cellular
functions followed by haematopoietic proliferative
reactions. However, in case of viral infection suppression
of haematopoietic and protein biosynthetic function and
initiation of immune response occurred.The difference
between the expression of LPS and Poly I.C mostly due
to their different receptors and their specific way of
activation.

Poly I.C. is a synthetic analogue of dsRNA.
Endosomally localized receptors TLR-3 are important in
sensing the poly I.C (Alexopoulou et al., 2001; Nishiya et
al., 2005). LPS and dsRNA interacting with TLR-4,
TLR3, or Mda-5 activate different signalling pathways
using various adaptor proteins. These signalling pathways
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leads towards activation of TNFR-associated factor, NF-
ĸB, activator-binding kinase I (TBK-I) and IFN
regulatory factor 3 (IRF-3), which induces type-I IFN and
ISGs (Grandvaux et al., 2002). Both LPS and Poly
I.Cprompt the activation of NF-ĸB (Alexopoulou et al.,
2001; Faure et al., 2000), trailed by the release of
TNF(Collart et al., 1990). So LPS may be effected TNF-
α expression earlier due to having more receptor sites and
different activation pathways.

In conclusion, our data shows that TNF-alpha is
expressed in response to both bacterial as well as viral
stimuli. However, the response is more severe against
bacterialas compared to viral antigens, and is also dose
dependent. Furthermore, we also found that TNF-α is
expressed differentially in different tissues. Although,
this study partially describes the immune response of fish
against non-cellular stimuli. Yet, detailed information is
required to understand the molecular mechanism of this
differential expression of TNF-alpha.
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