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Granulocyte-macrophage colony stimulating factor (GMCSF), a multifunctional cytokine can enhance immune
responses when administered along with DNA vaccine. Aim of the present study was to clone and express the chicken
GMCSEF cytokine for use as ‘genetic adjuvant’. Chicken GMCSF gene 435bp was amplified using specific primers in which
restriction sites of BamHI and Hindlll were at forward and reverse primers respectively. The PCR product was cloned into
eukaryotic expression vector pcDNA 3.1(+) and clones were confirmed by restriction digestion and nucleotide sequencing.
Functional activity of recombinant GMCSF was checked by expression of GMCSF specific mRNA in transfected Vero cells
by RT-PCR of total RNA isolated from transfected Vero cells. The recombinant plasmid can be used as genetic adjuvant in

chicken.
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Cytokines are essential effector molecules of innate
and acquired immunity which initiate and coordinate
cellular and humoral responses against pathogens.
Proper communication between pathogen and host
cells via pattern recognition receptors (PRRs) and
pathogen associated molecular patterns (PAMPs)
initiates signal transduction pathways which in turn
induces the expression of cytokines and costimulatory
molecules which direct the appropriate immune
response’.

Cytokines, chemokines and T cells co-stimulatory
molecules as part of vaccine itself help in improving
the efficacy of vaccines as they work as ‘genetic
adjuvant’. Effectiveness of recombinant cytokines in
various vaccine adjuvant has been well established”.

These recombinant immunomodulators either
increase antigen uptake, their processing and
presentation  capacities or  their functional

polarization towards selective stimulation of T cell
subsets and B cells’. By this strategy, the direction of
an immune response can also be modulated towards
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a cell mediated Thl, or antibody mediated Th2 type
responses by differential expression of cytokine
patterns.

Co-administration of plasmid cytokine adjuvant
can augment DNA vaccine-elicited humoral and
cellular immune responses in animal models. GM-
CSF is a glycoprotein that regulates proliferation and
differentiation of hematopoietic progenitors and has
multifunctional  role including reversal of
neutropenia associated with cytotoxic chemotherapy,
bone marrow and haemopoietic stem cell
transplantation. It has a potent effect on
differentiation and maturation of dendritic cells
(DCs) as well as expression of MHC and co-
stimulatory molecules™®. The DC system is the
initiator and modulator of the immune response.

Adjuvant properties of GM-CSF are due to its
ability to attract the antigen presenting cells to the site
of inoculation’ and stimulate maturation of dendritic
cells®. Research finding revealed that GM-CSF
exhibit its adjuvant property without skewing the
Th1/Th2 balance. Thus, facilitating generation of both
humoral and cell-mediated immunity”'’. Tts use has
been explored in conjunction with a number of
experimental vaccines including those for human
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immuno-deficiency virus (HIV)'"'?> hepatitis C",
leishmaniasis'®, influenza'’, pseudorabies virus® and
hepatitis C virus'®. However, till now GMCSF based
genetic adjuvant has not been developed for use in
chicken. Keeping in view the role of GMCSF in
modulating immune response, in the present study we
have amplified chicken GMCSF and expressed in
eukaryotic system for using it as a genetic adjuvant
along with DNA vaccine.

Materials and Methods
Primer designing — Primers were designed for
chicken GMCSF using Lasergene  software

(DNASTAR, Inc. Madison, WI, USA), from the
sequences available at GenBank. Specificity of
primers was checked by NCBI blast programme
(http://www.ncbi.nlm.nih.gov/BLAST/). For chicken
GMCSF, restriction enzyme (RE) sites (BamHI in
forward and HindlIll in reverse primer) were added to
facilitate cloning in the same RE Sites in
pcDNA3.1(+) expression vector.

Peripheral blood mononuclear cells (PBMC)
culture — Blood collected from Rhod Red Island
chicken in heparinized tube was first depleted of
thrombocytes by low-speed centrifugation. The
buffy coat was then layered on Histopaque
(Sigma, USA) and centrifuged for 15 min at 800 g.
Cells at interface were collected and washed three
times with medium. PBMC were cultured at a
density of 5 x 10° cells/well in RPMI-1640
medium. Then, PBMC were placed in 25 cm? flask
and induced with 10 pg/ml concanavalin A
(Con A) (Sigma).

RNA extraction and preparation of cDNA — Total
RNA was extracted by using TRlIreagent (Sigma,
USA) as per the manufacturer’s protocol. Briefly,
TRIreagent (1 ml) was added to 200 pl of culture
fluid, mixed thoroughly and incubated for 10 min at
room temperature (RT). 200 pl of chloroform was
added, mixed and centrifuged at 10,000 rpm for 10
min at RT. Total RNA present in the aqueous phase
was precipitated with 500 pl of iso-propanol and
RNA pellet was washed with 70% ethanol, air dried,
and resuspended in 20 pl of nuclease free distilled
water.

cDNA was synthesized in 25 pl reaction volume
using random hexamer primers. For this, 5 ug of
total RNA was mixed with 50 ng random hexamer
primers and incubated at 70°C for 10 min followed
by 5 min incubation at 25°C. Then 5 pl of 5 x RT
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buffer, 40 U of RNase inhibitor, 1 pl of 10 mM
dNTPs mix and 200 U of ‘RevertAid’ reverse
transcriptase (MBI Fermentas) was added and
incubated at 42°C for 1 h followed by 15 min at
75°C to denature the enzyme. cDNA thus formed
was stored at -20°C till used.

Amplification and cloning of GMCSF — GMCSF
was amplified using specific primers, forward 5'-
GGCCGGATCCATGCTGGCCCAGCTCACTA-3'
and reverse 5'-GGCCAAGCTTTTAGATGCAGTC
TTTCTCCTCTG-3'". For amplification of GMCSF
gene, reaction was performed in 50 pl volume
containing 5 ul of 10 X PCR buffer, 1.5 mM Mg™", 10
pmol of each forward and reverse primer, 200 pM of
dNTPs mix, 2.5 U of Taq DNA polymerase and 5 pl
of cDNA. After initial denaturation at 95°C for 2 min
the reaction was carried out in a thermal cycler
(Biometra, U.K.) using following conditions: 35
cycles each of denaturation (95°C for 30 sec),
annealing (48°C for 45 sec) and extension (72°C for 1
min). Final extension was done at 72°C for 5 min.
The PCR amplicon (10 pl) was analyzed in 1.5%
agarose gel in containing 0.5 pg/ml ethidium bromide
at 70 volts for 1 h and visualized on ultraviolet
transilluminator.

The PCR product was gel purified using
‘MinElute  Gel Extraction Kit® (QIAGEN,
Germany) as per the protocol given by the
manufacturer. DNA eluted with 20 pul of elution
buffer was checked again by gel electrophoresis on
1.5% agarose gel. Concentration and purity of DNA
was assessed by Nanodrop (Nanodrop 2000c,
Thermo Scientific). Then eluted PCR product was
digested with BamHI and Hindlll restriction
enzymes. Further, this digested amplicon i.e
GMCSF was cloned into a eukaryotic expression
vector pcDNA3.1 (+) at BamHI and Hindlll
restriction sites. Recombinant plasmid was isolated
and confirmed by restriction enzyme digestion
using BamHI and HindIll enzymes.

Nucleotide sequencing — Recombinant positive
clone pcDNA.ch.gmcsf was got sequenced at
“DNA sequencing facility” Chromous Biotech,
Bangalore. Nucleotide sequences were checked
using BLAST (NCBI) and compared with the
reported sequences from UK and China using
Lasergene software (DNASTAR, Inc. USA).

Expression by RT-PCR — For transfection, 1.5
ug plasmid DNA mixed with 12 pl PolyFect
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(QIAGEN, Germany) was used for 4 X 10° Vero
cells in serum free medium in a six well plate. After
5-10 min incubation at room temperature, 0.6 ml
fresh cell growth medium (DMEM with 10% FBS)
was added to the mixture and layered over cells
grown to 60% confluency in a six well plate and
incubated again at 37°C and 5% CO, for expression
for 72 h. At the end of incubation, cells were
harvested, total RNA was extracted and RT-PCR
was performed using nested set of primers (forward
5'-CAGCGGCCACAGCA GGTC-3' and reverse 5'-
GCGGGGTGGGAGTTAT GTTC-3") as described
earlier. PCR product was analyzed by gel
electrophoresis on 1.5% agarose gel to confirm the
expression.

Results and Discussion

Recombinant cytokines have been used clinically
in the treatment of human diseases including
cancers and infectious diseases'’ . In the present
study, chicken GMCSF was amplified and cloned
into a eukaryotic expression vector for use as
genetic adjuvant. Total RNA was extracted from
ConA stimulated PBMC using TRIreagent and
GMCSF was amplified using 5 upl of cDNA.
Specific single band of approximately 435bp in
PCR as seen in ethidium bromide stained 1.5%
agarose gel (Fig. 1) confirming the amplification of
chicken GMCSF. Amplified PCR product was gel
purified and digested with BamHI and Hindlll
restriction sites. The digested product was
visualized in long-range UV light and the band
representing the GMCSF was excised and purified
using “Gel Extraction kit” (QIAGEN). The

M 1 2

435bp
400bp

200bp

Fig. 1— Agarose gel electrophoresis showing amplification of
chicken GMCSF at induced PBMC [Lane M: 100 bp DNA
Ladder; Lane 1-2: amplification of 435bp PCR product for
chicken GMCSF gene]
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concentration of purified insert was 30 ng/ul.
Stimulated macrophages has also been used to
extract total RNA for amplification of GMCSF
genes”'.

Therefore, GMCSF was cloned into pcDNA
3.1(+), a eukaryotic expression vector at BamHI
and Hindlll sites. Following transformation to E.
coli DH5a cells, the recombinant colonies were
selected and propagated. The recombinant
plasmids with GMCSF gene insert
(pcDNA.ch.gmcsf) was confirmed following the
digestion with BamHI and HindIIl which released
the fragment of desired 435bp (Fig. 2). In the
present study, pcDNA3.1 was used to develop
genetic adjuvant. It is a high level constitutive
expression vector designed for use in a variety of
cell lines. The vector has cytomegalovirus (CMV)
enhancer promoter, bovine growth hormone,
polyadenylation signal and transcription sequence,
fl origin for single-stranded rescue of the sense
strand DNA and SV40 origin for episomal
replication. Ampicillin resistance gene and ColE1
origin is provided for selection and maintenance of
recombinant in E.Coli. The studies by many
workers revealed that vectors containing the CMV
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Fig. 2— Agarose gel electrophoresis showing confirmation of
GMCSF gene insert in pcDNA3.1 (+) eukaryotic expression
vector through restriction enzyme analysis [Lane M: 100bp DNA
Ladder; Lane 1-6: recombinant clones releasing 435bp insert on
digestion with BamHI and Hindlll restriction enzymes; Lane 7:
undigested recombinant clone]
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promoter and the bovine growth hormone
termination signal, work well in the DNA
vaccination®”*’. There are many reports where
pcDNA3.1(+) has been used as a vector for
developing DNA vaccine**?.

The recombinant plasmid pcDNA.ch.gmcsf was
sequenced from the sequencing facility, Chromous
Biotech Pvt. Ltd., Bangalore. The sequence data
was stored in “EditSeq” programme of
‘Lasergene’ software (DNASTAR) for sequence
analysis. The sequence was submitted to GenBank
and is available with accession number was
GQ421598. The sequence obtained in this study
was compared and analyzed using MegAlign
programme of Lasergene software with reported
sequences of GMCSF EU939770.1 from China
and NM_001007078.1 from UK. Nucleotide
alignment showed there was a nucleotide
substitutions 28G-T in the GMCSF used in this
study and 367A-G in GMCSF reported from birds
of china (Fig. 3) (Accession no. EU939770.1)
Nucleotide comparison of the GMCSF amplified
in this study (GQ421598) with those of reported
sequences) demonstrated 99.5% homology with
the sequence from China and 99.8% homology
with UK. (Fig. 4)

For expression studies, the recombinant
pcDNA.ch.gmcsf containing complete GMCSF
gene was purified using ‘Endofree Maxi columns’
(QIAGEN). The purified plasmid DNA was
checked by taking ODjygpns0 and ratio of
OD,40/OD5,g¢ was found to be 1.8, which indicated
that the DNA preparation was pure double
standard DNA and free of RNA and protein
contaminations.

The purified plasmid DNA at the concentration of
1.5 pg per well of 6 well plates was used to transfect
Vero cells by Polyfect® Transfection reagent
(QIAGEN). The transfected cell lysate was collected
at 72 h post transfection, along with mock and vector
transfected control to check the expression by RT-
PCR using nested set of primers which yielded
specific band of 202 bp (Fig. 5), indicating that
GMCSF cloned in this study are functionally active.
Many other workers have also used RT-PCR for
confirmation of expression in vitro®*®. As
recombinant pcDNA.ch. gmcsf contains functionally

—>
Fig. 3— Sequence alignment of 435bp of GMCSF. Only changes
in relation to the consensus sequence are indicated
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Fig. 4— Rooted phylogenetic tree showing relationship between GMCSF India and others

202bp

Fig. 5— Characterization of in vitro expression of GMCSF by
RT-PCR [Lane M: 100bp DNA ladder (Fermentas); Lane 3:
transfected cell lysate collected at 72 h post transfection; Lane 2:
transfected cell lysate collected at 48 h post transfection; Lane 1:
mock control]

active chicken GMCSG, which expresses GMCSF, it
can be used as a genetic adjuvant with different
vaccine formulations.

Acknowledgement

Thanks are due to Department of Biotechnology,
Government of India for funding the research work
(project code: BT/PR6473/AAQ/01/242/2005).

References

1 Janeway C A & Medzhitov R, Innate immune recognition,
Annu Rev Immunol, 20 (2002)197.

2 Hilton, L S, Bean A G, Kimpton W G & Lowenthal J] W,
Interleukin-2 directly induces activation and proliferation of
chicken T cells in vivo, J Inteferon Cytokine Res, 22 (2002)
755.

3 Schijns V E, Weining K C, Nuijten P, Rijke E O & Staeheli
P, Immunoadjuvant activities of E coli- and plasmid
expressed recombinant chicken IFN-alpha/beta, IFN-gamna
and IL-1pB in 1-day- and 3-week-old chickens, Vaccine, 18
(2000) 2147.

4 Tazi A, Bouchonnet F, Grandsaigne M, Boumsell L, Hance I
A J & Soler P, Evidence that granulocyte macrophage-

10

11

12

13

colonystimulating factor regulates the distribution and
differentiated state of dendritic cells/Langerhans cells in
human lung and lung cancers, J Clin Invest, 91 (1993) 566.
Shi Y F, Liu C H, Roberts A I, Das J, Xu G W, Ren G W,
Zhang Y Y, Zhang L Y, Yuan Z R, Tan H S W, Das G &
Devadas S, Granulocyte-macrophage colony-stimulating
factor (GM-CSF) and T-cell responses: what we do and don’t
know, Cell Res, 16 (2006) 126.

Inaba K, Inaba M, Romani N, Aya H, Deguchi M, Ikehara S,
Muramatsu S and Steinman R M, Generation of large
numbers of dendritic cells from mouse bone marrow cultures
supplemented ~ with  granulocyte/macrophage  colony-
stimulating factor, J Exp Med, 176 (1992) 1693.

Haddad D, Ramprakash J, Sedegah M, Charoenvit Y,
Baumgartner R, Kumar S, Hoffman S L and Weiss W R,
Plasmid vaccine expressing granulocyte-macrophage colony
stimulating factor attracts infiltrates including immature
dendritic cells into injected muscles, J Immunol, 165 (2000)
3772.

Yoon Hyun A, Cytokine GM-CSF genetic adjuvant
facilitates prophylactic DNA vaccine against pseudorabies
virus through enhanced immune responses, Microbiol
Immunol, 50 (2006) 83.

Kusakabe K, Xin K Q, Katoh H, Sumino K, Hagiwara E &
Kawamoto S, The timing of GM-CSF expression plasmid
administration influences the Th1/Th2 response induced by
an HIV-1-specific DNA vaccine, J Immunol, 164 (2000)
3102.

Ahlers J D, Dunlop N, Alling D W, Nara PL & Berzofsky J
A, Cytokine-in-adjuvant steering of the immune response
phenotype to HIV-1 vaccine constructs: granulocyte—
macrophage colony-stimulating factor and TNF-alpha
synergize with IL-12 to enhance induction of cytotoxic T
lymphocytes, J Immunol, 158 (1997), 3947.

Barouch D H, Santra S, Tenner-Racz K, Racz P, Kuroda M
J, Schmitz J E, Jackson S S, Lifton M A, Freed D C, Perry
H C, Davies M E, Shiver ] W & Letvin N L, Potent CD4+
T cell responses elicited by a bicistronic HIV-1 DNA
vaccine expressing gpl20 and GM-CSF, J Immunol, 168
(2002), 562.

Ou-Yang P, Hwang L H, Tao M H, Chiang B L & Chen D S,
Co-delivery of GM-CSF gene enhances the immune
responses of hepatitis C viral core protein-expressing DNA
vaccine: role of dendritic cells, J Med Vicrol, 66 (2002) 320.
Follador C, Araujo G, Orge L H, Cheng L P, de Carvalho O,
Bacellar R P, Almeida & Carvalho E M, Immune responses
to an inactive vaccine against American cutaneous
leishmaniasis together with granulocyte—macrophage colony-
stimulating factor, Vaccine, 20 (2002) 1365.



1180

14

15

16

17

18

19

Operschall E, Pavlovic J, Nawrath M & Molling K,
Mechanism of protection against influenza A virus by DNA
vaccine encoding the hemagglutinin gene, Intervirology, 43
(2000), 322.

Christine H, Massoumeh E, Hoorieh S, Ali K, Mehdi M,
Nasrin R & Kayhan A, Effect of immunological adjuvants:
GM-CSF (granulocyte-monocyte colony stimulating factor)
and IL-23 (interleukin-23) on immune responses generated
against hepatitis C virus core DNA vaccine, Cyftokine, 46
(2009) 43.

Cohen A D, Boyer ] D & Weiner D B, Modulating the
immune response to genetic immunization, FASEB J, 12
(1998) 1611.

Nash A D, Lofthouse S A, Barcham G J, Jacobs H J, Ashman
K, Meeusen E N, Brandon M R & Andrews A E,
Recombinant cytokines as immunological adjuvants,
Immunol Cell Biol, 71 (1993) 367.

Opal S M, Wherry J C & Grint P, Interleukin-10: potential
benefits and possible risks in clinical infectious diseases.
Clin Infect Dis, 27 (1998) 1497.

Bukowski R M, Cytokine combinations: therapeutic use in
patients with advanced renal cell carcinoma, Semin Oncol, 27
(2000) 204.

20

21

22

23

24

INDIAN J EXP BIOL, DECEMBER 2010

Boretti F S, Leutenegger C M, Mislin C, Hofmann L R,
Konig S, Schroff M, Junghans C, Fehr D, Huettner S W,
Habel A, J N Flynn, Aubert A, Pedersen N C, Wittig B &
Lutz H, Protection against FIV challenge infection by genetic
vaccination using minimalistic DNA constructs for FIV env
gene and feline IL-12 expression, AIDS, 14 (2000), 1749.
Stephen P Dunham & Jennifer Bruce, Isolation, expression
and bioactivity of feline granulocyte-macrophage colony-
stimulating factor, Gene, 332 (2004), 97.

Suarez D & Schultz-Cherry L S, The effect of eukaryotic
expression vectors and adjuvants on DNA vaccines in
chickens using an avian influenza model, Avian Dia, 44
(2000), 861.

Ravindra P V, Tiwari A K, Sharma B, Rajawat Y S, Ratta B,
Kumar S, Sundaresan N R, Chaturvedi U, Arunakumar G B,
Kantaraj C, Saxena M, Subudhi P K, & Chauhan R S, HN
protein of NDV causes apoptosis in chicken embryo
fibroblast culture, Arch Virol, 153 (2008) 249.

Ratta B, Nauiyal B, Ravindra P V, Chaturvedi U, Kumar S,
Subudhi P K, Kantaraj C, Tiwari S, Barman N N & Tiwari A
K, Characterization and expression of E2 glycoprotein of
classical swine fever virus in eukaryotic system, Indian J
Virol (Accepted)



