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Avian influenza virus (H9N2) is one of the major cause of illness in chickens with potential threats to human
health. Chicken erythrocytes are known as most abundant circulating cells in the body which participate in
inflammation and immune responses. Influenza viruses interact with the host cells at cell surface, leading to
cell death in human and animals through apoptosis. Current study was designed to investigate the expression
levels of apoptosis-related genes in the H9N2 infected chicken erythrocytes. qRT-PCR and Western blot
techniques were performed to determine the expression levels of apoptosis-related genes including Bax,
Bcl-2 BAG-1, BAG-3 and STAT3 in H9N2 infected erythrocytes of chickens for incubation time intervals
of 0, 2, 6 and 10 h. The expression of all the genes related to apoptosis were significantly up-regulated at
different time periods, except of Bcl-2 which was significantly down-regulated at 6 and 10 h of infection.
To conclude, there are alterations in expression levels of apoptosis-related genes in chicken’s erythrocytes
at different time intervals that are highly related to the development of H9N2 infection. This study may
provide a new biomarker to detect H9N2 infection in chickens.
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INTRODUCTION
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vian influenza (AI) is known as one of the
economically important viral diseases of the chickens.
It is an enveloped, negative, segmented single stranded
RNA virus, belongs to the family Orthomyxoviridae. AI
virus is classified into three types of influenza named as
type A, B and C. Among these, type-A virus is of vital
importance, effecting many avian species. On the basis of
pathogenicity, AI virus can be categorized into two types
named as low pathogenic avian influenza (LPAI) virus and
highly pathogenic avian influenza (HPAI) virus (Fouchier
et al., 2005; Palese and Shaw, 2007; Wang et al., 2015).
There are many subtypes of AI virus that are zoonotic,
such as H9N2, H5N1 and H7N7. These three subtypes
have been transmitted directly from birds to humans.
Among all AI viruses, H9N2 avian influenza virus (AIV) is
known as LPAIV that mainly affects poultry populations,
human and pigs (Nagy et al., 2017; Xing et al., 2008).
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LPAIV has been spread in domestic birds throughout
Asia since the 1990s. It was reported that many species
are affected by H9N2 virus including duck, chickens,
quail, partridge, pheasant, chukar, pigeon that lead to huge
economic losses (Huang et al., 2017). LPAIV was isolated in
America in 1966, after that virus has been detected in many
countries. H9N2 has been reported in poultry throughout
Asia, Africa, the Middle East and Europe from 1995 to
1997. H9N2 AI virus was isolated from infected chickens
in Guangdong province in 1994, known as first reported
case of H9N2 in China. Most importantly, it was stated
that H9N2 has the ability to cross the species boundaries to
infect humans in Hong Kong and Guangzhou, China (Lv et
al., 2015). LPAIV have also been known to donate internal
genes to the highly pathogenic AIV (HPAIV) H5N1 in
humans. In Hong Kong, H9N2 subtype was isolated from
nasopharyngeal aspirates from three children detected
with mild symptoms in the year 1999 and 2003 (Xing et
al., 2011). H9N2 viruses have under-gone extensive reassortment with many subtypes of AI viruses, including
HPAIV (H5N1 and H7N3) viruses. Moreover, H9N2 virus
has a significant zoonotic threat, so poultry vaccination
of entire poultry birds against H9N2 virus is a possible
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way to decrease infection and transmission among birds
(Guan et al., 1999; Iqbal et al., 2013). Moreover, H9N2
virus can replicate in gut of birds and spreads by faecaloral transmission. H9N2 virus can spread with migration
of birds, hence it is very difficult to prevent and control
(Jahangir et al., 2010; Qu et al., 2012).
Chicken’s erythrocytes are known as most abundant
circulating cells in the body which are involved in
inflammation and immune responses. Normally, chicken
erythrocytes are large, nucleated, and sediment fast which
makes them clear for titre determination. However, it
is reported that human and chicken erythrocytes can be
agglutinated by a variety of influenza a viruses, while
avian and equine viruses can agglutinate horse and cow
erythrocytes viruses (Ge and Wang, 2011). The viral
hemagglutinin glycoprotein (HA) has been shown to
mediate specific recognition and biding among the virus
and target cell and from erythrocyte-influenza virus
interaction. Chicken erythrocytes have been shown
to actively form rosettes to facilitate the clearance of
pathogens by macrophages, and could produce specific
signalling molecules or cytokines in response to binding. It
was hypothesized that a relationship between erythrocytes,
haemoglobin and the immune system indicate an active
role in the immune response to pathogen (Morera et al.,
2011).
Apoptosis is known as programmed cell death in
chickens and several genes are involved in regulating
apoptosis. Apoptotic signals and permeabilization of the
mitochondrial outer membrane are affected by the release
of death promoting factors, which are regulated by the Bcl2 family of proteins. Bcl-2 and Bax both belong to Bcl-2
family of proteins and are considered as anti-apoptotic
and pro-apoptotic members of this family respectively.
In apoptosis pathway involving caspases showed that p53
and pro-apoptotic (Bax) activation occurs by some deathinducing stimuli, which further activates mitochondrial
outer membrane permeabilization (MOMP) and
apoptosome function leading to the cleavage of caspase-9
and activation of caspase-3 (Wang et al., 2018). It was
stated that BAG-1 is a multifunctional protein that has the
ability to enhance the anti-apoptotic activity in association
with Bcl-2. Similarly, BAG-3 has a similar function and
apoptotic activities as BAG-1 in association with Bcl-2
family (Liao et al., 2001). Several studies reported that
signal transducer and activator of transcription 3 (STAT3)
takes part in apoptosis and cell growth regulation by
promoting several genes expression in response to cellular
stimuli. Hence, aberrant STAT3 signalling induces cell
proliferation and inhibits apoptosis (Haberland et al.,
2009; Fan et al., 2013; Wang et al., 2018).
Various studies have shown that apoptosis has been
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detected by different techniques such as flow cytometry,
terminal deoxynucleotide transferase (TdT)-mediated nick
and labelling (TUNEL) (Hatori et al., 1995; Xing et al.,
2009) in chickens.
According to previous studies, apoptosis and
prostaglandins (PG) related genes have been identified
in the erythrocytes of chickens affected with Tibial
dyschondroplasia (Tian et al., 2013). Influenza virus
is responsible for cell death in different organisms by
apoptosis and H9N2 can lead to lymphoid tissues damage
by inducing apoptosis (Doustar et al., 2017). To date, there
was no evidence of apoptosis-related genes expressed
in H9N2 infected chicken’s erythrocytes. Hence, we
evaluated the mRNA levels of apoptosis-related genes
and protein expression of Bax by qRT-PCR and Western
blotting techniques in the chicken’s erythrocytes infected
with H9N2.
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MATERIALS AND METHODS
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Experimental materials
Specific pathogen-free (SPF) Esha brown chickens
were purchased from Longkol Company (Taigu, Shanxi
province, China). H9N2 a subtype of avian influenza A
virus was obtained from Shenzhen Laboratory, (Takara,
China). Dulbecco’s Modified Eagle Medium (DMEM)
was ordered from Beijing (Takara Bio Inc., China). H9N2
antibody serum was obtained from Longkol Company,
(Taigu, Shanxi province, China). RNAiso Plus and Reverse
transcription kits were obtained from Beijing, (Takara Bio
Inc., China). Diethyl pyrocarbonate (DEPC) (Takara Bio
Inc., Dalian, China) and phosphate buffer saline (PBS)
were prepared manually.

F

ri s

Erythrocyte isolation
Pure erythrocytes were obtained by a procedure as
described by Niu et al. (2018). 4 mL of fresh blood was
taken from the wing vein of SPF chickens. Lymphocyte
separation solution, PBS and blood were taken in 2:1:1
(8mL: 4mL: 4mL) ratio respectively. Initially, PBS was
mixed to blood. Secondly, lymphocyte separation solution
(superficial or upper layer) was added slowly to avoid the
mixing, followed by centrifugation at 2000 r/min (268 g)
for 20 minutes. Supernatant was removed and infranatant
(lying below a sediment) having pure erythrocytes was
collected and separated. Then, it was re-suspended in PBS,
centrifuged at 2000 r/min followed by 3 washings for 10
minutes each.
Virus treatment
50 µl of erythrocytes (3×108) were taken into 16
different centrifuge tubes containing DMEM maintenance
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were maintained as 95 °C (3minutes), 42cycles of 95°C
(30 seconds), 55°C (30 seconds), and final extension at
72°C for 10 seconds.

solution. These 16 tubes were segregated into four main
groups (0, 2, 6 and 10 h) containing 4 each. In each group,
four tubes were divided into control and experimental
sub-groups. Then, H9N2 100 µl virus solution (the
selected hemagglutination titer is 7log2) was added into
experimental sub-groups of all 4 main groups followed by
addition of 900 µl of DMEM to make the final volume
1050 µl. While, the rest of sub-groups without H9N2
treatment were considered as control groups (Fig. 1). After
completion of incubation with the virus, erythrocytes were
isolated at 0, 2, 6 and 10 h by centrifugation at 2000 r/min
(revolution per minute) for 20 minutes. The supernatant
was taken into Eppendorf tubes and stored separately.
Erythrocytes were washed 3-times with PBS and stored at
-80°C for further experiments.
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RNA extraction, cDNA synthesis and qRT-PCR
Total RNA was extracted and cDNA was synthesized
by following the method explained by Wang et al.
(2018). qRT-PCR was performed to determine the mRNA
expression levels of apoptotic genes between control
and experimental groups in erythrocytes of chicken.
Primer express 3.0 was used to design the primers, and
synthesized by Genery Biotechnology (Shanghai, China)
and presented in Table I. 18SrRNA gene was taken as an
internal control. These primers were selected for current
study because virus stimulates erythrocytes to apoptosis
as it was already reported in our previous study (Wang et
al., 2018). TaKaRa SYBR Premix Ex Taq™II (Takara Bio
Inc., Dalian, China) kit was used to perform Real-time
PCR by 1:10 cDNA dilution, primers (1.5pmol) and final
volume were set to the10µl. Thermal cycling conditions

Western blot analysis
Western blotting was performed for Bax to validate
the results of qRT-PCR. Cells were washed three times with
PBS followed by incubation in 150 µl lysis buffer on ice
for half hour. Cell lysates were collected and centrifugation
was done at 10,000 g for 8 minutes. Supernatant was
taken for western blot analysis. Protein concentration
was determined by BCA protein assay kit (Beyotime
Institute of Biotechnology, Ltd.) by using Bovine albumin
serum as standard. Then, the purified protein of 30µl was
added in Eppendorf tube and 4×sample buffer solution
(10µl) was mixed and placed at 100°C water bath for 5
mint heat to denature the protein. Denatured Protein was
loaded and resolved by electrophoresis on 8% Sodium
Dodecyl sulfate-polyacrylamide gel (SDS-PAGE) then,
the required stripe was transferred on to a nitrocellulose
(NC) membrane and run at 35 V for 60 minutes. 5% dried
milk (without fat) was used to block the blots for two h
followed by incubation with β-actin (dilution 1:1000, Santa
Cruz Biotechnology, Inc., USA) and Bax (dilution 1:400,
Santa Cruz Biotechnology, Inc., USA) primary antibodies
overnight at 4 °C. This anti-Bax antibody has no cross
reactivity with the chicken proteins. Later, the membranes
were incubated with HRP-conjugated goat anti-rabbit
secondary antibody (1:3000) for 2 h at room temperature
followed by PBST multiple washing, and protein bands
were visualized by enhanced chemi-luminescence (Super
ECL, KeyGEN BioTECH). Alpha View (version 3.2.2.0)
software was used for optical density calculation. β-actin
was set as an internal control.
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Fig. 1. Total volume used in control and experimental
groups and their respective repeat groups at 0, 2, 6 and 10
h of H9N2 infection.
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Statistical analysis
The qRT-PCR data were analyzed by using the 2-∆∆Ct.
Experimental data were shown as mean ±SEM. GraphPad
Prism 5 software (GraphPad Software Inc., San Diego,
USA) was used for statistical analyses. Two-way analysis
of variance (ANOVA) followed by Tukey’s multiple
comparison test was used to compare the control and
experimental groups. The value of P < 0.05 was considered
as statistically significant.

RESULTS
mRNA expression of apoptosis-related genes in chicken
erythrocytes
mRNA expression levels of apoptosis-related genes
including Bax, Bcl-2, BAG-1, BAG-3 and STAT3 were
evaluated in control and experimental groups at incubation

M.F. Qadir et al.

4

Table I. Apoptotic genes and primer sequences used for qRT-PCR.
Genes

Primer’s sequence (5′ → 3′)

GenBank accession No.

Annealing temperature

Bax

Forward-GTGATGGCATGGGACATAGCTC
Reverse- TGGCGTAGACCTTGCGGATAA

XM422067

55 °C

Bcl-2

Forward- GGCAACAGTATGAGGCCTTT
Reverse- GATAAGCGCCAAGAGTGATG

NM_205339.2

55 °C

BAG-1

Forward- CCGTTTCTGTCACCGTCA
Reverse- CCTTTGCTAAAAATCCCTTC

NM_001109692.1

55 °C

BAG-3

Forward- TTCTGATTCTCCAACGGTTT
Reverse- TTCATGGATCACAGGAATTG

BI394174.1

55 °C

STAT3

Forward- TATGTCACCCCACCTCC
Reverse- CTGCTCCCTCGCTACTGT

NM_001030931.1

55 °C

18SrRNA

Forward- TTCCGATAACGAACGACAC
Reverse- GACATCTAAGGGCATCACAG

FM165414
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55 °C

Fig. 2. mRNA expression of apoptosis-related genes in chicken’s erythrocytes at different time intervals (0, 2, 6 and 10 h).
Asterisks (*) indicating significant differences among experimental and control groups (*P < 0.05; **P < 0.01; ***P < 0.0004;
****P < 0.0001; ns, not significant) C, control; EXP, experimental.

time intervals of (0, 2, 6 and 10 h) (Fig. 2). mRNA
expression levels of all apoptosis genes were up-regulated
at all the time intervals except Bcl-2. Compared to
their respective control groups, Bax and BAG-3 were
significantly increased (P < 0.05) at 2, 6 and 10 h while no
significant changes were observed at 0 hour. STAT3 and
BAG-1 were significantly up-regulated (P < 0.05) at 6 and

10 h, while no significant changes were observed at 0 and 2
h treatment. However, Bcl-2 expression level was different
as compared to other genes, i.e. Bax, BAG-1, BAG-3
and STAT3. It was significantly decreased (P < 0.05) at
6 and 10 h while no significant results were observed at
0, 2 h after infection in comparison with their respective
control groups. Increase and decrease in expression levels
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DISCUSSION

suggested that apoptosis-related genes are involved in
signal transduction triggered by AIV (H9N2 subtype).
Expression changes of Bax at the protein level
After evaluating the mRNA expression levels of
apoptosis-related genes, we made an attempt to determine
the protein expression of Bax by Western blotting (Fig.
3), and expression of Bax was increased and gradually
increased as the time of incubation increased. Bax
expression was up-regulated at 2, 6 and 10 h and significance
was increased with the passage of infection. However, no
significant changes were observed at 0 hour of infection,
which was similar to mRNA expression results of Bax. So,
protein expression of Bax supported the mRNA results of
Bax. However, these results may create a hypothesis for
rest of genes that, if Bax protein expression validate the
mRNA expression of Bax, then protein expression level of
all other apoptosis-related genes should also support the
mRNA expression of their respective genes. Moreover, an
increase in protein expression levels in response to H9N2
may involve in immune responses.
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H9N2 AI viral infections can lead to mortality which
varies from 5 to 30% and cause severe economic losses to
the poultry industry and poultry farmers. Many researchers
have already focused on evaluating the role of these viruses
and the proteins that are involved in inducing apoptosis
in various tissues of body (Ito et al., 2002). Bax was
significantly up-regulated at 0, 6 and 10 h while BAG-3 at
2, 6 and 10 h of infection. Previous studies by Spampanato
et al. (2012), Jiang et al. (2014), Wang et al. (2018)
supported the current results, in which they investigated
the expression levels of these genes which may initiate
apoptosis in in cancer cells, T-cell lymphomas and chicken
erythrocytes. These genes were significantly expressed
due to reduced immunity level in birds, so the severity of
H9N2 infection increases indicating that infection become
more severe with an increase in incubation time. Apoptosis
is the critical conserved genetic program of the immune
system that ensures the infection severity with decrease in
immune level of birds. Birds may prone to severe infection
and inflammation, leading to cell death which may initiate
the apoptosis in different parts of the body. Bax and Bcl-2
genes act as antagonistic because Bax is known as proapoptotic gene and Bcl-2 is called an anti-apoptotic gene.
Bcl-2 is also helpful in cell survival and differentiation. So,
according to mechanism of pro and anti-apoptotic genes,
an increased level of Bax with concomitant decrease in
Bcl-2 may initiate the apoptosis. However, present results
of Bcl-2 which were significantly down-regulated at 6 and
10 h of infection. Previous studies by Spampanato et al.
(2012) and Huang et al. (2013) supported the current Bcl-2
findings, they investigated the expression of Bcl-2 which
may initiate the apoptosis. It has also been reported that
pro-apoptotic proteins activation results in the induction
of cytochrome c, which is released from mitochondria to
the cytoplasm. Moreover, Bcl-2 proteins can block the
cytochrome c release and prevent cell death, induced by
Bax (Saito et al., 2000; Wei et al., 2001; Jiang and Wang,
2004). In this study, increased expression of Bax with
simultaneous decrease levels of Bcl-2 expression may
lead to the release of cytochrome c, which may initiate
apoptosis process.
STAT3 and BAG-1 were significantly increased at 6
and 10 h, however no significant changes were observed
at 0 and 2 h revealing that infection severity was increased
with the passage of time which may be due to decreased
immunity level of birds so, infection was more severe in
later hour of incubation period. Most of the recent studies
reported increased expression of BAG-1 and STAT3
in human epidermal squamous cell carcinoma, B-cell
lymphoma, chicken erythrocytes and renal cell carcinoma,
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Fig. 3. Protein expression of Bax in chicken’s erythrocytes
at different time intervals of 0, 2, 6 and 10 h (Protein bands
derived from Western blot). Data represent mean±SEM.
Asterisks (*) indicating significant differences compared
to control groups (*P < 0.05; **P < 0.01; ***P < 0.0004;
****P < 0.0001; ns, not significant) C, control; EXP,
experimental.
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which supports the findings of current study (Wood et
al., 2011; Ok et al., 2014; Wang et al., 2018; Robinson et
al., 2019). Hence, expression levels of these genes at all
stages may be considered as a response of host to virus
indicating that, this gene is involved in H9N2 infection
in the erythrocytes of chickens at different stages of time
period.
Bcl-2 relative mRNA expression levels were different
as compared to other apoptotic genes. It was significantly
down-regulated at 6 and 10 h after infection, while not
significant at 0 and 2 h of infection as compared with
their respective control groups, showing that severity
of H9N2 decreased with the passage of time. Previous
study supported our current Bcl-2 findings in which, they
reported that the increased Bax expression and decreased
Bcl-2 initiates the apoptosis finally leading to oxidative
stress in the broiler chickens (Huang et al., 2013).
Generally, H9N2 promoted the expression of
apoptotic genes with the passage of time, which indicate
that these genes probably have vital role in H9N2 induced
infection. Up-regulated expression of these apoptosisrelated genes indicate the severity of H9N2 infection at
different time periods, and it can be seen that severity of
infection increases as the infection time persists except
for Bcl-2. Actually, a decrease in Bcl-2 and an increase
in other apoptotic genes may involve in programmed cell
death.
Further, western blotting was done to determine the
protein expression levels of Bax. At 0, 2, 6 and 10 h of a
time interval, in comparison with their respective control
groups, protein expression of Bax was significantly
up-regulated, and this significance increased with the
persistence of infection or passage of time. However, no
significant changes were observed at 0 hour of infection.
So, birds were more prone to infection with the passage
of time due to decreased immune level of birds. Hence,
severity of infection increased in later h of incubation
period. Spampanato et al. (2012) also observed the similar
protein expression of Bax in their study indicating the
apoptosis in cancer cell lines and they stated that high level
of increase in Bax and low level of Bcl-2 plays a vital role
in determining the programmed cell death. All the results
revealed that erythrocytes have the tendency to respond
the viral infections such as H9N2.
In conclusion, apoptosis-related genes in erythrocytes
of chickens are closely related to development of H9N2
infection. Current findings have provided a new perspective
by targeting apoptosis-related genes in H9N2 infected
chicken’s erythrocytes. Protein expression results of Bax
supported the mRNA expression level of Bax. Moreover,
these apoptosis genes may provide a new biomarker to
detect H9N2 infection in chickens. However, further
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studies are necessary to know morphological features and,
to check the mechanism of erythrocytes response against
H9N2.
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