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Introduction

Human Influenza A Virus (IAV) causes a highly contagious acute 
respiratory illness, which can be fatal, particularly in young chil-
dren and the elderly [1]. For most severe IAV pandemics, the ex-
act contribution of  individual viral effect to pathogenicity at mo-

lecular levelis still largely unknown. The understanding of  such a 
systematic analysis of  IAV infection at the level of  transcriptional 
regulation in the host cells is important for interpretation of  these 
complex genetic changes [2]. IAV is the most able to escape the 
innate immune response in the airways with the potential con-
sequence of  severe respiratory symptoms and systemic inflam-

Abstract

Objectives: Influenza A virus is a major cause of  respiratory infections with high rates of  morbidity and mortality world-
wide. An understanding of  how InfluenzaA virus (IAV) modulates host cellular responses is critically important to explore 
the molecular mechanisms of  viral-host interaction. The aims of  this study are; to detect changes in the mRNA expression 
in a panel of  inflammatory genes in the leukocyte concentrate Buffy coat of  IAV infected patients after 48 hrs of  infection. 
Also to determine the relation between the inflammatory gene expression and asthma in IAV patients. 
Methods: Blood from 90 hospital admitted patients suffering from flu within the first 48 hrs of  infection was tested for 
IgM- influenzaA virus. Only eight patients were positive. Leukocytes from the IAV positive patients were tested for a panel 
of  84 inflammatory genes using real time-PCR array technology. 
Results: Only 14 inflammatory genes (IL1B, IL8, IL10, IL13, CCL2, CCL5, CCL7, CXCL1, CXCL10/IP-10, CX3CR1, 
C5, TNF, ABCF1, and BCL6) shown a significant upregulation fold ranging between between 1.01 and 121.35 fold in all 
the eight patients with a 100% frequency. The upregulation of  IL8, IL 10, IL13, C5, CCL7, CCL5/RANTES, CXCL1 and 
CCL18mRNA transcription with high significance might suggest that the asthma complication during IAV infection is due 
to the stimulation of  immune response. Six inflammatory genes (CEBPB, CCR1, IL1R1, MIF, CXCL11 and IL9R) shown a 
decrease in the mRNAexpression with fold ranged between -250.99 and -1.11 compared to control cells after recovery but 
with variable frequencies indicating a time dependent response. 
Conclusion: Our results revealed several alterations of  many Leukocyte`s inflammatory gene expressions induced by 
influenza A virus. Eight of  the over expressed genes are involved in asthma complication. All samples are mostly infected 
with related subtypes of  influenza A viruses. These results may help for further analysis of  influenza A virus role on host–
pathogen interaction.

Keywords: RT-PCR - Arrays; Influenza A Virus - White Blood Cell Interaction; Inflammatory gene Expression; 
Cytokines; Cytokines Receptors.

*Corresponding Author: 
Abdulrhem T Al-Ghazal,
Faculty of  Science, Department of  Biology, University of  Mosul, Postal code: 11942, P.O.BOX: 13739, Iraq.
Tel: (00964)07704139591
Fax: 00962 65356746
E-mail: bakurius@yahoo.com

Received: September 14, 2016
Accepted: October 28, 2016
Published: October 31, 2016

Citation: Al-Ghazal AT, Ismail SI, Al-Umary YI, Al-Khuzie RF, Assaf  AA (2016) Effect of  Influenza-A Virus Infection On Inflammatory gene Expression Profiles Of  Leukocyte 
Concentrate Buffy Coats and Exacerbation of  Azthma. (Inflammatory Response to Influenzaa Virus Infection). Int J Virol Stud Res. 4(5), 55-63.
doi: http://dx.doi.org/10.19070/2330-0027-160009
 
 Copyright: Al-Ghazal AT© 2016. This is an open-access article distributed under the terms of  the Creative Commons Attribution License, which permits unrestricted use, distribution 
 and reproduction in any medium, provided the original author and source are credited.

http://dx.doi.org/10.19070/2330-0027-160009


Al-Ghazal AT, Ismail SI, Al-Umary YI, Al-Khuzie RF, Assaf  AA (2016) Effect of  Influenza-A Virus Infection On Inflammatory gene Expression Profiles Of  Leukocyte Concentrate Buffy Coats 
and Exacerbation of  Azthma. (Inflammatory Response to Influenzaa Virus Infection). Int J Virol Stud Res. 4(5), 55-63. 56

 OPEN ACCESS                                                                                                                                                                                  http://scidoc.org/IJVSR.php

mation [3]. Viral respiratory infections have a major impact in 
individuals with chronic airway diseases such as respiratory in-
flammations, asthma and chronic obstructive pulmonary disease 
(COPD). In these individuals the clinical response occurs by the 
effect of  the virus on host cell gene expression, the stimulation 
of  antiviral immune response, and the pre-existing of  chronic 
airway inflammation [4]. Viral infections cause changes in gene 
expression of  many pro-inflammatory cytokines and chemokines. 
Cytokines play a key role in the development and functioning of  
both the innate and adaptive immune response. They are often se-
creted by immune cells that have encountered a pathogen such as 
viruses, thereby activating and recruiting further immune cells to 
enhance the immune response to the pathogen [5]. Chemokines 
are essential mediators of  inflammation and important for con-
trol of  viral infections. The profile of  chemokine expression was 
found to have a role in modulating the immune response during 
viral infection [6]. Previous studies showed that the effect of  IAV 
on the expression of  inflammatory genes in response to infec-
tion in human cells, contributes to viral pathogenesis, primarily 
by enabling the virus to disarm the host cell defense system [7, 8]. 
IAV was found to have the capability of  upregulating the expres-
sion of  a variety of  chemokine genes in infected human mac-
rophages or leukocytes leading to the activation of  cell signaling 
pathways and augmentation of  inflammation [9, 10]. Tong et al., 
2003 showed that the Infection with IAV can cause changes in 
the expression of  inflammatory genes in human epithelial cells. 
Most of  these genes were upregulated (2 – 5 fold) including 131 
gene (interferon inducible genes, chemokine and cytokine genes, 
pro-and anti-apoptotic genes, signal transduction and transcrip-
tion factors, cellular immune response, cell cycle and metabolism 
genes) and 11 genes were down regulated (Genes of  cell mem-
branes, cell adhesion, cell motility, transporter, signaling and tran-
scription) [11].

Real-time-PCR array is an alternative to microarray techniques for 
the analysis of  transcription from multiple genes. The main ad-
vantage of  real-time PCR array is that it is more sensitive to low-
fold changes than other high-throughput assays. In addition, the 
real-time PCR array technique can detect low quantity of  nucleic 
acid, and has a large dynamic range, and various controls that can 
be included to ensure accuracy. In contrast to microarray tech-
niques, in real-time PCR array the parameters for each gene can 
be optimized individually. Moreover, the identity of  PCR prod-
ucts can be confirmed through melting curve analysis, restriction 
endonuclease analysis, or DNA sequencing [12, 13]. The objec-
tives of  this study are; to determine the changes in the mRNA 
expression of  a panel of  84 inflammatory genes in the leukocyte 
concentrate of  IAV infected patients after 48 hrs of  infection. 
Also to detect the correlation between the inflammatory gene ex-
pression and the exacerbation of  asthma after IAV infection. 

Materials and Methods

Patients And Blood Samples

Eight females hospitalized at Ibn AL-Haytham Hospital in Am-
man/Jordan for respiratory tract infections are included to ana-
lyze the gene expression changes in leukocytes in response to IAV 
infection. EDTA-blood (5ml) was collected from patients in the 
acute phase of  the disease (within 48 hrs of  infection) with high-
grade fever.

ELISA Test

Blood samples (2ml) from 90 patients were tested for the viral 
type using indirect ELISA-IgMkit (IBL-Hamburg Corporation) 
to determine positive IAV patients. The second part of  the blood 
sample (3 ml) is used for RNA extraction. A control blood sample 
was taken one month after infection from patients showing posi-
tive IAV infection to insure a complete recovery and was tested 
the same way.

Extraction of  mRNA from Patient's Leukocyte

The RNA is extracted within 24h of  blood collection as follows: 
RNA-extraction phase, treat the leukocytes (isolated from the 
blood Buffy coat) with Trizol reagent (Phenol-guanidin-isothi-
ocyanate); Separation phase, using chloroform; RNA precipita-
tion phase, using Isopropanol Alcohol; washing phase, using 70% 
ethanol, and dissolving phase; using Rnase-Dnase free water (In 
vitro gen) [14].

RNA Quantitation

Spectrophotometer (Bio-Rad) analysis is carried out to determine 
the concentration (µg/ml) of  RNA by measuring the optical den-
sity (O.D) at λ260 and according to the following equation: RNA 
concentration = 40 (O.D factor) x 25 (dilution factor) x O.D at 
λ260 [13]. RNA quality is tested using two methods, spectropho-
tometer (Bio-Rad) andgel-electrophoresis. In spectrophotometer 
the O.D260/280 ratio is checked. RNA is considered pure if  the O.D 
ratio is between 1.8 and 2.0. 

RNA Efficiency Test

Before performing the RT PCR-Array, the RNA samples are test-
ed for the efficiency of  the reverse transcription to produce the 
cDNA on the RNA samples (Figure 1) using 1.0μg of  random 
primer, PCR components and master mixture (Promega USA) 
[15].

Real time- PCR Array 
 
Real time-PCR array were performed to specifically quantitate 
human cytokine and chemokine mRNA levels in presence or ab-
sence of  IAV infection to monitor the mRNA expression levels 
of  84 different cytokines and chemokines in patient`s leukocytes 
concentrate. Isolated cDNA were synthesized using SABiosci-
ence kit. Each cDNA sample was added to RT-qPCR master Mix 
containing SYBR Green and reference dye (SABioscience). 25µL 
of  cDNA-Master Mix mixture was added to each well across the 
PCR-arrays (two RT-PCR-array plates for each patient; one dur-
ing IAV infection and the second for control, after recovery) each 
PCR-array profiles the expression of  84 pathway-specific gene-
plus 12 internal controls (SABioscince). Thermocycling condi-
tions were 95°C for 10 min and 40 cycles of  (95°C for 15 sec, 
60°C for 1 min) using Bio-Rad-iCycler real-time PCR detection 
systems.

Real-Time PCR Detection
 
The threshold cycle values (Ct values) are calculated for each well 
using iQ cycler Bio-Rad software. The data is exported to a blank 
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Excel Spread-sheet for use with SABioscience Data Analysis 
Template Excel File. Melting curve program (cycle 1, 1 repeat, 
95C for 1 min. cycle 2, 1 repeat, 55C for 1 min. cycle 3, 80 repeat, 
55C for 10 sec.) is run immediately after the cycling program, and 
generates a first derivative dissociation curve for each well in the 
entire plate. The fold-change is calculated for each gene in control 
and experimental groups as 2(-ΔΔCt). If  the fold-change is greater 
than 1, then the result may be reported as a fold up-regulation. 
If  the fold-change is less than 1, then the negative inverse of  the 
result may be reported as a fold down-regulation.

Statistical Analysis

Since each gene has 16 Ct-values (8 Ct-values with experimen-
tal sample and 8 Ct-values with control sample) the difference 
between the two Ct-values for each gene is analyzed using the 
Non-parametric Wilcoxon signed ranks-test to calculate the Z-
value and P-value for each gene [16].

Results

Through the period from May 17 to July 8/ 2009, 90 patients 
were hospitalized at Ibn AL Haytham Hospital in Amman/Jor-
dan for respiratory tract infection symptoms. All the 90 patients 
were subjected to ELISA-IgM test. Only 8 patients gave positive 
results for IAV.

The Over Expression af  Inflammatory Genes

Influenza A virus infection causes up and down regulation in the 

expression of  a large number of  inflammatory genes (Table 2) 
but only 21 out of  the 84 tested cytokines and chemokines genes 
showed an increase in the mRNA expression level over level of  
expression on the control cells after recovery. These were classi-
fied into four groups based on their frequency (Frq) in the eight 
different IAV positive patients (genes may be upregulated in more 
than one or in all 8 samples). As shown in the table 3 the first 
group includes 14 upregulated genes in all IAV positive patients 
with 100% frequency which indicates their involvement during 
cellular response against IAV infection and their ability to stimu-
late directly or indirectly the immune-inflammatory response.

Eight of  the 14 genes (IL8, IL 10, IL13, C5, CCL7, CCL5/ 
RANTES,CXCL1 and CCL18) are known for their significance 
in the exacerbation of  asthma due to IAV infection [9, 19, 23, 
25, 27, 32, 39, 46]. Six of  them (IL8, IL10, IL13, CCL7, CCL5/
RANTES, CXCL1) in addition to another four genes of  the same 
group (IL1B, CCL2, TNF, and CX3CR1) were found to play a 
key role in the cytokine-cytokine receptor interaction pathway 
[17]. Cytokines IL8 and IL13 were the most highly activated pro-
inflammatory genes products induced in all eight patients with 
100% frequency. The virus induced maxima of  121.35 and 72.36 
fold increases in the expression of  IL8 and IL13 transcription 
respectively. On the other hand two chemokine genes (CCL4 and 
CCL18) showed 87.5% frequency among seven of  IAV infected 
patients and increased expression of  57.15 and 27.95 fold respec-
tively over levels of  expression on the control cells. A third group 
with 75% frequency in six of  the IAV infected patients (CCL1, 
IL1A, and IL1F10) increased mRNA transcriptional level 27.02, 
16.86 and 10.03 folds respectively. The last group showed only 

Figure 1. Gel Electrophoresis Test for the Efficiency of  RNA Samples to Produce the cDNA.

Table 1. Up and Down Regulated Genes In All Samples.

Samples
Number of  genes

Total
Upregulated Downregulated

1 26 23 49
2 62 15 77
3 49 29 78
4 70 11 81
5 16 66 82
6 27 48 75
7 83 0.0 83
8 38 24 62
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Table 2. The Up Regulated genes (> 1 fold) in Samples Infected with IAV.

Group 1 Unigene Gene name Mean of  fold 
Change

Wilcoxon 
Z-value with 

P-value
Frequency %

1 Hs.624 Interleukin 8 (IL8) 121.35 -3.061 (P ≤ 0.002) 100%

2 Hs.845 Interleukin 13
(IL13) 72.36 -3.061 (P ≤ 0.002)

3 Hs.514821 Chemokine (C-C motif) ligand 5 (CCL5) 34.58 -3.059 (P ≤ 0.002)

4 Hs.494997 Complement component 5
(C5) 24.60 -2.197 (P ≤ 0.028)

5 Hs.789
Chemokine (C-X-C motif) ligand 1 (mela-
noma growth stimulating activity, alpha)

(CXCL1)
23.71 -3.061 (P ≤ 0.002)

6 Hs.126256 Interleukin 1, beta 
(IL1B) 18.85 -3.061 (P ≤ 0.002)

7 Hs.632586 Chemokine (C-X-C motif) ligand 10
(CXCL10) 14.13 -3.061 (P ≤ 0.002)

8 Hs.303649 Chemokine (C-C motif) ligand 2
(CCL2) 12.85 -3.061 (P ≤ 0.002)

9 Hs.78913 Chemokine (C-X3-C moti) receptor1
(CX3CR1) 12.81 -2.119 (P ≤ 0.006)

10 Hs.193717 Interleukin 10 (IL10) 11.81 -2.433 (P ≤ 0.002)

11 Hs.241570 Tumor necrosis factor (TNF superfamily, 
member 2) (TNF) 10.78 -3.061 (P ≤ 0.002)

12 Hs.251526 Chemokine (C-C motif) ligand 7
(CCL7) 4.5 -2.824 (P ≤ 0.007)

13 Hs.655285 ATP-binding cassette, sub-family F 
(GCN20), member 1(ABCF1) 1.45 -2.668 (P ≤ 0.008)

14 Hs.478588 B-cell CLL/lymphoma 6
(BCL6) 1.01 -2.276 (P ≤ 0.023)

Group2
Hs.75703 Chemokine (C-C motif) ligand 4 57.15 (P ≤ 0.004)

87.51

2 Hs.143961 Chemokine (C-C motif) ligand 18 (pulmo-
nary and activation-regulated) 27.95 (P ≤ 0.012)

Group3
Hs.72918 Chemokine (C-C motif) ligand 1 27.02 (P ≤ 0.004)

75
1
2 Hs.1722 Interleukin 1, alpha 16.86 (P ≤ 0.004)
3 Hs.306974 Interleukin 1 family, member 10 (theta) 10.03 (P ≤ 0.006)

Group4
Hs.211575 Interferon, alpha 25.95 (P ≤ 0.003)

501
2 Hs.960 Interleukin 9 1.58 (P ≤ 0.034)

Table 3. The Down Regulated genes in All Samples Infected with IAV.

Group1 Gene number Gene name Mean of  fold change 
& P value

Wilcoxon Z-value with 
P-valu Frequency %

1 Hs.517106 CCAAT/enhancer binding protein 
(C/EBP), beta -1.37 -1.569, 

(P≤ 0.117) 87.5

Group2
Hs.301921 Chemokine (C-C motif) receptor 1 -250.14 -2.826, 

(P≤ 0.005)
751

2 Hs.701982 Interleukin 1 receptor, type I -1.52 -2.825, 
(P≤ 0.005)

Group3
Hs.407995

Macrophage migration inhibitory 
factor (glycosylation-inhibiting 

factor)
-1.52 -2.120, (P≤ 0.034)

62.5
1

2 Hs.632592 Chemokine (C-X-C motif) ligand 
11 -4.93 -2.983, (P≤0.003)

3 Hs.406228 Interleukin 9 receptor -1.5 -2.472, (P≤ 0.013)
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50% frequency in half  of  the IAV infected patients with moderate 
to low increase in IFNA2 and IL9 mRNA expression 
(5.95 and 1.58 folds respectively).

The Down Regulation Of  Inflammatory Genes

Although only 21 inflammatory genes out of  the 84 tested genes 
showed increase in their mRNA expression, six genes (CEBPB, 
CCR1, IL1R1, MIF, CXCL11, and IL9R) showed a lower expres-
sion than the control cells. The level of  CEBPB mRNA expres-
sion was downregulated 1.37 folds in the eight IAV infected pa-
tients but with 87.5% frequency, whereas the chemokine receptor 
CCR1 was the most highly downregulated gene induced by IAV. 
The virus induced a 250 fold decrease in the expression of  CCR1 
transcript but with 75% frequency among the eight patients com-
pared to its expression on control cells after IAV recovery. Cy-
tokine IL1R1 gene expression was lower than the control with 
only 1.52 folds and with 75% frequency in the eight patients. The 
expression of  CXCL1, MIF and IL9R genes showed a low de-
crease in their mRNA expression. The influenza A virus induced 
downregulation in these genes (4.93, 1.52 and 1.5 folds respec-
tively) with a 62.5% frequency in the eight patients.

Clustering of  gene Expression Profile after IAV Infection

The extent of  similarities and differences between the expression 
profiles of  the 8 IAV patients were investigated using software 
‘Cluster’ and displayed as heat maps using ‘Tree View’ as described 
previously [18]. This analysis has the advantage of  demonstrating 
all possible relationships between the examined genes at once. 
Clearly, the most important component of  the heat map is the 
last part, which shows a clear up regulation mostly in all cases. In 
the other heat map parts the changes were relatively insignificant 
and played a minor role in revealed dendrogram that segregate the 

8 samples into two groups, one including the patients 1, 2, 5, 6, 
7, and 8, and the other including the patients 3 and 4 (Figure 2).

Discussion

The upregulation of  most inducible genes in this study demon-
strated early cellular response (24-48 h), suggesting that the ex-
pression of  these genes may initiate the cascades of  an antiviral 
response. Most of  upregulated genes cause asthma complication 
with IAV infection and play a key role in the cytokine-cytokine re-
ceptor interaction pathway [17]. The first upregulated gene group 
with 100% Frq includes 14 genes (Table 2, Figure 2). IL8 cytokine 
is a powerful leukocyte chemotactic factor that activates IL8 re-
ceptor A and IL8 receptor B. The activation of  IL8 was found to 
lead to bronchiolitis and ends with asthma [17]. Another study 
showed that IL8 stimulates the innate immune system response 
and may cause asthma with combination to interleukins 10 [19]. In 
all of  the eight IAV patients, IL8 cytokine was the most highly ac-
tivated pro-inflammatory gene, which would indicate its involve-
ment in the IAV inflammatory response. IL13 is known to induce 
B-cell differentiation and to down-regulates macrophage activity, 
thereby inhibiting the production of  pro-inflammatory cytokines 
and chemokines. Thus the upregulation of  IL13 transcription 
may be directed by IAV to reduce pro-inflammatory cytokines 
and chemokines. Previous studies showed that IL13 expression 
was found in the airways of  patients with both allergic and non 
allergic asthma [20, 21]. Another study demonstrated that IL13 
induces the pathophysiological features of  asthma and is critical 
to allergen-induced asthma [22]. In this study IL13 cytokine was 
the second most highly pro-inflammatory gene product induced 
in all eight patients with 100% Frq. Therefore such significant up-
regulation of  IL13 mRNA transcription after IAV infection might 
induce asthmatic symptoms. The β-chemokine CCL5/RANTES 
(regulated upon activation, normal T cell expressed and secreted) 

Figure 2. Clusters of  84 Immunological genes Expresssion in 8 Samples of  the Human Leukocyte after IAV Infection. Each 
Panel Represents One Sample with up Regulated genes (Red Color) and Down Regulated genes (green color).
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is a potent chemoattractant cytokine that recruits monocytes, 
memory T-cells and eosinophiles, acting as a ligand via receptors 
CCR1, CCR3, and CCR5 [23]. It is also able to inhibit the in vivo 
infection of  lymphocytes [24]. CCL5 / RANTES mRNA expres-
sion was highly upregulated upon infection with IAV in this study 
which might be one of  the factors causing asthma complication-
due to its accumulation in respiratory secretion after 24 h of  IAV 
infectionas it has been illusterated previously [23, 25].

Complement-5 (C5) is a protein involved in the complement sys-
tem that will be activated due to the presence of  bacteria or vi-
ruses leading to cell lyses. Upon activation C5 is cleaved to C5a 
and C5b where C5a anaphylotoxin plays an important role in 
chemotaxis. This activation stimulates inflammatory responses 
especially in lung infections leading to smooth muscle contraction 
in the bronchial air ways, increases vascular permeability and caus-
es histamine release from mast cells and basophiles [26]. Thus it 
causes high sensitivity which may lead to asthma [27]. C5 mRNA 
expression was highly upregulated in the eight IAV infected pa-
tients; this would indicate its involvement in the IAV inflamma-
tory response. The function of  the melanoma growth stimulatory 
activity/growth-regulated protein (CXCL1) gene is to regulate the 
cell trafficking of  various types of  leukocytes through interactions 
with a subset of  7-transmembrane G protein-coupled receptors. 
It also plays fundamental roles in the development, homeostasis, 
and function of  the immune system [17]. In this study the CXCL1 
mRNA expression is highly upregulated after 48 hrs of  IAV infec-
tion which leads to the stimulation of  other inflammatory genes-
by signal transduction activation. Previous studies reported that 
CXCL1 acts through G-protein to activate IL-6 gene expression 
since the viral infection-induced upregulation of  IL-6 and IL-8 
gene expression was positively correlated to the onset of  acute 
inflammatory pain and may lead to asthma complication [28, 29]. 
In another study the CXCL1, showed high levels of  expression 
(30.5-fold) during inflammation and progression of  melanocytes 
into malignant melanoma [30]. The results of  these studies are 
consistent with the findings of  this study especially in the highly 
upregulation of  CXCL1 after IAV infection and the presence of  
asthma complication signs and symptoms in these patients. IL1B 
cytokine is an important mediator of  the inflammatory response, 
and is involved in a variety of  cellular activities, including cell pro-
liferation, differentiation, and apoptosis. It activates IL-1R type 2 
which in turn stimulates IL-2 release, B-cell maturation and pro-
liferation, and fibroblast growth factor activity [31]. The high sig-
nificant mRNA expression of  IL1B gene in this study suggests its 
immune role against the IAV by activation of  many immune re-
sponse activities which may lead to asthma symptoms. In a previ-
ous study, plasma IL1B cytokine level where detected but did not 
change during the course of  study [32] whereas studies on variety 
of  cells in the respiratory mucosa where found to be a source of  
the proinflammatory cytokines. Cultured human monocytes/
macrophages exposed to IAV produced IL1B1 in addition to IL-
6, TNF-α and IFN-α/β [33]. The CXCL10/IP-10 gene plays plei-
otropic immunological effects such as stimulating monocytes, 
natural killer cells and T-cell migration and modulation of  adhe-
sion molecule expression [34]. In this study the IAV infection 
stimulates the transcription of  CXCL10 mRNA at early infection 
with high significance which may regard as proinflammatory gene 
that acts early with viral infection. Others researches showed that 
CXCL10/IP-10 was the most upregulated gene (27-fold) in PB-
MCs infection [35]. Another study illustrated that CXCL10/IP-10 
was secreted to induce the IFN-gamma production in lympho-

cytes during microbial inflammations [36]. The CCL2 has direct 
and indirect effect on immune responses toward viral infections 
through its functions as a chemotactic factor to monocytes and 
basophiles. It activates CCR2 which in turn acts as a receptor for 
the monocyte chemoattractant proteins (MCP-1, MCP2, MCP-3 
and MCP-4) [16]. In the present study CCL2 transcription is up-
regulated significantly under the effect of  IAV infection, this sug-
gests its important immunological role to overcome the early IAV 
infection. These results are in agreement with previous study 
which showed that CCL2 is upregulated in influenza virus-infect-
ed culturesof  human monocytes but with the exception that our 
study is in vivo whereas the previous one was in vitro [9]. CX3CR1 
(chemokine fractalkine) gene has two important functions, one as 
a mediator for both adhesive and migratory of  leukocytes to acti-
vate endothelial cells, where it is primarily expressed and second 
as a co-receptor for viral envelope protein [17]. In our study IAV 
infection stimulates the mRNA expression of  this gene which 
may interact with IAV invasion and mediates different immuno-
logical processes. These findings are consistent with another study 
reported that IAV stimulates CX3CR1 mRNA to facilitate the 
recognition and binding with the IV-A after invading the host cell 
[37]. IL10 cytokine with potent anti-inflammatory effects. It re-
presses the expression of  TNF-α, IL6 and IL1 by activating mac-
rophages. IL10 specific role during acute viral infection is not 
known yet, but a recent study reported that IL10 appears to play 
a detrimental role during host response to acute influenza virus 
infection [38]. Another study showed a significant increase in 
IL10 mRNA expression in virus infected subjects presenting the 
acute asthma and to less extent in the group with stable asthma, 
but not observed in virus infection with out asthma [39]. In this 
study IL10 mRNA expression was significantly increased after 
IAV infection indicating its impact on inflammatory cells, air way 
responsiveness and asthma occurrence. TNF gene encodes a mul-
tifunctional proinflammatory cytokines through binding to its re-
ceptors TNFRA and TNFRB leading to the translocation of  tran-
scription factor NF-kB to the nucleus which turns on the 
transcription of  more than 60 known genes that participate in 
activation of  proinflammatory activities and apoptosis of  infected 
cells [40]. In this study the high transcription of  TNF mRNA is 
significantly induced by IAV infection and its production indicates 
an important cellular response for viral infection in general. It was 
recorded previously that TNF mRNA was significantly increased 
by infection of  influenza virus and Sendai virus [34]. Monocyte 
chemotactic protein 3 (MCP-CCL7) a CC chemokine that is able 
to attract and activate a variety of  leukocytes including mono-
cytes, natural killer cells and T-lymphocytes, by binding at least 
four different chemokines receptors [41]. CCL7 is implicated in 
several lung diseases as well as asthma, characterized by chronic 
inflammation and local tissue eosinophil [42]. MCP-3 (CCL7) 
plays an important role on monocyte/macrophage recruitment 
during respiratory viral infection [43, 44]. In this study, we have 
reported a moderate upregulation in CCL7 mRNA expression af-
ter recovery. This present data indicates that CCL7 may have an 
important role in the exacerbation of  asthma in IAV infected pa-
tients. The ABCF1 (ATP-binding cassette/subfamily1) and BCL6 
(B-cell/lymphoma 6) genes involved in the inflammatory re-
sponses were expressed in leukocytes of  all IAV infected patients, 
but their level did not show high upregulation in upon viral infec-
tion compared to the control cells. CCL4 (MIP-1β) and CCL18 
(DC-CK1/PARC/MAC-1) are one potent chemoattractants pro-
duced by NK-cells, macrophages and T-lymphocytes. They en-
hance the immune cell recruitment during inflammatory and viral 
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responses [45]. CCL18 significantly increased eosinophilic inflam-
mation in asthma [46, 47]. In this study CCL4 and CCL18 mRNA 
transcripts were highly upregulated but not in all IAV infected 
patients, suggesting that CCL4 and/or CCL18 can be involved in 
this viral response but might be delayed to show their expression. 
This delay between the stimulus and the appearance of  CCL18 
has been already found in other studies [47-49]. IL1A and IL-
1F10 are members of  the IL-1 family which seems to participate 
in the pulmonary immune response against pathogens [50]. CCL1 
was found to stimulate monocyte chemotactic activity [51]. CCL1 
was significantly increased in the broncheoalveolar fliud (BALF) 
of  asthmatic patients [52]. IL1A pulmonary concentration was 
also elevated in H1N1 A/Puerto Rico/8/34 infected mice [53]. In 
our study CCL1, IL1A and IL1F10 mRNA expressions were con-
sistent with those studies. They showed a significant upregulation 
in most of  the IAV infected patients. Interferon alpha 2 (IFNA2) 
is the most important gene for viral response which acts as; a 
natural cell-signaling protein produced by the cells of  the immune 
system in response to the presence of  double-stranded RNA, a 
key indicator of  viral infection [54]. In present study the mRNA 
transcription of  IFNA2 increased in half  of  the patients after 48 
hrs of  IAV infection. Similar results were recorded previously that 
IFNA2 is highly upregulated in viral infections and stimulates 
gene expression in NK cells and antigen processing and induces 
hundreds of  IFN stimulated genes (ISGs) which activate the anti-
viral state in the infected cells [55-57]. IL9 gene is involved in in-
flammatory disease and regard as a multifunctional cytokine se-
creted by activated T cells and includes mastcells, B lymphocytes, 
T-cell clones, hematopoietic progenitors [58]. Its mRNA tran-
scription in this study showed a low up regulation in half  of  the 
patients at least at the initial stages (48 hrs) of  IAV infection. Pre-
vious study reported that IL9 show significantly higher plasma 
levels during viral infection [59].

Although six different inflammatory cytokines and chemokines 
showed a relative downregulation in their mRNA level, only CCR1 
showed the most significant downregulation. The other five were 
almost same as control cells with little decrease. CEBPB gene is 
important transcriptional activator in the regulation of  genes in-
volved in immune and inflammatory responses. Specifically acti-
vate IL6 signaling pathway and plays a role in the regulation of  
inflammation in immune system response [16]. Thus, the down 
regulation of  this gene may be induced by the IAV to facilitate vi-
ral replication by inhibiting the specific role of  IL6 signaling path-
way, therefore this gene is also called NF-IL6 gene. In another 
study the mRNA expression of  CEBPB gene was downregulated 
in a combination with the effect of  Ras-protein that activated un-
der immune-inflammatory responses against microbial infection 
[60]. CCL4 (MIP-1β) and CCL5 (RANTES) signaling is mediated 
via CCR1 and CCR5. CCR1 expression and function was insuf-
ficient to induce chemokine response of  human monocytes dur-
ing influenza A infection with active replicating virus [61]. On 
the other hand, airway smooth muscle cells showed a significant 
level of  CCR1 mRNA and protein, both in vitro and in vivo. CCR1 
mRNA transcription level showed a highly significant downregu-
lation in all the infected patients [62]. These results indicate that 
CCR1 expression in leukocytes is not sufficient to induce the im-
mune response to the viral infection.

Interleukin-1α and IL1β are potent proinflammatory cytokines 
where their biological activity is mediated by binding to the IL-
1receptor type1 (IL1R1). Upon binding, IL1R1 recruits an acces-

sory protein needed for its intracellular transduction [63]. IL1α 
expression was shown to be upregulated in most of  the IAV in-
fected patients with a 75% frequency whereas IL1R1 mRNA ex-
pression shows a slight downregulation with the same frequency 
(75%). These results suggest that, the reducing of  IL1R1 may 
be a consequence at least in part of  local production of  IL1 at 
early times during IAV infection. MIF, CXCL11 and IL9 play an 
important role in cellular immunity in response to viral infections. 
On the other hand, MIF, CXCL11 and IL9 mRNA levels showed 
almost same levels as the control cells but with a slight decrease 
in their expression. This might indicate a delay in their response 
as been illustrated in previous studies showing that macaques in-
fected with 1918-IAV showed a delay in CXCL11 expression. Or 
it indicates that they have already activated the other inflamma-
tory cytokines to increase such as the effect of  IL9 in stimulating 
IL8 release. 

Clustering of  Leukocyte gene Expression Profile after IAV 
Infection

The clustering of  leukocyte gene expression profile after IAV in-
fection reveals significant alterations in the expression of  inflam-
matory genes (Figure 2). Most patients showed upregulated genes 
in the lower part of  the cluster. In the other heat map parts the 
changes were relatively insignificant and played a minor role in 
the dendrogram. Patients 5 and 6 showed many downregulated 
genes along their panels. This suggests that IAV causes viral ef-
fect on the genes of  patients 5 and 6 to reduce cellular immunity 
responses. This general similarity in the gene expression profile 
suggests three points; first, the main feature of  viral-leukocyte 
interaction is a cellular response to the viral infection, second, all 
patients are mostly infected with related subtypes of  influenza A 
viruses, third, the patients 1, 2, 6, 7 and 8 are related since they 
originated from one cluster, whereas 3 and 4 are more similar and 
clustered from one origin.

Conclusion

Our results reveal alterations in host inflammatory gene expres-
sion induced by influenza A virus. The over expressed genes with 
100% Frq represent the leukocyte responses to IAV. Eight of  up-
regulated genes are involved in asthma complication in patients 
with IAV. The downregulated genes represent the viral effect on 
leukocyte. All patients are mostly infected with related subtypes 
of  influenza A viruses. These findings may provide new targets 
for further analysis of  influenza A virus role in the viral-leukocyte 
interaction.
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