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� ) �� e) �e�

�, G I�)��     � e� -� �����e
� �e) ��	e2O  e�f , ��	2O �  ���e<�

SPSS 16 .5� ��"��  

=���)  

� ee< -����� Uee�.T4 �ee) Cee���O �ee�� ��ee�Cee
  @,�Fisher D

maxP , DAW  ��5eee%4 ceee�4 4 Ceee)265 D1219  ,4  81

  q]ee
 �� Cee! 5ee� |� [�ee
�05/0   8�ee#� 8�ee�) ���ee4

81 -� ���5ee%4 .5ee����   @,� Cee
  ee� -� �����ee
� �ee) �ee�

 5ee���45�5ee�D   �ee) �eeQ*4 �eeQ�O -� $ee�%) �ee+�1  �ee�2  @,�

 |� [�ee
� ee�  81  �ee#�) I�ee*n� .5�5   -� Cee! $��ee�

Cee��"4 81     �� 5ee�5+O 8, ee�) 8�ee�) ���ee4 ����� ��ee�

81 ;ee
 Q<  8�ee�) L��ee! �ee� 8�ee�) L���ee<� ����� ��ee�

5*�< G �� VD   81 -� ���5e%4 �e+�   ��eW*4 ;eQZ �e�D   $��e�)

    Z  e+� Ie�� Ue�2� Ce! 5���5� 8�#� $P�E   $e�W*4 ;eQ

81 Iee�� d,�ee��+ tee.�[+ d�ee#��+-O �� �ee�;ee
� I�5ee) .

  81 Iee�� CeeY G� Cee! $ee*%+   Cee) $G�	ee2O ;ee2�K �� �ee�

 $ee+ 8�ee#� 8�ee�) ���ee4 ���N	ee��O Iee�� ;eeQZ �ee+� 5ee*��

   $e+ Ue+�	/ -� ����e^) C) C�^) ��W*4    �e� $e#���<� 5e��	4

  ��5ee%4 .5ee��) $ee#��!5 81 -� 81  Cee) �5ee� 8�ee�) ��ee�

  ) ;eeQZ ���ee�+ d�	eeP 81 ;ee
 Q< -�  �ee#�) $ee
�-

 v�eee[��� $eeeZ, E ��eee�eee�81 Ieee�� .5�5 U+�eee� �eee�

STK17B DCCL4 DMCM9 DIRF7  ,IL6  Ceeeee! 5eeeee��	)

   �,5eeZ �� �eeQ�O d��eeP	lE3 Cee����   81 .;ee
� �5ee�

MCM9      $ee�W*4 ;eeQZ Cee! �	ee) $��ee� 81 -� $ee3�

      @,� ,� �ee) 8O 8�ee�) ���ee4 �ee+� ��5ee� 8�ee#� $eeP�E

Fisher  ,maxP .5� 5���4  

  ee2�Z �	ee' Cee)  L��ee+-O D$QZ	ee4 creal-time PCR 

    e� 8�e�) ���45    CeZ	Z ��eT' �� �� $)�e[��� 81  ��e�

    S, e�, �ee) �5e� ��	e2OH5N1  .�	ee� 5e���4   8�ee�) ���e4

81 ��eeeeeeeeeeee�STK17B DCCL4 DMCM9  ,IRF7 �� 

 q]eee
05/0  81 8�eee�) ���eee4 ,IL6  q]eee
 ��001/0 

.�	) ��� $*%+     81 Ie�� 8�e�) $&e^�  ���e_+   ��eT' �� �e�

CeeZ	Z   S, ee�, Cee) ��	ee2O ��ee�H5N1   �ee) Cee^��_+ ��

 CeZ	Z ��T'       $e*%+ q]e
 �� e� Ce) ��	e2O  e�f ��e�-

 �,5Z �� �Q�O ����4 �5� C���� .;
�  

>��  

     �����e
� Ue�.T4 � e< � e3�,� -� L�,6� I�� �� 5e�   Ce!

���� Cee/	"+ d�ee/g'� Cee���O �ee�� tee.�[+ ��ee� ��ee�

DNA  $e+ c�! 4 ��  81 �e4 5e*! $��e� ��  Ce!  Ce)  d�	eP 

%+$*��� ���4  8�e�)  8�e#�  $e+ 5e*�� ��  C�e^Z )  5e���. 

 -� �����ee
� �ee),� ��ee0��� �� �	eeZ	+ ���� Cee/	"+ ��ee�

 $+	ee/GEO  ,ArrayExpress � ee<$ee.�.T4  �	eeW*+ Cee)

81 $��ee
�*�  S, ee�, Cee) �5ee� � =ee
�� ��  ee�G�� ��ee�

H5N1 ��eee"�� �eee���� , ��eeeW*4 $eee�%) -� 81��eee� 

$��ee
�*� �5ee� �� �� ;ee<�)��ee� 	ee2O �� �ee)  -� �����ee
�

*34 me� Real-time PCR  $e
� )  �	e���.  �e)  CeZ	4 Cee) 

;��,5eeeT+ ��5eee%4 ��eee��� 34 D$3�1	eee2	�) d�eee%2�]+ 

��� eee��� $eee�5eee*��	4 @ eee0� $%+�eeeZ -� =eee
�� Ceee)

GSE 
dataset    

Host  Case: 
Control 

 Platform Virus 
strain 

Tissue 

GSE53932 Gallus gallus 12:6  GPL3213 Affymetrix 
Array 

H5N1 Lung 

GSE33389 Gallus gallus, Anas 
platyrhynchos 

12:8  GPL3213 Affymetrix 
Array 

H5N1, 

H2N3 
Primary lung cells 
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 �,5Z2 -  �� �����
� ��	+ ��� �� � $2�	4Real-time PCR 8,�G� ��l4� �,� �� �� �  �#�))�5� $K� ' ��(5��  

Table 2. Primer sequences used in real-time PCR (Most of primers were designed on exon-exon junction) 

1House keeping gene 

 

�,5Z 3 -  81 -� ���5%4 U�.T4� < $Z, E �� C) �� � d��P	lE u&4 + �) $*%+���� ��W*4 8O ��  
Table 3. Characteristics of some differentially expressed genes resulted from meta-analysis 

1The differentially expressed gene which can be up regulated in some studies and down regulated in other studies 

 �,5Z4 - � < $Z, E ��� 81 8��) $&^�  ���_+��T' �� U�.T4 C) ��	2O ���H5N1  -� �����
� �) � �*! �, G �) C^��_+ ��
Real-time PCR  

Table 4. Relative amount of meta-genes expression in H5N1 infected spleens compared with control group 
using Real-time PCR  

1 Fold change is the mean of gene expression in three infected spleens as compared to control samples. *P < 0.05 and 
*** P<0.001  

���eee�) �eee���eee"�� D5eee*��� I�� )�eee*) $eee3�  8� eee!

      Iee�� DUee�.T4 � ee< -� �����ee
� �ee) U_�ee^+ d�ee#��+-O

  $e+ ��� e< �� ;P <      $��e
�*� ���e+O d�5eV Ce! 5e���

81 $ee+ 8�ee#� $��ee�) d,�ee�4 Cee! $��ee�  �	ee&Q) �� 5ee*��

 81 -� $ee3� .��ee#[)  � ee< $eeZ, E ��ee�  Cee! Uee�.T4

     C�	e
 Ce) ��	e2O 8�G5e� � �� 8O 8�e�) L���<� H5N1  �e) 

$ee*%+���� N�ee)$� C.�ee
, Cee) Real-time PCR 5ee���4 

 81 D5�IL6  �	e) . $��e+-  Ce!  S, e�, ���,  85e)  8�e)��+ 

$ee+D�	ee� ��ee^�
 $ee*�� $ee4�w �� ��ee%< $ee+5ee���  Cee!

�I�    �e_2� ceZ	+  e+��  �e
I�!	�� �e��   L�e�-   v�eQ�2�

 $e+ 	e�) �Cornelissen et al., 2012    Ie�� �eQ+ Le_� .(

I�!	���ee
  L�ee� D8�ee)��+ =ee
�� ��ee]*4 �� �ee�  ee4 Cee)

C.�ee
, Cornelissen et al. (2012)  �5ee� ���� 8�ee#� 

     �� �� � �E�ee4 $ee2, N�ee) ��ee_2� I�ee__T+ Iee�� .;ee
�

 I�!	���ee
 =ee
�� ��ee�IL6  ,IL1B    , �eek+ DLee� ��

 CeZ	Z ��T'       .5e��	� �5��e#+ ���N	e��O Ce) ��	e2O ��e�

 s��� �� =e
�� I�� C! $4�	P ��  (� e
 �e�    Ie�� .�	e)  e4

�5*�5��ee#�  ee+�  ��ee
 8�ee�) ���ee4 ;ee���I�!	� �� �ee�

        �e� ;�e
�^K  e) 8O  �R�e4 , S, e�, Ce) $G�	e2O ;2�K

      .;e
� ���e�) Ce) �5e� � ;e+,�_+Cagle et al. (2011) 

 ,Pantin-Jackwood (2012)   81 8�eee�) L���eee<� �eee��

IL6 s��� ��eeT' �� ��  Cee) ��	ee2O ��ee�H5N1  @���eeG

      I�!	���e
 d,�e��+ \	]e
 Ce! 5e�� ! 5e�!�4 , ��	�-

L�ee� ��ee�- ee�W� v�eeQ�2� IL6   ee0�� ��ee*! ��Uee+�	/ 

  $*�2�ee) ���5ee+���  ee) ;ee
� Iee3+ $ee
, �, ��ee) 5ee*��+

     �-�ee^!�� , ���Aee0)  eeR� S, ee�, �ee)  ee�G�� 8�G5ee� �

Gene name    Primer Forward Primer Reverse 
RPL13(HK)1 GGAGGAGAAGAACTTCAAGGC CCAAAGAGACGAGCGTTTG 

TBP(HK)1 CTGGATAGTGCCACAGCTA GCACGAAGTGCAATGGTTT 
STK17B TCAAGACTGCAAAGCGGAGA CCTCCAGCGGCATATTCCAA 
CCL4 CAAAGCCTGCCATCATCTTCATC GAAGCCACGCTCTGTGTCAG 
MCM9 ATGCTGCCCGAACTACCATT GCACCTCCCTGCATAGAAGA 
IRF7 TGACGCAGGTGGATTTGG TGCCTCCAATCCTGAAACTG 
IL6 AAGAAGTTCACCGTGTGCGA CAGGCATTTCTCCTCGTCGAA 

Entrez ID    Gene symbol   Confirmation method in meta-analysis Type of regulation P value 
424049 STK17B  Fisher, AW Down regulation 0.04, 0.04 
395468 CCL4   Fisher, maxP Up regulation 0.04, 0.03 

100857742 MCM9  Fisher, maxP DE1 0.04, 0.03 
396330 IRF7  maxP     Up regulation 0.04 
395337 IL6  maxP Up regulation 0.04 

Gene name    Fold change1 
STK17B 0.19* 
CCL4 30.21* 
MCM9 0.02* 
IRF7 414.6* 
IL6    33.79***  
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S, �,       8��e�+ �� (� e
 L���e<� Ce) ���e�- �,5eK �4 ��

  I�!	���ee
 Iee��   $eee�W*4 Lee_� .;eee
� u&4 ee+ �eee�

I�!	���ee
   ee�W� $��ee�IL6  ;ee<�) -� ����ee^) �� ��ee�

  8�G5e� �  e�G��  ;ee
g), &�< , ��e�  ee�W�  $ee*�*Z ��e�

 ���� 8�ee#� ���N	ee��O S, ee�, Cee) $G�	ee2O ;ee2�K �� �ee��

) ;ee
� �5ee�Xing et al., 2008; Reemers et al., 

2009; Liang et al., 2011 .(Ranaware et al. 

(2016) �� �	eeV $ee�W*4 Lee_� Iee�� Cee! 5ee���� 8�ee#� D

  C�	e
 Ce) =
��  r�5�5e� ��e�     e�W� $�1	4�e�H5N1  	e) ��

  C�	e
 Ce) =
�� �� ,     5e*��+ t�%eJ $�1	4�e� ��e�H9N2 

$ee� �5��ee#+ mee� 8�	ee*/ Cee) �� d,�ee�4 Iee�� �eeQ�O .�	ee�

     S, ee�, ;ee�	�/ 8�	ee) 5�5ee� �� �eeQ+ ���ee^) Uee+�/

H5N1   CeZ	Z  e�+ , � + ,      C�	e
 Ie�� �e)  e�G�� ��e�

.5�� � )  

 81 -�  e0�� $3�    �e� Ce! $��e�  C.�e
, Ce)  � e<  , Ue�.T4

 �ee�C.�ee
, Cee) real-time PCR  5ee���4ee� 5IRF7  .�	ee)

Wang et al. (2012)  Cee! 5ee���� 8�ee#�IRF7  �	�!�ee<)

7 81 -� $eee3� (8, eee< �*�� $eee�W*4 ��5eee�5��! ��eee�

 �� ���N	ee��O $G�	ee2O Cee) 8�ee)��+ =ee
�� ��eeW*4 �� �	eeV

CZ	Z L� ;<�)       Ce) 81 Ie�� 8�e�) .;e
� $�e�	G ��e�

 81 �� �RIG-I       ;e
� ��, eJ 8, e< �*�� =e
�� �� e)

)Zeng et al., 2007 8, e< �*�� .(   h	e� ��e�1    8�	e*/ Ce)

     8�ee)��+ $ee
, �, 5eeJ =ee
�� �� $/�ee<� ueeE I�ee2,�

$+ C�E�*�      Ce! ;e
� �5e� ��Q*e#�� , 5�	e�IRF7   Ce!

 -� �	ee�/Uee+�	/  8, ee< �*�� Iee�� $ee�W*4�ee� � D;ee


       ;ee�	�/ Cee) $ee*�� =ee
�� U�5ee%4 �� $4�ee�K Lee_�

 CeZ	Z �� ���N	��O $
, �,   $e+ �e��� �e�  ���e^) .5e*! -� �

     8�ee�) L���ee<� D81	4�ee� �ee) u&4 ee+ $2	ee32	+ ��ee�	02�

IRF7  $ee+ mee� T4 ��    ;ee�2�%< mee� 81 Iee�� , 5ee**!

      $ee
, �, 5eeJ =ee
�� �� �5ee� ;eeW<�T+ �� ee3./

) ���� 8�G5eee� �Kim and Zhou, 2015 81 .(IRF7 

CeeZ	Z ��   8O $��ee^�� �	ee2	4�� -� L�ee� $ee�K Cee! �ee�

     C�	e
 Ce) =e
�� �� D;e
� �5e� $��
�*�  te.�[+ ��e� 

   $e+ 8�e#� ���e�- 8��) h	*4 ���N	��O      e+� Ie�� Ce! 5e��

8�eee#��5eee*��  8��eee�+ I�eee�%4 �� 8O Leee_� ;eee���

     ;ee
� ���ee�) Iee�� Cee) �5ee� � ;ee+,�_+ , ;�ee
�^K

)Kim and Zhou, 2015 .(Westenius et al. 

(2014)   ����N	ee��O S, ee�, ;ee�	�/ �,� $ee_�_T4 $ee'

L��ee! =ee
�� Cee! 5ee��	� �5��ee#+ 8�ee^�� �� 8�G5ee� � 

    ;ee�	�/ �� 8, ee< �*�� ��ee0*�  ee�� , Cee�<��H9N2  �ee)

��ee%< t�%eeJ �-�ee
Uee+�	/  $ee^�	�,�IRF3  ,IRF7  ��

 D8�eee^�� �� .�	eee) y�eee&4��IRF3  ,IRF7 $.eeeP� I� eee4

Uee+�	/ ��eeW*4 $ee^�	�,��5ee**! 8, ee< �*�� 8�ee�) ��ee�

 h	ee�1  ,3 I�!	���ee
 , L*ee!�, ��  ee�G�� ��ee� ��ee�

) 5*�^� $)�Q�2�Osterlund et al., 2007 .(  

81 MgE ee) ��ee�IL6  ,IRF7    ���ee�- d�ee����G Cee!

        Ce) $G�	e2O ;e2�K �� �eQ�O 8�e�) ��eW*4  e��k4  ) $*&+

       Ce
 ;e��� -� $��5e*Y d�e����G 5e���� �	eZ, ���N	��O

 81STK17B DCCL4  ,MCM9  $G�	eeeee2O ;eeeee2�K ��

       �5e�!�4 5��e� Ce! 81 Ce
 Ie�� .;e��5� �	Z, ���N	��O

  @,� -� �����ee
� � ee4 )  ee)� ee<  �ee) Cee^��_+ �� Uee�.T4

Uee�.T4     �� $eeQ+ ��ee�� 3./ 5*ee��) ��� ee��� ��ee�

 $e+ ;��5�  81 .5e**!MCM9  81 -� $e3�    Ce! �	e) $��e�

    ��5e� 8�e#� $eP�E $e�W*4 ;QZD     8O 8�e�) ���e4 �e+�

 @,� ,� �ee)Fisher  ,maxP  Cee3*�� �	eeZ, �ee) .5ee� 5ee���4

 �	"�ee^Z  )�ee*)D�5ee� ��ee"��  Lee_�  ee) $ee*&+ $ee����G

Iee�� $ee�W*4   �	eeZ, �	ee�' ����N	ee��O ;ee�	�/ �� 81

;��5�D      �	e2	4�� �e) u&4 e+ d�e����G �e+�   81 Ie�� ��e�

 ��eee^�
 � eee3./ �� 8O Leee_� Dd��	eeeZ	+  eee0�� ��

  $e+ ��Q*e#�� �� $*��      Ce! ;e
� �5e� ���� 8�e#� .5e��

 81MCM9 $ee+ 5ee! �� -�ee3�.� mee� Cee! Uee/ �ee) , 5ee*!

  ee�x34DNA $ee+ D;ee
� y�ee&4�� �� $eeQ+ Lee_� 5ee��	4

   ) 5ee��� �ee��� �	ee+	4 v	! ee
 ��Hartford et al., 

20118�' eee
 h�	eee�� -� $eee�%) �� I�eee*n� .( �� �eee�

      $ee3���1 $ee�� �ee� $ee3��41 85ee� ��ee%<  ee�f D8�ee^��

MCM9 ) ;
� �5� �5��#+Lee et al., 2015.(  

 81STK17B �5eeee**! �eeee_2� -�eeee*�! I�a4, eeee� meeee� 

  $e+ 5e! �� z�-	��	�O    e*�� < Ce) Ce! 5e*!   �	.e
 � e+ 5

$ee+ u&4 ee+ .�	ee�Ramirez-Nieto (2008)  8�ee�)  ee��k4

 81STK17B  81 �� ee� Cee) ��   =ee
�� ��  ee�G�� ��ee�

    I�!	e2 �*��  e�W� 8�e)��+ $e4�w $*��   ����	�9e
� , �e�

CeeZ	Z 8� ee! ��	ee2O $ee� �� I�!	ee2 �*�� S, ee�, �ee) �ee�

      Iee�� I�e*n� .5e��	� �5��ee#+ $�	e�/ S�	e) ���e�)

81 -� $ee3� 81 $��ee�    ;ee�	�/ Cee) =ee
�� �� Cee! �	ee)

      Iee�N ,� I�ee) (-	�5�ee^!	! ���ee�) Uee+�/) �ee� ��

CeeZ	Z -� $ee3���1  $ee+  eeW� Cee) Cee! �ee� q]ee
 5�ee
�

  ���ee�) Cee) $4,�ee��+ ;ee+,�_+   d�	eeP Cee) D5ee���� �ee�

 ) 5ee� 8�ee�) ���ee�+Kim et al., 2009 5��	ee� Iee�� .(
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  ;ee�	�/ Cee) =ee
�� �� 81 Iee�� ;ee��� -� $[� ee
 , �ee�

 ��5e+��� �� 8O L_�      ;e+,�_+ �e� � e+  e�W� ���e�) �

$+ C���� �5� �.;
�  �#�) L�,6� 5*+-��� C! 5��� 

CCL4  ���	��eeE -� 81 mee�Chemokin   ��ee� Cee! ;ee
��

 8O  ee0��MIP-1B ;ee
�L�ee� .   �5ee� ���� 8�ee#�  ee4

    r�5�5e� S, e�, Ce) =e
�� �� 81 I�� 8��) ;
�   $�1	4�e�

H5N1  C�	eee
 Ceee) =eee
�� �� Ceee� , s��� ��  t�%eeeJ

$�1	4��    $e+ �5e�� L���e<� DS, �, I��   Ce�	G Ce) D5e*! ��

    -�  ee0�� $ee�%) �� ee� Cee) 81 Iee�� 8�ee�) L���ee<� Cee!

I�!	���ee
 , �ee�Chemokin   -� $��ee#� ;ee
� Iee3+ �ee�

   ) 5e��) �5e� � � e+Kumar et al., 2017   8�e�) ��e_2� .(

    eee0�� �� eee� Ceee) 81 Ieee��Chemokin   5eee*��+ �eee�

CXCL10  ,CCL5   C�	eee
 Cee) =ee
�� �� �eee^�� ��ee� $�

  �ee�� ���N	ee��O�5��ee#+ �5ee� ) ;ee
�Wang et al., 

2009 8�eee�) .(Chemokin    $eee
, �, ;eee�	�/ �� �eee�

   y�ee&4�� ��  ee�+ , � ee+ , ���ee�) d5ee� �ee) ���N	ee��O

 ) ;e
�de Jong et al., 2006; Kobasa et al., 2007; 

Arankalle et al., 2010 , $ee*�� 5�5ee� =ee
�� Iee�� .(

  ��� c�e
O ceZ	+ 8�)��+ $)�Q�2�    $e+ Le� ;e<�) $e-

      r�e���Q� , ��5e�� Ie�� ;e^3� Ce) Ce! �	�    8�e)��+ � e+

  ) 5ee� 5ee��	E $eeQ�*+Kuribayashi et al., 2013; 

Cornelissen et al., 2013; Burggraaf et al., 

2014; Ranaware et al., 2016 �� �ee���) =ee
�� Iee�� .(

�5+      S, e�, �e) �5e� ��	e2O $��	e�K , $��e^�� ���  ��e�

 m�+5ee���H5N1 ee#+) ;ee
� �5ee� �5��de Jong et 

al., 2006; La Gruta et al., 2007; Szretter et al., 
2007; Cameron et al., 2008; Kobasa et al., 
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Abstract 

During the last years, gene expression profiling has revealed specific genes which are involved in the 
regulation of host response to several diseases. Avian Influenza infection is one of the important 
diseases in poultry industry. The aim of the present study was to identify significantly involved genes 
in H5N1 infection using the meta-analysis of two DNA microarray datasets of host response to 
influenza infection. The meta-analysis revealed that STK17B, CCL4, MCM9, IRF7 and IL6 were 
differentially expressed using Fisher, AW and maxP methods. We used real-time PCR to validate the 
differential expression of identified genes. For this aim, the previously H5N1-infected samples were 
used. The real-time PCR results of all five genes confirmed the differential expression between 
infected and non-infected samples and also the type of regulation obtained from meta-analysis 
significantly. The genes IL6, IRF7 and CCL4 were over expressed while STK17B and MCM9 were 
down expressed in infected samples. The results suggested that the meta-analysis is a robust method 
to find differentially expressed genes which may be ignored in individual analysis. These genes may 
play some critical roles in host response. 
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