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/RSUÄÞ'cXY�ELAM-luc�[6,10]Ö Dr.David 

Goeddel ßà 293 ���PA317 ��áâ��8?

:������ÖÍ×ã½5?:��@ABC��

NP69 Öäåæç Dr.Tsao ßà5Bè��;<�M

10%§éê¹��ëìíîïðñ°ò�� DMEM

�Gibco BRL°ò��RPM-1640(Gibco BRL)\óê¹

� K-SFM�invitrogen °ò�ôõ'Dôõ5Ì¦ö

�÷�øU8 EDTAùú Gibcol BRLûü  

1.1.2  ��ýþ}��÷���Uù² NEB ûü5

��U��
�	Uëì
�� (B.M.)°ò5AMV 

Reverse Transcription ýþ
�PCR úQ�RSTU

��ýþ
ëì Promega°ò5G4188 Liperfect2000

�X4ëì invitrogen °ò5����4�z�8G

��ëì Zymed Ltd5���ç8:�ýþù² Sigma

ûü  

1.1.3  ��}�� LMPWT PQ [6,10]8ÆaÎ� [9]D

JAK3 NO/Ñ��PQ5#� Primer5 �����

�5;<����5·I���PQ8 �û�æ§

¢V 15÷[��ùÖ invitrogen°ò^!  

1.2  pLNSX-LMP1 232� −351 �������	 

"XY pLNSX-LMP1WT ²#$5P1 Z P2�P3

Z P4 ²��5;<� 50 μL %,4ú5& PCR '

�eppendorf°ò�D ��94( 5 min594( 1 min5

58( 1 min572( 1 min530 ¾)*�5� 1%+�Ü 
 

� 1  ����� 
Table 1  Primers and their sequence. 

Primers Sequence(5′→3′) Production size/bp 

cDNA of 
LMP1 232� -351 

P1: CTCGGCCTCTGAGCTATTCC 
P2: GCCGCCATGGGCTCCACTCACGAGCAG 
P3: AGTGGAGCCCATGGCGGCGGTGACCCA 
P4: CGAGAAGCGAACTGATTGGT 

P1 and P2: 793 
P3 and P4: 1297 

P1 and P4: 506(Plasmid) 
2450(LMP1WT) 2090(LMP1�232-351) 

 
 

 

critical domain of 
JAK3 promoter 

P5: CGCTCGAGGTGCCCAACTCACACATGCTACAGAT 
(boldface type contains an Xho�enzyme site) 
P6: CCCAAGCTTAGAGGAAAGTCCCACTCGGCTCCTT 
(boldface type contains a Hind�enzyme site) 

324 

 
 

 

β-actin 
P7: ACCGTGGAGAAGAGCTACGA 
P8: GTACTTGCGCTCAGAAGGAG 

309 

 

�������	
��
���
�����P1

� P4����� PCR���94� 5min�94� 1 min�

58� 1 min�72� 1.5 min�30 �� !"#$%

CTAR3	 LMP1
����&'()��*+,-.

/ Hind�� XbaI01� pLNSX234567��/

.���'()���89�:);89<�=(>

?@ DH5α�ABCD+E45)�� PCRF/.G

HIJ3�;45K invitrogen LM��NOPQR

H�S pLNSX-LMP1 232� −351TUV45� 

1.3  pGL-2/JAK3-LUC ���JAK3 ����	
��


�� 

WX&�YZ[\]�^B\]_`J DNA�B

100 ng	 gDNA����� P5� P6����a 50 μL

bc3de PCR fg���94� 5 min�94� 30 s�    

62� 30 s�72� 30 s�30�� !�hR&'(�	


�)��*+,-./ Hindi� Xhoj670�	
�

� pGL-245��/.�67��
��89&=(>

?@ JM109�klABCD�+E45 DNA�� PCR&

/.FRPGH�S" pGL-2/JAK3-LUC4545� 

1.4  �������[10] 

� 200 ngm NF-κBnoPQ	pqrst/uv

_`45� 500 ng pLNSX-LMP1 232� −35145�� pLNSX

� pLNSX-LMP1WT67�w,Fx,0y!z 300 ng 

pβ-gal{=| 293\]�}~{a 3J��Ja 3��

���48 h)��st/�,hR���������

�&��������B 20 μL��67� 100 μLst

hR���o� TD-20/20 sthRf�bio-Rad!g�

�������R���/�fRHβ-gal����!�

�= `r NF-κB	¡0�,�����	¢�F�£

¤��!��}~¥¦��§ 3¨� 

; 200 ng pGL-2/JAK3-LUCF 300 ng pβ-gal6

7�©ª�	 pLNSX-LMP1WT�150 ng�300 ng�450 

ng�600 ng!F pLNSX-LMP1 232� −351�150 ng�300 ng�

450 ng�600 ng!{=| 293\]���=|«��

1100 ng�©¬­6� pLNSX vector®¯�}~{a

9J��Ja 3�����48 h)��st/�,h

R��������° TD-20/20 stghRf��

hR������R���/�fRHβ-gal ���
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�!�� JAK3pqr�(	¡0�,�����	

¢�F�£¤��!��}~±¥¦��§ 3¨� 

1.5  �������	
���� 

²³´µ��[11]�; pLNSX&pLNSX-LMP1WT

F pLNSX-LMP1 232� −3514567=| PA317 \]�

600 μg/mL G418 kl 2¶)�·o¸¹�ºWX�S"

»H<TUV	 PA317UV¼½\]d��Y\]���

4��10000 r/min �� 15 min�¾\]¿
�4��  

30000 r/min�� 90 min�UVÀ5ÁÂ� 1�1003

ÃÄÅ K-SFM WX_��ÁÂ�ÆÇÈC�ÆÇÉ

Ê�TUVËÌÉ�−70�ÍÎE�� 

; NP69\]ÏÐ 6��WX�67� RV-LNSX&

RV-LMP1WTF RV-LMP1 232� −351TUVF 8 mg/L Ñ�Ò

37�ÓÔ�>|!NP69\] 2 �̈3~4 h/¨�ÕÖ 8~12 h/

¨!�400 μg/mL G418kl 2-3¶�·o¸¹�ºWX�

×Ø»HÙÚ	=|\]d� NP69-pLN SX&

NP69-LMP1WTF NP69-LMP1 232� −351!�0�Û\]67�

�ÜÝst&RT-PCRGH� 

1.6  
����� 

²y´µ[10]+E\]Þ
��ßà&áâ�1ã1!

äH&å
&æç)�è LMP1éè S12�ê 1 h�37�!�

å
)� FITC�ê	ëèìíè�î 1 h�37�!�åï

)ðñò
�estóôõö÷ø�ùy� 

1.7  RT-PCR 
�Y\]�� Trizol ����úPû^\]«

RNA��üý6ttþîF����hR RNA 	Ë

þ&'þF4��6½�Îe−70��RT-PCR �y

AMVT= ���������T= ��)B RT

<� 3 μL��Ð P1� P4��F-0y P7� P8��6

7� 1 μL�10 μmol/L!a 30 μL PCRbc3d�° PCR

fg���94� 5 min�94� 1 min�58� 1 min�72�  

1.5 min�40�� �72� 10 min!�� 1%��	��

��hR��<��n
�ó�!� 

1.8  �������� 

B0��O
	\]�+Ø\]�É�� 1000�\

]/�9Ïe 6 ��g���WX 2 ¶�B�WX���

PBSå 2¨�ßàäH 15 min)�0.4%n�ü|���

���9î�¸¹���°óôõöî�ºe 50 �\]

	¸¹��)��L�î�¸¹�Ø�ã̧ ¹�Ø��%!

=�¸¹�/9Ï\]�!×100%��}~¥¦��§ 3¨� 

1.9  ������� 

� K-SFM WX_&0.6%��	��Ëþ!�+�

����B 1.5 mL !e 6��-�4�"� 10 min�

#ý�=|	 NP69 \]�$þ� 5×104 �\]/�!&

K-SFMWX_&0.3%��	��Ëþ!�+%����

&�����ä);%���!e������37��

5% CO2'(-8)WX 2¶)�î�YD��}~a 3

JãNP69-pLNSX&NP69-LMP1WTF NP69-LMP1 232� −-351�

�J 3 �����YD�Ø�î�ãe*�óôõö÷

øYD�+50�\]� 1�YD!	��Fº,�î�

�J��YD�	�¢�î��\]YD�Ø��YD

�Ø  �=YD�/9Ï\]�×100%!��}~±¥¦�

�§ 3¨� 

1.10  � !"# 

� SPSS11.0 -î./¼�� t h~��0�¢

�±�£¤���p<0.05��1-î234� 

2  �� 

2.1  $% pLNSX-LMP1 232� −351&'() 

�}~aî§56	 PCR ���789F:;!�

�<�= LMP1��������>×§ LMP1 232-351

?_@PQ0c cDNA$Ar	$%BC3�IJ Plnsx- 

LMP1 232� −35145D HindiF XbajE/.GH"#§

F}�DRPn
F}PQGN�H�n
�ó�!� 

2.2  $% pGL-2/JAK3-LUC&'() 

}~� B95-8\]_`J DNA����� PCR

���;<�'(&/.IJI pGL-2	stJ/�

K45�Ê pGL-2/JAK3-LUC�IJ45D HindiF

Xho�E/.GH�7L 1!�zRPF}� JAK3 _

`pqrMN�−289/+35!� 
 

 
 

� 1  ���� pGL-2/JAK3-LUC ��  

Fig. 1  The pGL-2/JAK3-LUC plasmid digested by Hind�and 

Xho� . M.marker; 1. pGL-2/JAK3-LUC recombinant plasmid 

digested by the Xho�and Hind�restrictive enzyme. 

2.3  ��� LMP1 232� −351 ����	 

�β-������	
��
�� LMP1 ��
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NF-κB �������	
��
�� LMP1 232� −351

������ NF-κB������� LMP1����

��� 2�� !"#�
�� LMP1 232� −351$%�&

'���()*��+,�-./01�����

NF-κB���� 

 

 
 

� 2  ��� LMP1 232� −351 � NF-κB ��	
��
�� 

Fig. 2  Mutant type LMP1 232� −351 transactivation of NF-κB reporte 
r.Values are means ± standard deviations�SD�. (n=3, �P <0.005, VS 

pLNSX). 
 

2.4  LMP1 � JAK3 ������	
 

�β-������	
��
�� LMP1WT ��

JAK3 ������������
��� LMP1WT 

!"#$ JAK3���%&'(�)*+,-./0

)1LMP1 232� −351�2�#$3456789: 3;�

<= LMP1WT> ?@A JAK3 ������*CTAR3

B LMP1WT�CDE34�FG�)HI� 

2.5  ��
�� NP69 �������� 

JK LMP1WTL LMP1 232� −351� NP69 MN*�

OP��KQ*��"RSTUV*LMP1 232� −351 L

LMP1WT�WXYZE[*\GI]MN^LMN_

`9a: 4;*b!cde�)fgh8
*ijk2

lMNm�YZ@	I� 

 
 

� 3  LMP1 � JAK3 �����	
� 
Fig. 3  Wild type LMP1 effecting the activity of JAK3 pro-
moter. Values are means ± standard deviations. (n=3,�P<0.005, 

VS pLNSX and pLNSX-LMP1 232� −351) . 
 

2.6  
����������� 

n NP69-pLNSX op)�q*NP69-LMP1WTo

r)�q*nst 1000 e��uvwxy NP69- 

LMP1 232� −351MN] 6 tzm*s{| 3 e}~t�

��"=9Y 2;*NP69-LMP1WT{� NP69-pLNSX

L NP69-LMP1 232� −351{���v�� 
 

� 2  NP69-LMP1 232� − 351 
�����	�� 
Table 2  Statistics of NP69-LMP1 232� −351 cell forming colony number  

Cells CFN(average±SD) Cloning efficiency/% 

NP69-pLNSX 74±4 7.4 

NP69-LMP1WT 484±17 48.4� 

NP69-LMP1 232� -351 214±10 21.4 

NP69-LMP1WT VS NP69-pLNSX and NP69-LMP1 232� −351; �

p<0.05 
 

2.7  ��� LMP1 232� −351 � NP69 ���	
��


���� 

NP69-pLNSX�NP69-LMP1WT� NP69-LMP1 232� –351

�����	
��
���/�������� 3��

NP69-pLNSX��NP69-LMP1 232� −351��NP69-LMP 1WT

�������
� �!"�#�$% �&'�

()*�+,-.�P<0.01�/
 

-  
 

� 4  LMP1 232� −351 � NP69 �����	
�� 
Fig. 4  The proteins expression of LMP1�232−351 in NP69 cells detection by immunofluorescence. A: NP69-p1NSX; 

 B: NP69-LMP1WT; C: NP69-LMP 232� −351. 
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� 3  NP69-LMP1 232� −351 ������	
� 
Table 3  The ability of NP69-LMP1 232� −351cell forming colonyx 

Groups CFN(average±SD) Cloning efficiency/% 

NP69-pLNSX 3±1 0.06 

NP69-LMP1WT 256±14 5.12▲ 

NP69-LMP1 232� -351 88±7 1.78 

NP69-LMP1WT VS NP69-pLNSX and NP69-LMP1 232� −351; 
▲p<0.01 

3  �� 

EB�������	-1 cDNA
� 1158 bp�


��� 386�������������	����

���  !"�#$%&[12]'()�LMP1*+,


�-./�01234� CD40 5678, �9:

;<=>?@�ABCDEF�GH�	 [13]'I B

JKL�MN+, LMP1>O56 CD40234�P

JAK3/STATCDQRI CD40�CDEFL2S�3

4'TUV CD40W LMP1KXY���Z[�\]

^_�` CTAR1aCTAR2�G�bcZ[d�LMP1

ecfd�Yghi���jkZ[ PXXPXP 

Box1�Olmn� Box2�>�o Box1 pqr$c

s ,tuvwxyz&, CTAR3
[7]'Hammerschmidt

{[7]I BJKW 293JKL�MN+, LMP1>OT

Uwz&r$ JAK |}�~�� JAK3'P Izumi   

{[8]+, LMP1� CTAR3zo JAK3�s�.��' 

�P�JAK/STAT CDQR
JK�834�S�Q

R'���MN^_�JK�8o�j��1x�?

@�AB JAK/STATCD��o��oJK��a7%

W��js��-����[14]��JK��� D1�cyclin 

D1�W Bcl-XL[15]{'�MN�� Izumi{���[16]�O

LMP1"��# 232-351aa,� �y¡¢ 232−351 �

��£¤¥¦� LMP1�I���§¨L^_¥¦©

LMP1 232� −351oª« LMP1$%¬­�8 NF-κB���

jk(® 2)�o Izumi��x¯���G[16]�°��MN

y¡�¥¦© LMP1 232� −351 ±1���>²³A�´M

N'NF-κBCDTµ�$%o LMP1� CTAR1W CTAR2

�o�¶s�·7¸¹��MNx¯¥¦© LMP1 232� −351

oª« LMP1 �º»c¼$%¬­�8 NF-κB�°�

LMP1 � CTAR3�232-351aa�£¤¥¦½V CTAR1W

CTAR2z&���¾¿]À�ºÁ>OÂ¨ CTAR3tÃ

�oÄFNF-κBCDTµ�$%'P¥¦©LMP1 232� −351

oª«© LMP1 j\Å¤¢V JAK3 ?@8$%���

�® 3��x¯ÆÇ CTAR3>��o�¶ JAK3�	��

��²�´ÈÉ¢ Hammerschmidt{ÆÊ� CTAR3�o

�¶ JAK3 Tµ����Ë!� LMP1 $%��¶QR

ecÌ²�´MN' 

EB ��ÍÎ� LMP1 �	���GÏÐÑÒÓ

JK� Rat1aBalb/ c3T3 Ô�¬%P*Õ+,Öc¬

%���H�	, ×�MNØÇ¢ LMP1 VJK� 

� [17]a7% [18]a�� [19]lJK���� [20]�¾¿l

�7ÙÚ, ÛV LMP1ÜÝÞJK¬%�ßàá�â

ãÃä�'�MN£¤¥¦ LMP1� 232-351  ��

�Z[½�å¥¦ LMP1 232� −351 FæçèÝÞJK

NP69 L�3 éêë�ìíîïWðñò<óôõö

^_�¬%34\ª«© LMP1�÷øù(� 2�3) , 

Â¨ LMP1 V NP69 JK�¬%>�o��¶ JAK3

�	���cs�, LMP1 ¬%34ßàOl EBV

IÔ�úH^�L�34ßàÆû¢cüÈý'þ�, 

�-¬%34V JAK3CDQR$%�����~Ö

134U�ã/²�´�MN�CTAR3 ��¶�CD

��QRå
�	A�´�
3' 
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Construction and function analysis of the Epstein-Barr Virus-encoded latent 
membrane protein-1 of CTAR3 region   

Zhiwei Zhang2*, Qiong Zhang1, Yanhui Yu1, Yongmei Ouyang1, Zhimin He1* 

(1 Cancer Research Institute of Xiangya Medical College, Central South University, Changsha 410078, China) 
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Abstract: [Objective] The role of carboxyl terminal activating region of latent membrane protein1 (LMP1) in Ep-
stein-Barr virus infection and oncogenesis is unclear. In this study, we investigated the activating sites and functionary 
mechanism of LMP1. [Methods] We recombined a deletion mutant type LMP1 (LMP1 232� −351), deleted the amino acid 
residues including 232-351 codons in carboxyl terminal activating region-3 by PCR. Then we compared mutant type 
LMP1 232� −351 with wild type LMP1 (LMP1WT) to alter biological effect in Nasopharyngeal Epithelial Cell line NP69. 
Moreover, we constructed a Janus Kinase 3 (JKA3) promoter luciferase reporter system (pGL-2/JAK3-LUC). We respec-
tively cotransfected the LMP1 232� −351 and LMP1WT with promoter including NF-κB binding sequence or JAK3 promoter 
luciferase reporter into 293 cells (controlled with pLNSX vector), and compared their actions to activating promoters by 
results of luciferase activity assay. [Results] (1) The colony forming number (CFN) of NP69-LMP1 232� −351 cells signifi-
cantly decreased to compare with CFN of NP69-LMP1WT (n=3, p<0.01). (2) LMP1WT was able to up-regulate the tran-
scription activity of JAK3 promoter and the level of up-regulation was correlated with its concentration in Human em-
bryonic kidney 293 cell line; while LMP1 232� −351 was almost defective ability to activate the promoter. [Conclusion] The 
carboxyl terminal activating region-3 may be one of the most important function sites of LMP1, which involved in acti-
vating the JAK3 promoter and regulating the expression of JAK3 protein.  
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