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EBV Transformation of B Lymphocytes

Liu Xi, Zhao Ye, Xu Chongfeng, Duan Ziyuan*

(Genetic Resource Research Center, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China)

Abstract

Stably expressing CD40L NIH3T3 cell lines were constructed and its application as feeder

cells to culture and establish B lymphoblastoid cell lines (B-LCLs) in vitro were evaluated. pPCMV6-CD40L was
transfected into NIH3T3 cell lines through lipofectamine method, followed NIH3T3 that express CD40L were
screened by G418. Positive clones were confirmed at RNA and protein level, the NIH3T3-CD40L cell lines were

used as feeder cells in culturing B-LCLs and in the process of EBV transformation. The results showed that

NIH3T3-CD40L cell lines increased the survival rate and promote the proliferation of B-LCLs in low density
and reduce the cell concentration required to establish B-LCLs. Therefore, NIH3T3-CD40L cell lines have been

successfully constructed which would lay a foundation for further studies, such as monoclonal antibody production.
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%o FIHIB-LCLsAE 7= By FE Pk 5 1% 4e (1) A <2 8
FR W AP E R AR S, BRI S T
6 75 BEAT R 5 G 92 BRI R N REBA i A= = s i
FIIPUR, ATTE— 52 T2 BE b s B fh 2 7 25 1 A 5 1
FZ RS,

H AT, B4 IR 2 EBVEL B E 40 i
Jiik e o, mON I 5V A8 FH % R B 0
M B I H oy B A JE L R A% 4 (peripheral
blood mononuclear cells, PBMCs)Z jG #{TEBV#%
ke, BRAHE 7¢ A BT 4 FH i Ficoll 2 851 . 1E £ 4 i
FFicoll4y B L ATEBVAK AL FE i, TAT R
PSR %, T 78 57 B-LCLs ) < 8 K] 2% 2 41 i A5 2
EH, TR, B NAMEZ S 7t
T, G R R S B A R I — AR )
M5, Kk, BATZREEBV KL T 72 4 i@
Tk g FH ) % 240 B B AN 0 3 A mT DA 3k B AT PR A
FIHE FE 1) KT~ anCD4OL, A AL Bk B RELH i R 1) 2
S

T 7 40 i 22 8 FH T A A 20 M D 4 S R R R,
I 4T i 20 B AR E AR AR A8 5% SRR 40
M A, 4 RR 22 AR B B E BT AE U0, G 3R
R T AL T A K PR R . A A YiE
(G BT A . NTH3 T340 i T S R 122 b B0 14, mI LA
TOBREHE . T HAESRI WA A e & 5 T
R IR A, W AR N SR A0 R A T LA 41 A A AR A
By 7%, WIBAH ARG 40 i .

CD40/CD40FL 14(CD40/CD40L) % 4t % 4 £F Ml
A AR e 2 T A6 R BAH PR 1) 1 A i B LR B
fE FHMY, CD40/CD40L £ 45 7E B4 i A= K A1 43 4k 1)
V2R A B E 2 XEENER: Rilt4 &+
O RR, b8 3R AR [ R b 20 0 e N Rk g P R AR, &K
73 i 2% 41 M AN E I B i . i 4h, CD40/
CDAOLAH HAF FH ik {2 JE BN J 34 48, VS AR SR
ik UL B 1k AR R A OB P T2 BRI, CD40LEL
FRIECDAOL I o] F7 4 ff |32 % F T BAH f it 72 1
Jourdan % I7E 4 4b % 75 10 IZBAH A A 4% in 40 i
¥+ sCD40LELCpGZE LLIIEBAN . Ivanova5E! i
JFH 221X CD40L {13 T3 1293 4 g Sk 35 B4 o 4 HAF Ny
T FTH M G N E APC

YT H A ECA kAL FINTH3T3-CD40L4H fE,
IR HE AT 75 X B A2 FRUNTHI T340 A i3k 47 i . A BT
5t G AR M B RS TE R A CDAOLINTHA T3 41 i &, 13

M TARSNEBV AL Btk LRl R o, LR AL Bt
ELBR 240 i 2R P 3 ST 2% AR S B L PR 0. 5 [ A S A3
SKIRTIASHE

1 MRERE
1.1 SE¥adisy

NIH3T34H i e o R 2= B ist A% 5 & AR 2
Fe T VFIE 2 0T 28 . BOS.8YH Al 58 A SLIG AR AF
pCMV6-CD40L(Cat No.RC210004)1 4 b 5t Hsi 4< V5
A=W BB A B A . Lipofectamine 2000(Cat 11668-
019)14 H Invitrogen’/A #] . G418 sulfate(AMRESCO:
9016-1)I H Jb 3 IR ZRHEWH AR AR A F] . Ficoll-
Paque Plus(71-7167-00)"J HGE Healthcare /s A .
RNAiso Plus(Code: 9108/9109). Reverse Transcriptase
M-mLV(Code: D2639A)Il FH TaKaRaA 7. 1 il 5 &
A(No.12088)J [ Cayman Chemical A 7. PHA-MAEY)
11 %% 25 (L8902) I F Sigma’s 7). #2475 R C(AM395)
T AL B SR A IR TR A
1.2 KWH*E
1.2.1 NIH3T3-CD40Lmfies % ¢94032  NIH3T34H
Mz T-24 L4 B 5 7R, 1x10°4N/4L, BEFL100 pL.
S AIMNGA1 8K E N 0. 400, 500, 600, 700.
800, 900. 1 000 ug/mL, FEANKEEINME L. B
37 °C. 5% COMIEFRFAHFEETEI0R . 3R G Hil,
HNEGAISIR . & HWLER, LA 10~14K N EU4H i
AERIET I RARGA L8R BE R HEAT T — 2B (M IR S0

Z: WO 70 & 48 R, e BT A v e UNTH3 T34
ffl. Lipofectamine 2000%% 4*pCMV6-CD40L 5 i [1]
NIH3T340 i 7F 1% 7724 hji5 ¥ G418 5 38 K FE 1 5%
A 3RIE I, BT e RE, R A IR R R
PN AE M B T 6L e FE AR IR . PRk AR
T FLMEARIC . A4k F24500R. 63U, 10 cm% 3%
My~ K8 77, 3145 A CDAOLFINTH3 T34 g 70 B .
AR B e 55 2 5 R AGONTH3 T340 M A Ay B 4 5t 1, A4
A 7 115 9%
1.2.2 NIH3T3-CD40L%mfi & #9% % FEHUmE 5
f{INIH3T3. NIH3T3-CD40L4H il ZRNA, 2 [ 15 B 2
% 5% HJcDNA. PCR%E H7 i 40 i 5 7% CD40L 4>
K, B _E3#5514: 5-CCG TCG ACA TGA TCG AAA
CAT A-3'; R 5| #: 5'-CCC GCG GCC GCT CAG
AGT TTG AGT AA-3HI2E TAY) TR (L) ik 0
AIRAF A K] T HFEF M 95 °CTRAZES min;
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94 °CAE1%30 s, 55 °CiE-K 10 s, 72 °CLEFH30 s, 30/ME
¥£;72.0 °CJ %10 mino  BHHES 3G =94 A1786 bp.
Western blot% 7€ CD40L A 32 15 15 . W 4E 4
P, 0N 40 24, UK b B 20 min. 0 ANS%Z%
& 10 min. 3H47SDS-PAGE, R )& # £ PVDF
. & 11 he B0 ANanti-myc mouse(— Pt, #i B &
JH1:1 000) % i 0% B2 his ¥E 3k, i H goat-anti-
mouse( T, FiFEE N1:10 000) = iR B2 h, B3
W & = RS -
123 EBV&##1&  YURIEHISEBV. EJ5B95-8
4 f, 55 77 766 mL& 10% 06 4 I8 1164035 77 5k
o BRI IR ELE 100 mL. BEATYLK, B
SEQRANINEL TR AR JE IR A ML T 15 mLES O A i,
12 mL/% . B T80 *CUKFE A7 1 h, 37 *CHRE Gk .
ST VR B3R, 605 B 0T R RN 4l i Ak . IR,
1 200 r/minZ5 010 min. #4 _FiEWRAH0.2 wmiE
I8, 3 E T80 °CLRAT -
1.2.4  Ficollyy & ik 1 S B © & 40 it & £
Ficoll, X4 mLID A\ B B0 . R B 5 Y I FE
(1640FE At 1% 77 3 4= 11 =1 1) PS5 BE /N U JIAE bk E2 41
o5 E, =R B0, 2 000 t/mini 0220 min.
FAWRE /N oW B B R B A 2, I B 7 mL
16405 Al 55 TR AL I B0 e 1 200 r/minS 025 min;
BRI BB OUTEIE2 mLEE L 753 (1640557t
54 9% 3£420% FBS+10 pg/mL PHA)F &, 7ERA
FE i B2 R IN20 pg/mLIAfEEE R A 0.4 mL,
EBJi#1.3 mL; WAT35] . K 4 B i 76 21124 4L
REFRM, 1 mL/AL, B 137 °C. 5% CO, M8 7846 i
Fro AMMEARAKCHERZ, AR AT WA 2 I 41 i
£ETE, LRI ARG 24 LB N R 40 B4 7% B T25 K5 75
3~4 ] J5 ] F T B A% 2 SR IR B R AR A L
125 BFREmegtIE  BEK R IFINIHATI.
NIH3T3-CD4OLFAFRA AR 210 emBFFRILH. 12 h
(T3 ) J o 40 i 5 4 U B LY A5 B IR £1190% LA |,
TN 22 243 RCALF(10 ug/mL), 37 °CHE: I &
2.5~4 ho FH1640%: Ml 15 77 2k 5 PBSE3~5k . Il
ADMEMZE 4= 85 75 %, 37 °C#$ &30 min. JHFRE A
R 10 2296 FLAR, AT 537 55 91640,

2 HR
2.1 EIIAERIZCDIOLAINIHITIZHE Z
FHG418% & £ £400. 500. 600. 700. 800.

900+ 1000 pg/mLEFFENIHI T3 . M EL40 a2k K
ARZS, 4RI}, 1000 pg/mLAHM 20K 45850 TS; 8
K, ¥ N800 pg/mL ) FLH L4 JE i 41 i, 600
700 pg/mLA D> BN MO A7 75 . Rk, 6 G418 )
W 800 pg/mL A fifi 1% CDAOLFH 11 7. [ 1) £t id S48
R

HLipofectamine 2000%% J*NIH3T34H 24 h/5,
BB GAIRBUL M E S 77 2. MAG418 5K )5,
XT R A A M L4 B8 25 KR 4y, LRI X A 4T
TE 2, NIH3T3-CD40LA 40 fu A7, HA LKAk
BN A e BERE . K PR OB A MO 1 B R AL, i
FEABE 220.5~11/mL, 5541100 pLInA96FLAR, Ff
PiHE. 3R G, Phdkgr BN B FLAbR . AH R T
24U 6 FLER. 10 emBFFRILY KI5 7%, SRS
pPCMV6-CDA0OL F{INTH3 T3 41 il 7 4 3k
2.2 NIH3T3-CD40LZAPE RN EE
22.1 RNAKF#9%Z  FZEINIH3T3. NIH3T3-
CD40LAH FIRNA, Z: {7 S48/~ 45/ S HeDNA,
HEATPCR%E . FLUK AT W44 1786 bp /i A7 K/ T
B S 2 (ETA), S5 CDAOLY 19 HY B B 461 K
ANF ATHEWT B AR AENTH3 T3 4H i o sl 2 %
o
222 EQRAKFHEE  WEEBGER N33 kDa
Ab B PR S 2% (B1B), 5 CDA0LH i 4% 1 A/
— S, ATHEWT H BT AN B AR N CDAOLBH PE T %
2.3 NIH3T3-CD40L{AFHEEZH TEIBHE
=R
2.3.1 NIH3T3-CD40L47 7~ @ it sf B-LCLs 4@ it & K
FegHeh HHEB-LCLsY I, A PR BRSPS 1
MR, HX100 nLAH M B FR BRI FE 292 000423.9
AN/mL(RI200%20.394N/FL) I 22 O 78 75 17 7% 40 i 1)
96 LR H, AR HE . MIR LR, B
0K SR . ERWRIFIR. TIAFRM %M
N, B-LCLsTESOAN /LI, gifE KR OL K. 1
NIH3T3 % 5% 40 i ~, B-LCLsfik £3.254/4L i, 7>
BFL A 4 B AT LAAF 35 . fENTH3T3-CD40LTH 7 41
W14 14 F, B-LCLsMK £ 1.56/FLI, 40 7% 5L 5
33.33%, RN FNIH3TIGFR40 . B iR 5R
1KCDA40L, 15 77 240 M i SEAA F) T4k 412> B B-LCLs )
1275, (H/ECDAOLH 3 T, B-LCLs 7735 R B i 12

o
=

5] o

SE20 RIS, XoF A [F) A 5% 40 it 2 AE R B EE S04 /4L
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(A) (B)

40 kDa

750 bp 35kDa

Blank 1 2

A: RNAZKT-% 72 CD40L(786 bp); 7KiE 1. 2. 3: 0 HIFENIH3T3. NIH3T3-CD40L 5% [ 1 fINIH3T3-CD40L ¢ [%2; M: BM2000 marker. B: 2[4 Jii

7KF- % € CD40L(33 kDa). M: marker; Blank. 1.

2: 43 HIENIH3T3 . NIH3T3-CD40L 7% [ 1 FINIH3T3-CD40L 78 42 .

A detection of CD40L at mRNA level (786 bp). Lane 1,2,3: NIH3T3, NIH3T3-CD40L clone 1 and NIH3T3-CDA40L clone 2 respectively; M: BM2000 marker.
B: detection of CD40L at protein level (33 kDa). M: marker; Blank, 1, 2: NIH3T3, NIH3T3-CD40L clone 1 and NIH3T3-CD40L clone 2 respectively.
Bl RNAFMZEAFRKESINIHIT3-CDIOLAR R I TEE
Fig.1 Identification of NIH3T3-CD40L at RNA and protein level

#1 5NIH3T3. NIH3T3-CD40Lt1E55ATB-LCLsHI 7255 3R
Table 1 The survival rate of B-LCLs when cocultured with NIH3T3, NIH3T3-CD40L

{735 (%)
S EUTL Survival rate (%)
Cells/well 200 100 50 25 125 625 3125 1.56 078 039
Blank-B-LCLs 100 8333  66.67 3333 0 0 0 0 0 0
NIH3T3-B-LCLs 100 100 100 66.67 8333 1667 1667 0 0 0
NIH3T3-CD40L 100 100 100 100 8333 50 50 3333 0 0
-B-LCLs

H HIB-LCLs#EAT 1H 2. 40 2] 7%, Blank-BLCLs.
NIH3T3-BLCLsAINIH3T3-CD40L-BLCLs % 41 it ik
FE4r AN 5.41x10% 8.73x10°H111.60x10°4/mL. #]
W, R 3% 40 e A A T B-LCLs ) 4 55, CD40L]# ~

P=0.028

1.6

124

0.8

0.4

The concentration of living cells (x10° cells/mL)

| es—
Blank

(=}
I

NIH3T3
Feeder cells

E2 7E50/FLEEE T AR R T 4rAaFL
B-LCLs#I# H (20X)
Fig.2 The number of B-LCLs in different feeder cells at
gradient 50 cells/well (20 d)

NIH3T3-CD40L

5 2% B T O B (P=0.028). @ i N W% 40 i
ARRES, NE - A H IR M, B-LCLsHE &%
A X, RS2 1A TR A M 26 8 FB-LCLs K &= 3 5H, 2
J 1% B BE B 2 T e A 7R 40 B i FL(EI3) ..
2.3.2 NIH3T3-CD40L4d 7« m oo 4 F 22 B &
2 it 2 K LR #H EDTA Kokt 41110 mL,
Ficoll % & o & 125 40» 43 25 HHPBMCs, 40 A7 A A
Yl i 25 B B EE(0.5%10% 0.1x10°, 0.25%10°. 0.5x10°.
1.0x10°, 0.25%10° 0.5x10°1~/mL) EBV¥ L), Hef#
T 75 1A IR A PR 196 FLAR 1, BN il BB FE3 A
HE . g LR, LKL E0.25%10°N/mLE,
FEPRFRAA ML B VR FH R, AR AT LLORKF100% 1) 2 5
D, ] DL 5 40 A R T EB VL A6 48 i 1) A7 7,
H.%45E 1k CDAOLINTH3 T3 41 i 2 2508 B 1(£2) .
FE 20 R 3 KA FE 0.25% 104N/ mL, A 7] 77 37 48
Jo o A B-LCLs#E T 1%, 45 3L SR, Blank-PBMCs.
NIH3T3-PBMCsAINIH3T3-CD40L-PBMCsif 41 i i
FEAR A 2.85%10%, 1.82x10°H12.34x10° 4 /mL( 4
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Blank

2t Sk BT da AB-LCLsAI4H i [
The red arrowheads refer to the cell clusters of B-LCLs.

NIH3T3

NIH3T3-CD40L

B3 7E50N/FLEBE TR T AR FL - B-LCLsHY AR, 25 (20K)
Fig.3 The cell morphology of B-LCLs in different feeder cells at gradient 50 cells/well (20 d)

2 NIH3T3. NIH3T3-CD40L5PBMC1EFBIERINZE(20 d)
Table 2 The success rate of establishing B-LCLs when NIH3T3, NIH3T3-CD40L and PBMCs coculture (20 d)

I B % B (cells/mL)
Cell density (cells/mL)

BRI (%)

Success rate (%)

0.5x10* 0.1x10° 0.25%10° 0.5x10° 1.0x10° 0.25%10° 0.5x10°
PBMCs-Blank 0 0 0 33.33 100 100 100
PBMCs-NIH3T3 0 0 66.67 100 100 100 100
PBMCs-NIH3T3-CD40L 0 33.33 100 100 100 100 100

2.5

2.0 4

1.5 4

1.0 7

0.5 4

The concentration of living cells (x10° cells/mL)

Blank

NIH3T3
Feeder cells

NIH3T3-CD40L

E4 7£0.25<10°N/mLEEE TAEIAFHMEFL+
B-LCLsHI% H(20X)
Fig.4 The number of B-LCLs in different feeder cells at
gradient 0.25x10° cells/mL (20 d)

4), wI UL, FEFRYMA R T EBVEE LB, NIH3T3-
CD40L & % 1 T % B 4H(P=0.036). ‘24 T W%
M AR KR A, TR B4 se 4 st T (S), AL
L AT REB VAL I A .

3 Wig
) 5 0 30 3ok 0900 2 IR T, o i ol
fik i B L P A S PO A7 SR 0k 3

41 s /A MEF. STOFINIH3T34H it MEF4H fitd )& 4
BAMBIRIE T AR A, (R A
i JE WA R, HAYAE 55 3~5 448 FH e 00 A AR 1,
BRI 7B IR . STOZH M 7E T 40 fu Ak Hhast 4% 15
iR 2, (Bl T AR AR FE A AT
e AR AR S, E FH ABOVE 6 40 Mo ) 5% 2 B, RT3 AR
J 6 40 i — a2 bl ) A% 2 S w07, k4, FEEBV
B AL BIb L A0 1R R v, 28 0 2R Ab 3 (T PBMCs
W AE AR SN BAH H 15 37 1) 1R 3R 40 a1, PBMCsok
V5 — B i, AR & 5, FAE IR P S AR B i)
W, I HANRE S N Rr 7 B R IR R 20 . R,
BAEFHFEONER] A R H AR AT DL RS 77 1)
NIH3T340 A Ay B4H A 1R 72 41

TEBYH BRI 2 FE 3 Pt s FH AR K B 1 4l 77
2 B mT DL 0 4 B AE I 2R, (I a0 4 A S G, 1 R 2H
HiL N CDAOL ) B & i FH 412 30E B4JH fifg 338 B 0 A7 355 1 3%
RHEONI B AR RMIAESR TIX— IR, EFE
4HA 2% F T, B-LCLsHI /7% 2 B Wt iy, S NIH3T3
Y fAH B, £ R IACD4OLFINTH3 T34 i) 5 2 25 42
f5 1 B-LCLs A7 35 2 HAZ i H 5. R IACD40L
(INTH3 T340 il — 77 11 7] 7314 R T BAH A7 v 4 5
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Blank NIH3T3

21t Sk BT 4R N B-LCLs 4 i 41«
The red arrowhead refer to the cell clusters of B-LCLs.

NIH3T3-CD40L

ElS  7£0.25<10°NmLASE T A A 7+ 4 7L+ B-LCLsBI 4R 25 (20K)
Fig.5 The cell morphology of B-LCLs in different feeder cells at gradient 0.25%10° cells/mL (20 d)

4R R 1%, 55— 7 iR NBAN IR flkCD40L, H 5
CD4045 4 5 AT AL BAN I CDA0 S 53l K, HE— b gk
B i A5G A HE Y . CDA0L-5 CD40AH HAE F {2 it
CD40%R 25, 55 £ 83 I1 HE IR ¥ 52 14 AH G Rl -F-(TNFR-
associated factors, TRAFs)Z CD40L g P &5 #4358 .
TRAFSIEE AN [F] (115 5 5% Sl B, G5 R R E gy
(1% K -F--xB(nuclear factor-kappa B, NF-kB){5 5 JH %
22 58 JF 15 A0 B 15 (mitogen-activated protein kinases,
MAPKSs). i l5 I LT 3-134 (phosphatidylinositol 3-
kinase, PI3K) LA Jyfi#% JIg i C(phospholipase C vy, PLCy)
KR, TPI3K B R I I Ca IE I8 S B AN il 1) 43
o 7SR FE AR DG, MAPKIE # 5 B4 i 34 58 AH K,
NF-kB 38U L RIAFE,

WK, FI FB-LCLs A2 fill % 51 78 R A 11 75 7%
2o AT I DT LA N A AT IR
DUk R SOV . BN AR o B 438 A 2 A L4 il PCR
62351 B-LCLsfEA R 75 356 M, nIAE AR
AZIR T AN R YR, AT AR T E AR TR R
B4k, BRI B840 B RT-PCR 75 7% M\B-LCLs 7 72 [
FUAR FE RIS, 7 [ B-LCLs % SZ ¥ B-LCLs 5. 7
P 1E 77 52 I I B-LCLsE 77 L 7 [ B A 1) 5 J A 2%
4. NIH3T3-CD40LH 3% 41 g % F T~ & 4-B4H i 1)
B g%, AW RIRR T HAEEBVEE LB g (1) i 2
(I1E FH, & BINIH3T3-CDA0L A 77 40 ffl, 7] B&{REBV
F AL P T Bk EL 4T 2, AT 98D 8 37 B-LCLsFT
e I %) 7] B B v L s Th 26, 1R Jim 4 1) o v P AL
FEALSZIG HR S, R HIB-LCLs i % B 7 B Hi i
BEE TRl ALZEPZEEBV K AL AL B i AR
T A E HIILs L $Z B B-LCLs 7K A2 A 25 2 A 4 4k 77

ARSI IXHEIR, TEEBVHE AL i 72 o 1 77 41 i A4
LRl B FH BV T AAS B TR A 45 R

AW 5 T R E R IECDAOLFINIH3T34H i
&, FF HAE B2 S 40 MG R T 4 N BAH I ) A7 Al
WaE, A AT FBFAREBVIAL BT 75 4 g 5, i
B-LCLsHEE 7 564 S BAH AR 5 0 A B8 1 54l
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