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ABSTRACT

Background: CD40-activated B (CD40-B) cells might be an attractive source of
autologous antigen-presenting cells (APCs) for immunotherapy due to the convenience
to obtain from peripheral blood and expand in vitro. Moreover, CD40-B cells were found
to be comparable with DCs in their capacity to raise antigen-specific CD8+ T cells.
Here, we have established K562 cells expressing CD40L to expand CD40-activated B
cells used for APCs. Methods: After activation of B cell by K562/CD40L, CD40-B cells
were examined by counting B cell numbers. Surface expression of CD54, CD80, CD86
and HLA class II was measured by flow cytometry. The CD40-B cells were tested for
its function as APC by mixed lymphocyte reactions (MLR) and by induction of T cell
responses specific for pp65 peptide in vitro. Results: The expansion of B cells by
K562/CD40L increased about 6-folds compared with anti-CD40 or K562. Furthermore,
the expression of CD54, CD80, CD86 and HLA class II was up-regulated by
K562/CD40L. B cells by K562/CD40L showed comparable antigen presentation activity
with mature DCs as shown in MLR, INF- 7 ELISPOT assay. Conclusion: These results
suggest that K562/CD40L could be used to generate activated B cells as potent APCs
which could be useful for cellular vaccination and adoptive immunotherapy. (Immune
Network 2007;7(2):80-86)
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A HollA] P dubg F<F &43Hd CD4a+ T Al
Fof| ¥k st= CD40 ligand (CD40L)oN] 23l A AT E
"2 B A|E = CD80, CD86, MHC class 13} class 7} &
AZAESL vl FFoZ wHlgeHo). o|d AFE
ol A 84 CD40L, 3-CD40 | == CD40L 23 A
3L choFdt Hele] CD40-CD40L A3 F3}o]
AEE Wy B AE BAE FEIATH,10,11).
CD40-CD40L 3ol 234l FA15 B AlE: AT W)
I So] MEZA T AT S A% J5HA
APCE A&% < vt 84 Fel9) CD4OLE o] -3t
B A% 242 NIH3T3/CD40LY} 293T/CD40LE o] &
g A EA CD4OLETH A3 Woll 4] g9l Bo] T AL
£ ARAFIE ol dsich ey olg AEA
CD40LE o] &8 AL B AE AT A A4 &
FHbSoly o] FuHEE o|¥ & QUrh(10,11).

2 dTe olFuEE 3l9sly] A8 HLAY 2=
K562 AEFE A-gsle] CD4OLE HEH oz ubdds)
= AlEFEKS62/CD40L)E FE3ldet. o] & K562/
CD40L A EFE B AL AFol o] §3le] B £ &
A3 FAL Ws 4433 B AlE9] APC 715E
kst

RN

Tzt AEF, W A 537 < (leukapheresis)Z H]
A  E¥W(Ficoll-Paque density gradient)(Parmacia,
Piscataway, NI)& ©]-&3slo] 7713t Foizte] whxdoy
w3l LA Z (peripheral blood mononuclear cells, PBMC)Z
2 53199tk MACS CD19 Microbeads isolation kit (Milte-
nyi Biotec, Bergisch Gladbach, Germany)E& ©]-&3}od
CD19+ B AIZE £ #3ith. B A2 5+ FAE
4 (flow cytometry analysis)(Becton Dickinson, Immuno-
cytometry system, CA, USA)2.Z 7 Aslglon RE A
HEoNA 90% °]4E HA sl rH(data not shown).
A CD4OL §-3A=} S84, A% CD40Le] PCR £F
FHE 96 FA3NE D4+ T ATZEAA Ealaid
cDNAE o] &3l th. PCRE 95°Coll Al 58 13], 95°Co]]
A 30Z, 57°CollA 30%, 72°Coll A 40 303] Wb,
72°CollA 108 13] 2702 A3t} PCRE Y53
A CD40L DNAE 2k 491 EcoR 13} Not 102 A
th ¥ pcDNA3/Neo (Invitrogen, Carlsbad, CA, USA)QtS
E IR gt £2499 $AAE A9 EA
o5 sigict

CD40LE ¥ 3= K562 AEF A, pcDNA3/CD40L
£ K562 A|E k2. 2 Nucleofector™ kit V (Amaxa Biosys-
tems, Koln, Germany) & ©]-8-310] 4 =] A7} ¥4
595 AEEL 10% FBS (Sigma, St. Louis, Mo., USA),
2 mM glutamine (Gibco/BRL, Gaithersburg, MD), 100 U/ml
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penicillin (Cambrex Bio Science)’} 333 RPMI1640
(Cambrex Bio Science, Walkersvile, MD USA)ol| 4] uljotE]
%.2™ 1 mg/ml G418 (Duchefa, Hearlem, The Nethelands)
9} FAIE EF7](fluorescence-activated cell sorting, FACS)
o Sjo) A slgich. Aslo] AshE ek Kse2 AE
ol A} CD40Le] &2 A A (£10%)°] At
FRAARAEY] Q. FAZAEE o)A FYsA A
Astch?). 7+eks] 71 H, MACS CD14 Microbeads
isolation kit (Miltenyi Biotecys ©]-83loj PBMCZHE]
CD14+ Y¥FE 353193, IL-4 (Endogen, Woburn,
MA) ¢} GM-CSF (Endogen, Rockford, IL, USA)$} 7]
10% RPMI1640014 79 &<t viekslgict. wlokalL 4%
Aol FAHos FFsgem 794 50 ng/ml
GM-CSF, 10 ngfml tumor necrosis factor (TNF)-a
(Endogen), 1 #g/ml LPS (Sigma) “L&]3L 10 ng/ml IL4E
o] &3l 24417t T As5E fF=8qch

B AE F4. 285 B AE (5210’ cellsymDE 100 GyZ
2% K562/CD40LS} €7 12-well plates (Nunc, Roches-
ter, NY, USA)oll 4 20 ng/ml IL-4& 4718 10% Iscove’s
modified Dulbecco’s medium (IMDM)(Cambrex)E- o] -£3
o} ksteict. 249 B AEE 3~ Ao} 2
9 52 29 2 Fol 24T K562/CDOLSH
A9 B AE(GX10 cellsjwel)yE A2 vkt 3
Al A wlokstdet. AE59F AEELS Trypan Blue %
Aol o] FAHUT v TH EHHE o] &3lod A
25l B AlE9} K562/CD40L] -G5S AA ¥ o] &
& whA) AL Bkl

E33 24, PE-conjugated anti-CD154/CD40L, anti-CD54,
anti-CD80, anti-CD86, anti-HLA Class II (BD Pharmingen,
San Diego, CA)E o|-&3to] K5629} 24319 B A|Z9
REATEAES B4 EAAE B SR,
EYL FAIZ Z47E ol gste] o|H T 72 W
o7 BAgchil1). 7reks] 71<€slH, 100 ul PBS
(Cambrex)Qte] 1¥uke} AEEL 2% FBS7F ¥4
PBSE -+ ¥l AJH3 ¥ 05 ug FEE IAE 208 T
cColA AL A4 ATE AH F 19
Paraformaldehyde 375 PBSE IAAI AT FAIE &
A& flol| A AFE FAE F4719F CellQuest software
(BD Biosciences)E o]-23}o] 33},

3% 9= uh-$-(mixed lymphocyte reaction). MLR-2
XTT assay (Roche Diagnostics GmbH, Mannheim, Ger-
many)E o]&3te] olAa} T whow AEZR T AE
£ 23319 th11). 7-=Fs] 713, MACS CD4 Micro-
beads isolation kit (Miltenyi Biotec)& ©|83}e] CD4+ T
AZE 2 ek 29 55 T AEAx100E 5L
3t o} #FA3E B A} 96-well flat-bottomed tissue
culture plates (Falcon, Bedford, MA)oll 4] 69 &<t wljok-S



82 Jung-Yong Park, et al.

A

5 EcoR |
X
c
3
S
Al pcDNA3 o
5.4kb 8
o
=
[
-
Q
enmyc&@nnn Not I

5o

FL2
10
9

10!

unstaining

k562064401 2 con 003 k5620cd401 2 004

80%

r
162
FLIH

10%

,
10!

Figure 1. Stable K562 transfectant simultancously expressing CD40L. (A) Constructive diagram of CD40L gene expression. The cDNA
encoding human CD40L is derived from the activated CD4+ T cells by extracting RNA using with EcwR I and Noz I restriction site
hanging at the 5’ and 3’ terminal respectively. The amplified human CD4OL is then inserted into the mammalian cell expression vector
pcDNA3. (B) Expression of CD40L on K562 cell lines. CD40L expressing stable transfectant of K562 is sorted by combination of
a drug selection and FACS sorting. The surface markers on K562/CD40L were tested with PE-conjugated human CD4OL.

st F3 55 490 nmollA] ThermoMax microplate
reader (Molecular Devices, Palo Alto, CA, USA)Z 34}
ek,

ELISPOTS)| ¢J& IFN-y #d Y= 4. ELISPOT
assay= o[ AT} 22 W o2 Feaqichk®). ek V)
<p4, ELISPOT kit (BD biosciences)E A3t} 79
59 K562/CD40LoY| 23] #4315 B A|Ee Q17 AW
A Zv}o)#] A(human cytomegalovirus, HCMV)Q] pp65
HLA-A*0201 A% FElo] = 495~503 (NLVPMVATYV)
(10 pgmlyE AAIZ F AFALE o] L3813} MACS
CD8 Microbeads isolation kit (Miltenyi Biotec)E ©]-&3}oq
CD§+ T AEE Ha 3t Held Cpg+ T AE
(5x10* cells/well)= ZA3HE B AE(5x10° cells/well) 2}
A E5stgieh. 4% AIEZE-L U-bottomed 96-well
plate (Falcon)oll 4] 100 z1 vjokHell 427k F<b iEF=
t}. SpotES YERN7] §18le] streptavidin-HRPS} 718 &
o] -£3}9] o v ELISPOT reader (AID, Jessup, MD)E o]-&
shol ZHeH5c

AR A, BE AFEL meantSEE FHO
o, 2+ A F 79 TAIEE AL Student’s rtestol]
oJste] AA#At FAA FA4YL pvalue <0.059)
7ot QAR s ). FAEA-L SigmaPlot 2000 soft-
ware (SPSS Inc. Chicago, IL, USA)E o] &3}3it}.

- | 1}

CD40LE 23 3l= K562 Al EF &, BAIEY $4&
$=3817] 913l K562/CD40L A EFE 71313t ol
g K562 AL E2 Z2 RE]9} neomycin #3442}
£ 343 TEAN o) ARELE HElste F24YH
CD4OLE HE EYQAFLE uhEo] FchFig. 1A).

CD40L PFAEY] = K562 A FEE G418 A9} CD4OL
FAZ o] §3 FAZ EFIE ol &3l 44 35t A
wE] K562/CD40L Al EZF9] CD4oLe] wha=ke 671
o] %o % 80% ol}-& FAslich(Fig. 1B).
K562/CD40Lo)| &J§ B A|¥2] 43} sdAlF=EA 3¢
&, K562/CD40LS} BAIZ 9] v o ulE B A|£9 €4
3 AEE 2467 9eto] IL4 (20 ngm)E A7 4
dolld 24% 49 B AE9 K562/CD40LS] Hl &5
1:02504 1: 48 2A-ste] AFAZHL BE v &9
AZol| A K562/CD40LY} B AE+E= EXE A4S B9
o} 3FAuk 1: 0250 1: 0.5 B] oA B A2 F4] L
SEERA Folgeh Fu|2g A 1:29 1: 4 H|Eo
A B ATAA FXE AE7t 23 FAE 78 5
=9 21 (Fig. 2A and B), 1: 4 H]&2] B AIE RFol4]
£ -8 K562/CDAOL A-fEo] AAA WHEHQ A5 ol
£ 2Asto], B QoA & K562/CD40LE 1:29] H|
£2 B AZE AZ 319 149 E< K562/CD4OLE
A=ZA71 B AlE(B-K562/CD40L)YE IR E S71 =9
o} Wxyed B AI9 K562t Z AF A7l B
(BKS62)A £+ EF AHE ArkFg. 20).

B A|FoA APC 753 ABAo] Y FHYY W
3} 2A7) Asto] AFAINA & BEEY B Al
29} 79 EoF I 2|71 B A|ZlA] CD54, CD8O, CD36
1285 HLA class 19 2t&g ZAslgc) DxEHAE B
A E9} v]25}e] B-K562/CD4OL A Zoll4 CD54, CDSO,
CD86 2|3 HLA class II W& gko] Z7}sl9 c}(Fig. 3).
o] 5 Wl e 25 19 FHE F71H7] Al glchdata
not shown).

B-K562/CD40L A|£& o] 43 T A|£9] 553< =5,
B-K562/CD40L A E£2] & AF 585 Fsl7] 3t
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Figure 2. B cells proliferation using K562/CD40L. (A) Optimal ratio of B cell to K562/CD40L. Various numbers of K562/CD40L
(sIL-4; 20 ng/ml) were then added to each well. On day 3, cultures were re-stimulated by fresh K562 transfectants. B cells were
expanded for 7 days. (B) Morphology of K562/CD40L-stimulated B cells (B-K562/CD40L) after 7 days of culture. Typical cluster for-
mation of B-K562/CD40L that surround the K562/CD40L (original magnification: x100). (C) Comparison of long-term expansion of
B-K562/CD40L and B-anti-CD40. B cells were stimulated with control K562 cells, anti-CD40 mAb (10 zg/ml) or K562/CD40L (sIL-4;
20 ng/ml) for 14 days. Cultures were harvested, counted and re-stimulated twice a week.

CD54 CcD8o
g
8
238
8s
o S, :
10? 10! 102 0 104

8 — Unstaining
2 ———
ﬁa PB B
(s34
g — B-K562/CD40L

Figure 3. Phenotypical analysis of B and B-K562/CD40L. Peripheral Blood B cells (PBB) were activated for 7 days with K562/CD40L
(sIL-4; 20 ng/ml). The ratio of B cells to K562/CD40L is fixed 1 : 2 and after coincubation for 7 days, the costimulatory molecule
CD54, CD80, CD86 and HLA II molecule are analyzed on activated B cells, the dot line. Thin solid line indicates fluorescence of
isotype matched antibody.
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Figure 4. MLR or IFN-y ELISPOT assay using HCMV pp65 peptide-pulsed activated B cells. (A) Proliferation of allogeneic T cells
by activated B cells. Induction of T-cell proliferation was performed with PB B, B-K562, B-K562/CD40L or mature dendritic cells
(mDCs) pre-cultured for 6 days. Purified allogeneic T cells were co-cultured with activated B cells in a final volume of 100 zl. MLRs
were cultured for 6 days and proliferating viable cells were analyzed by XTT assay. Data are shown as meanstSE of 3 independent
experiments, each performed is triplicate. *: p<0.05 for B-K562/CD40L vs. mDC. (B) Induction of IFN-y secretion T cells by activated
B cells. A¥0201+ CD8 T cells from normal donors were stimulated with autologous activated B cells and subsequently analyzed for
their immune response by ELISPOT. Stimulator cells were autologous activated B cells from donors pulsed with CMV antigen pp65
peptide. Open circle indicates average intensity of spots. Data are shown as meansSE of 3 independent experiments. *: p<<0.05 for

B-K562/CD40L vs. mDC.

of TAHEZTF uh5-& FAHS A, Fig. 4A0l 49 Zo]
T A|E9] F4)L w2y B A|E1} BK562 A|FoA K
t} B-K562/CD40L A ¥ol| o34 A3t 2718 Ry}
SLA|RE o]2] 8t B A ZE o] &3 T AE X2 A& 5
AZAEmDO)E k= Y FFolt). w3k BK562
CD40L Al Zol g4 H4A)7] ¥ CD8+ T AEE A3
AIA T AZ HAE-E-2] A3 priming) & FE8+x}. A
2l 80~90%7}F WA} slojlo] Y2 Wk Yo
+ HCMV 3191 pp65E A-&3191t}. Fig 4B9] ELISPOT
AAY A pp657} 2HEHE B Al EE= CD8+ T (5x10%9]
A As FAZAE WF IFN-7 BHjsh= T AEY =
< F7HE fFEsch du 9 T A XA B}
+ IFN-7 %2 K562/CD40L-B A Z8} A< R A E
7t A

| &

EBV Y ZA AZFE o] &3] 4347 B AZES
P Bo| T AZES EFFoE2 458 F 9t
(13,14). ¥]5 EBV-LCLY AAlo] 7rehsls 3¢ A)-ZA)
E 755 FASAT Aolgl= nlolg] & o] &of T3t
P4 e FAIMI EBV-LCLE &E3lr] 93 4~6F
7ko] 717ko] F Q3slel= whdo] 9lgith oA TSl
Al B AIX 842 thekdt Julo] CDIOLE AHTFE 9o
™, &A3E B AlZE= AlET oA vlola) it Fak

P9 BolHQ AESH T ALY BYN} WAL
FEN] 4G FAATAEL 01§59k, MER
wolel s PAEY, Hetol= 43 RNA Y AABE
ol geto] FAH B AIEE AFelo] WAL FE
e Q77 AgsIglon, FAAES) nlzel o

A 5o CD8+ T AEE X339 THT,8,12). thkdt e
9] B A|E AL FZ T84 CDALS A|EA CD40L
9] 77k HeE o] &xo] gt dGAHANA AP
Ul 31 Bo] T AE FEF 93 84 CD4OLE B
AE Ao o] &= A e MEA CDIOLET} A=
ol Ugith2). 2HEE AEA CDILE Ld3 e
NIH3T3 A|EZU} 203T H|EEE o] §3le] B AT =
A1S FE3819 01} NIH3T3 Al EollA Q] o]Fuk-g-3} 293T
A Zof|A] FFHESo] o] FH& A A Th(10-12).

E Ates AS7A AFEY TAAE Ba57] 9
slo] K562 AEZFE o]-&3lr) K562 AEFE A
FTA T4 FAE A, HLA EA71 =R oo
), B{A 2ok S u g ujoko] £o]3t o]FE A2
lth(16). FZ K562 AEF7E T AE 2| AEl9) cD28F}
4-1BB BzAS A9 =g Ut JFdd
A|-5-A) *E (artificial antigen presenting cell, AAPC)ZA4] ©]
£5 9 vH16,17). K562/CD40LE B A|EE 149 E9 &
Sate] 3ul] F7FAIZ I CD40 A2 A3 SA Hd
=t HlE J|1E Qo4 A-g-3 NIH3T3/CD40LS}



293T/CD40LE A HAQ] vl A¥E A= E3igA
7k K562/CD40LE A}58 B A|E9} |23 A TA L
B vH(Fig. 2B). (=3 oA CD4OLE uFsiste S2 A|E
F5 0|3 AFollA B AEE BAI3A)717] ol A9t
=T A4S =S X4 A3 2 KS62/CDA0LE =
< 4% FEsTk1). o2 Age H3te] dhe

© 39 A" K562 A EollE CD54 (ICAM-1), CD58
(LFA-3)3} ay B; (vitronectin &) 53 2 AEAE
o] Jofsls AELZEAE o] wds}y] vl AE7H
o 73t A3 o] Agste] AFQ Aol o] FojR
Aoz AZAH18). FUAZAZZA B-K562/CD4OL
AEE o] &3 MLR E44& E3l|4 K562/CD40Lo] <]
3 &A43HE B AE7} A5 FAGAER G YokA
=T T AE $4AE forhes A8 FsathFig. 4A).
2434 B AX9] ZHEAE EA% ARE E9
K562/CDAOLE. AFS3& v 84 CD40LY o}& A E
4 CD4OLE AF3-& wie} wlszsto] CD542F CD8O-&
Y3 FFo 7 wrdslgl o CD867 HLA class I1E
A ddee 2 2dsldch@,10). dARH S =4
317] Qstod 843t B AE 1gMT} 1G] EuE &
At A} obF ub-2-E& Holz) ¢gkrh(data not shown).
K562/CD40Lel| &j3f) 245% B A E= AIE QAbste
A EFEh=nlE 23] A ddded gyl
t}. I3 HOMVEHAQl pp6s #lefo] =& o] £-3F ELISPOT
A S S84 K562/CD40L-B A FE7F A4 FRAA
EHc} IN- 79 FHlshe AESFE HJAT QAT
oA A EH|sl IFN-7 olldd & Xl & HolA] ek}
(Fig. 4B). YubH o 2 #4313 B AZE A5 FAAA
EHo 2 FAA TS 7RG L HAT K562
CD40Lel &3 A58 B AlEE & JAATSS 1
ReH19). AF7HA K562/CD40LoY )3 41315 B Al
7t 7HAE SA e GUAT 5 S Lol Byt v E
434 B AlE7} £ 2453 F9AZ5S 7HAA
7 SAGATE A3 5 dAE A A
I8 F37)el A7l dhAE5Y dAE A A
EEAAZTAZZA AHsHA FAGAEE A3}
A3l K562/CD4OLERE ofy2t F1 chokdt A ks
A7t daslcl
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