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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 Woll A QJekdAgnt-s Fok FAI3HE CD4+ T Al
of] Bk s} CD40 ligand (CD40L)ol 28l A A3 5
2 B A|E CDS80, CD86, MHC class I¥} class 17} 5=

AAES} v FFEoE Wg9). oA AFE
A =84 CD40L, 3-CD40 &4 =& CD40L s A
LS thekst Fele] CD40-CD40L Adts 53hod
g3 ol B AE Z4E FEsch2,10,11).
CD40-CD40L 7Z3tol] a4l S4B AlE= Alg# W
g Bol AEZA T AEY AL S 7154
APCE A& = vt 84 F el CD4OLE o] &3
B A|¥ #4-S NIH3T3/CD40LL} 293T/CD40LE o] &
g AlE4 CD40LEth A|§ % WollA] g So] T AlE
E AAAZIE SHol Yokt ey ol e AlEA
CD40LE o] &3 22 B A1E 2 A &A% el &
ZHbSoL o] FHEES ob/|E & Urh(10,11).

B oodFs o] FukS-& #]3]slr] 913 HLAVF AR H
K562 A|EFE A-gslo] CD4OLE gHgZ o g nkels)
L A|EF(K562/CD40L)E &sl9d}. ol#] st K562/
CD40L A|EFZ B A|E 2FZo|| o] &slo] B A|Z 9| 2
AT FA S WEsla &43kE B AlES] APC 75
galstsic.

> W2 N AT

Mz 2
Foztke} A EF, WE A A B4 < (leukapheresis) 2t H]
SA 3" (Ficoll-Paque density gradient)(Parmacia,

Piscataway, NI)= o|&3}o] 71743k Foiz}e] Ha ol
thai LA 32 (peripheral blood mononuclear cells, PBMC)&
¥ 5319t} MACS CD19 Microbeads isolation kit (Milte-
nyi Biotec, Bergisch Gladbach, Germany)E ©]-&3}o]
CD19+ B A& £l 33tk B Al29 £5& FAIE
4 (flow cytometry analysis)(Becton Dickinson, Immuno-
cytometry system, CA, USA)2.& ZHA3I o & A
HEA 90% o] A4S §As19thdata not shown).
AHt CD4OL #-A=} S24Y. A7 CD40LY] PCR F%
F8S 9l B4 CDa+ T AESlA Eelai
cDNAE ©]&3}3lth. PCRE 95°CollA] 5% 13], 95°Cel]
A 302, 57°Coll Al 30%, 72°Coll A 40%Z 303] HbE,
72°Coll Al 108 13] =702 AAsith PCRE ¥ 53
45k CD40L DNAE A th& 491 EcoR 17} Not 2.2 A
k& pcDNA3/Neo (Invitrogen, Carlsbad, CA, USA)Q+o.
2 RS sk SE24H s 4719 EA
o2 selsigir.

CD40LE L33t K562 A ZF AJA. pcDNA3/CD40L
£ K562 A|E ko & Nucleofector ™ kit V (Amaxa Biosys-
tems, Koln, Germany) & ©]-&ste] 4 =4AIZch &4
E% AEEL 10% FBS (Sigma, St. Louis, Mo., USA),
2 mM glutamine (Gibco/BRL, Gaithersburg, MD), 100 U/ml

B-cell Stimulation by K562/CD40L 81

penicillin (Cambrex Bio Science)”} 3% RPMI1640
(Cambrex Bio Science, Walkersvile, MD USA)ol| 4] uljokx]
92 | mg/ml G418 (Duchefa, Hearlem, The Nethelands)
9} F-AIZE EF7](fluorescence-activated cell sorting, FACS)
off o3l A =t Ado] XY= = F3F K562 A
ol 4] CD40L®] ¥ M3 (£10%)°]
FARAZE] AA. TFAGAEE oA} FYsiA A
Astdeh2). 7+eks] 7]<sH, MACS CD14 Microbeads
isolation kit (Miltenyi Biotec)s ©]-83}o] PBMCE4-E]
CD14+ w5 25319131, IL-4 (Endogen, Woburn,
MA) 2} GM-CSF (Endogen, Rockford, IL, USA)2} 37
10% RPMI1640011 4] 79 &<t wiokslgict. w2 49
Aol FrtH ez FFslgen 79mel] 50 ng/ml
GM-CSF, 10 ng/ml tumor necrosis factor (TNF)-«
(Endogen), 1 1g/ml LPS (Sigma) L2]3L 10 ng/ml IL-45
o] &l 24A17F BT Ase FEIATh

B A|Z ZA. 225 B A|Z (5x10° cells/ml)x 100 Gy &
Z A5 K562/CD40LS} $HA] 12-well plates (Nunc, Roches-
ter, NY, USA)oll 4 20 ng/ml IL-45 47} 10% Iscove’s
modified Dulbecco’s medium (IMDM)(Cambrex)S o] &3}
of wjeFalgict. F41% B AlE= 3~4Yell AFH 3] &
7be 75 F883rh 1 Foll 24 K562/CD40LL}
FA3kE B A E(5x10° cells/well) S A 2-$- ufjokolz} o
Al ehA] e oFateiet. Al Z¢} AY<EE-L Trypan Blue %
Aol oz FA I vlex EHE o] &3] A
M5 B A E2} K562/CD40L2] 255 AlAZ 3 o] &
S wf7bA] A A Lol A Hgsldch

E38Y B4, PE-conjugated anti-CD154/CD40L, anti-CD54,
anti-CD80, anti-CD86, anti-HLA Class II (BD Pharmingen,
San Diego, CA)E o] 83}o] K562¢} 24315 B A9
HzASEA45% 24 IAAE9] B A8
Y2 FAIE E47E o] &3to] o] H T} T W
o FEAsdckal. 7+eks] 71<sbd, 100 ul PBS
(Cambrex)Q+e] 1WHb/le] AZEL 2% FBS7} 343
PBSE T W A¥3 ¥ 05 g HEE GAE 208 53
4°ColA AMAZA. A" AEE AH F 1%
Paraformaldehyde 3H3% PBSE IAQA|Zch FAE &
AL gollA AdFsE A E47]19) CellQuest software
(BD Biosciences)& ©|-&slo] 3} c}.

£3 ¥ =+ uh3-(mixed lymphocyte reaction). MLR-
XTT assay (Roche Diagnostics GmbH, Mannheim, Ger-
many)& o] &3t} ol Mgk e PO AEY T AL
£ FAsick11). 2HEks] 7], MACS CD4 Micro-
beads isolation kit (Miltenyi Biotec)E ©]-&3}o] CD4+ T
AEE £ shdeh BEel® 55 T AEAx10)E= 52
3t 49 FA)3lEl B AlE 9} 96-well flat-bottomed tissue
culture plates (Falcon, Bedford, MA)ol| 4] 6% E<F wjokS
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Figure 1. Stable K562 transfectant simultaneously 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 CD4O0L 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 CD40L.

sttt 35+ 490 nmollA] ThermoMax microplate
reader (Molecular Devices, Palo Alto, CA, USA)Z &4 3}
Ak

ELISPOT®] ©]§ IFN-y 43 Y= ZA. ELISPOT
assay© o|A 7 - Wb o7 F3Elgivk).
<814, ELISPOT kit (BD biosciences)S AH-g3lich 7¢
&<k K562/CD40Le| J3l] 2433kl B Aol Q17F Al
A|En}o] 2] 2 (human cytomegalovirus, HCMV)Ql pp65
HLA-A*0201 723} #E}o] = 495~503 (NLVPMVATYV)
(10 pgml)E ZAFAIT] 3 AFALE o] &3]3tk MACS
CD8 Microbeads isolation kit (Miltenyi Biotec)E ©]-&-3}o]
CD8+ T AIEE el sgirh £eld CD8+ T AE
(5%10" cells/well)= 2432 B AZ(5x10° cells/well)2F
A Z9tsldel. £33 A|EE2 U-bottomed 96-well
plate (Falcon)oll 4] 100 x1 v okelel] 44| 7+ Z-otF vl okE] Q]
t}. Spots= WERNY| 9lo] streptavidin-HRPS}F 712 -&
o] -2-&}9] o ELISPOT reader (AID, Jessup, MD)E ©]-&
sho] ZAshglnt.

EAESA e, RE AH}EL meantSEE F33}9 o
], 7+ AT 7k FAITE f-2) 42 Student’s t-testol]
ostel AR FAH FYA S p-value <0.059]
73g-ollnt el sl FAI AL SigmaPlot 2000 soft-
ware (SPSS Inc. Chicago, IL, USA)E ©]-&3}3i )

= i

CD4OLE 33l KS62 AlEF 8. BAI 9] $41&
F5817] 913 K562/CD40L A EFZ & slqic). o7
gk K562 A|E5S ZZ 2E9} neomycin A4 A AL
3 ke Eof AIREAE HElsle] FEYH
CD40LE ¥4 L=Azez ukEo] ZivhFig 1A).

CD40L HAEY] # K562 A|E+ G418 A2+ CD40L
A E o] &8 FAIE EF71E o] &3l AW sk A
¥ K562/CD40L A EFS] CD40LS] "Fal =S 671Y
o|ZoE 80% o|S FAsSthFig. 1B).
K562/CD40Lel| ¢]& B A Z2] FAl7} AAFTEAL
&, K562/CD40Le} BA|Z 9] H]&of w2 B A|E9 A4
S AEE F4%17] Slste] IL4 (20 ngm)E H7H3E &
eollA Q= g=9] B AlE9} K562/CD40LS] &=
1:025904 1:42 2Aso] AFA AL} BE v|-&9
Aol Al K562/CD40LS} B Al£& 54+ 4 HS
th ARk 100254 1: 05 oA B A9 SA42
FEEA Zekich Su 2 A 1:29 1: 4 vl
Al B AlEol|A SX = BE7F 23 FAE A =
%9 o U} (Fig. 2A and B), 1 : 4 H]&¢] B A|Z Aol A

%2 K562/CD40L ZH-i-Eo] AAA vEEH Q1 2p5oll
HAgkslo], B ol Fol| A= K562/CD40LE 1 : 29] H]
&2 B AIEE AT 33k 149 59 K562/CD40LE
AFA)7] B AlZE(B-K562/CD40L) = 681A = Z7}1 59
o} wxgol B AE9 Kse2nte 7 2= A7l B
(B-K562)A| 2= B AEE 3 chFig. 20).

B A|ZolA APC 7|53} d#A o] e FHH W
3HE FA37] fete] AFAFIA 2 HE2EH B Al
F9} 79 E9F FA) A71 B Al EellA] CD54, CD80, CD86
18] 3 HLA class 119] ¥31S ZAs}9icl. B2yl B
A Z9} v]aslo] B-K562/CD40L A ZEol| 4 CD54, CDSO,
CD86 2|3l HLA class I W& &Fo| Z7}e}3) chFig. 3).
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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 pg/ml) or K562/CD40L (sIL-4;
20 ng/ml) for 14 days. Cultures were harvested, counted and re-stimulated twice a week.
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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 xl. MLRs
were cultured for 6 days and proliferating viable cells were analyzed by XTT assay. Data are shown as means*SE of 3 independent
experiments, each performed is triplicate. *: p<<0.05 for B-K562/CD40L vs. mDC. (B) Induction of IFN- 7 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 means*SE of 3 independent experiments. *: p<0.05 for

B-K562/CD40L vs. mDC.
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293T/CD40LE ZHAQ] vl 43S kA= st
uF K562/CD40LE A3k B A £} v S8 Az =
RArh(Fig. 2B). T3+ o] A CD4OLE WHalslE S2 A

R

b e X

==

3!
= Eslg AR K562 Aol CD54 (ICAM-1), CD58
(LFA-3)@} avy S5 (vitronectin &4)) S} 72 A 273
of] Hofsls AERZEALZo] Wasly] ull ol AETH
of 73k At o] zrgsle] Tl ApFo] o] FolFl
Aoz AZrEh(18). GAAFAHEZA B-K562/CDA0L
A|EE 0] 238 MLR EA4H-S Ell4 K562/CD40LoY| 2]
3l &4k B AlE7F A5 FAGAEE = AT
=2 T AE SAE foohes AS sl chFg. 4A).
FAstEl B AlEe] FHEAE EAG AdE 5
K562/CD40LE AF53< ulf 784 CD40LY} t}& Al E
4 CD40LE A5 ule} vl ste] CD54%F CD80
Zd3 Fo 2 uhesl9l om CD86TF HLA class II&
=7 sk A EQlskach2,10). dAEH = S4
sl7] $lsle] &AJ3kE B AlE9] IgMI} 1gGe] Eu]E 2
Qg A} opF Hh-3-& Holx| ok9kr}(data not shown).
K562/CD40Lel| €]l A-=% B AlEE A& BAsle
AR Eek=ukE B3bE7] A AdeEed sl
t}. w3 HOMVErI el pp65 #Ebo] =2 o83k ELISPOT
AAWS £ 4 K562/CD40L-B A Z7}F AL FAAA
FZH} [FN- 79 Bulsts AlZTE AAAN IAZ
of| A} Eu]s}= IFN-7 Foll4l T Xpo] & HolA| ¢kt

(Fig. 4B). ¥Rt o2 FA3}5 B A|2E A5 TAA
FHh U ST S 7k S A AR K562/
CD40Lell J3l 254 B AlEE =< 94l &2
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27t 7MA = SAH SAAT T Lol Hokrh vl =
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