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Ex vivo EXPANSION AND CHARACTERIZATION OF EPSTEIN-BARR VIRUS-SPECIFIC
CD4-POSITIVEBULK CYTOTOXIC T LYMPHOCYTES
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Epstein-Barr virusd EBV[Ospecific cytotoxic T lymphocyted] CTLsOwere induced from PBMCs
of a sero-positive healthy donor by stimulation with an autologous EBV-transformed B-lympho-
blastoid cell line EBV-LCL[] CD4” lymphocytes with high cytotoxic activities were found in the cul-
tured fraction. The purified CD4” bulk CTLs were expanded with immobilized anti-CD3 and anti-
CD28 antibodies in the presence of IL-2. The CD4” CTLs showed vigorous proliferation, up to 6,000-
fold cumulative expansion. They maintained high killing activity against autologous target cells while
exhibiting no NK and LAK activities, even after expansion. These data indicate that ex vivo expan-
sion with immobilized antibodies is useful to obtain a large number of CTLs without losing their spe-
cific activities. The cytotoxity mediated by the CD4" bulk CTLs seemed to depend mainly on the
perforin/granzyme pathway because a H?-ATPase inhibitor, concanamycin A, strongly inhibited the
killing. The CD4” CTLs proliferated in response to autologous monocyte-derived dendritic cells
pulsed with one of the EB viral proteins, EBNA 1. This finding suggests the existence of EBNA 1-
recognizing clonél sO in the cell fractions. When stimulated with autologous EBV-LCL or activated
with PMA and ionomycin, the CD4” CTLs predominantly produced IFN-y, not IL-4, indicating that
they belong to the T helper 10 Th10 type.
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Fig.1 Enrichment of CD4" fractions
Enrichment of CD4" cells was performed by depleting CD8" cells by the use of immu-
nomagnetic beads from PBMCs co-cultured with the autologous EBV-LCL, HA-2. The
remaining fraction, which contained more than 950 CD3"/CD4" cells and no CD8”
cells, was subjected to further analysis. Cell suspensions were stained with anti-CD4
and anti-CD8 monoclonal antibodies and analysed by flow cytometry. Results were

displayed as dot plots for CD4 and CD8.
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Fig.2 Cumulative fold expansion of CD4” bulk CTLO A CD4,/CD8 marker] BOand
their cytotoxitiesd CO
0 A0 CD4"bulk CTL induced with y-irradiated HA-2 were expanded with immobi-
lized anti-CD3 and anti-CD28 antibodies and their proliferation rate was measured.
Cumulative fold expansion during 25 days of culture is shown.O0 BOFlow cytometric
analysis of the expanded CD4"bulk CTLO CO Cytotoxities were evaluated by using
*Cr-labeled HA-2, K562 and Daudi as target cells with an EO T ratiol 40. The rep-
resentative pattern from two independent experiments is shown.
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The target cells are HA-2, K562 and Daudi. The EOJ
T ratio was 10. The results of 1 of 4 experiments
with similar results are shown.
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Fig.4 Mechanism of cytotoxicity mediated by CD4" bulk CTL
O A *Cr-releasing assay was performed in the presence of various concentrations of
concanamycinAl ConcAL] BO RT-PCR analysis was investigated on perforin, gran-
zymeB and FasL, and the PCR product was 888 bp, 180 bp and 572 bp respectively. -
actin mRNA was used as an internal control 238 bp PCR productst] PCR primers
were as followsO perforin sense 5’ -GAG GCC CAG GTC AAC ATA GGC ATC-3' and
antisense 5’ -TCA CCA CAC GGC CCC ACT CCG GTT-3' O GranzymeB sense 5’ -
TGC AGG AAG ATC GAA AGT GCG-3' and antisense 5’ -GAG GCA TGC CAT TGT
TTC GTC-3' [ FasL sense 5" -GGA TTG GGC CTG GGG ATG TTT CA-3' and an-
tisense 5’ -GAG CTT ATA TAA GCC GAA AAA CG-30 B-actin sense 5’ -GGG TCA
GAA GGA TTC CTA TG-3’ and antisense 5’ -GGT CTC AAA CAT GAT CTG
GG-3' . PCR thermal cycles were as described in Materials and Methods.
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Fig.5 EBNA 1-specific proliferation
Proliferative response of EBV-specific CD 4" bulk
CTLs was measured by °*H-thymidine incorporation.
Responses to EBNA 10 0-10ug/ml 0 were observed.
Representative results of three similar experiments
are shown.
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Fig. 6 Thl-type behavior of EBV-specific CD4” bulk CTLs
Expression of IFN-y and IL-4 was examinedJ A Intracellular cytokines were ana-
lysed by flow cytometry. Cells were gated on CD4” T lymphocytes and the results
were displayed as histograms[] B[Secreted cytokine concentrations were determined

by ELISA.
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