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Selective ex vivo expansion of cytomegalovirus-specific CD4 ™
and CD8™ T lymphocytes using dendritic cells pulsed with a
human leucocyte antigen A*0201-restricted peptide
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Summary. Adoptive transfer of ex vivo-generated cytomega-
lovirus {CMV)-specific T lymphocytes may be effective in
preventing CMV disease in allogeneic haematopoietic stem
cell transplantation (HSCT) recipients. We developed a
procedure for expansion of CMV-specific T lymphocytes
based on the antigen-presenting function of donor dendritic
cells (DCs), pulsed with a human leacocyte antigen
A*Q201-restricted pp65 nonamer peptide. CMV-specific T
Iymphocytes were identified following induction of inter-
feron v (IFN-y) secretion prompted by peptide exposure.

Both CD8%.and CD4™ CMV-specific T lymphocytes were
selectively produced in these cultures and showed CMV-
restricted cyiotoxicity. The simultanecus and selective
expansion of CD4" and CD8™ CMV-specific lymphocytes
might be instrumental for more efficient in vive function of
infused CMV-specific lymphocytes.
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Human cytomegalovirus (CMV) is a member of the
herpesvirus family that, whils causing seli-limited disease
in the normal host, is responsible for significant morbidity
and mortality when reactivated in immunocompromized
subjects. Haematopoietic stem cell transplantation (HSCT)
reciplents are at particular risk because of the concurrent
role of several factors, the most important of which is a
delayed reconstitution of CMV-specific, donor-derived, cel-
lalar immunity. The incidence of CMV reactivation after
HSCT has been reported to be up to 70% and mortality from
CMV disease as high as 40% (Reusser ef al, 1991).
Pharmacological agents, nsed both pre-emptively and for
treatment of CMV disease, have modified the course of the
disease in recent years, but they are also associated with
significant toxicity (Nichols & Boeckh, 2000).

Alternative approaches to restore CMV-specific cellular
immunocompetence are of potential interest. The work of
Riddeli ef ol (1992) and Walter et al {1995}, who
demonstrated that in vitro-expanded, CMV-specific, T-cyto-
toxic lymphocyte (CIL) clones restored CMV  cellalar
immunity in HSCT patients, marked the era of ex vive-
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generated immunocompetent cells, CMV-specific CTT, clones
were obtained by co-culturing donor peripheral blood
mononuclear cells (PBMNCs) with CMV-infected autologous

- fibroblasts, the only cell type allowing CMV replication

without cell lysis (Riddell et af, 1992: Walter et al, 1995).
However, techniques that do not require virus manipuiation
would be more appropriate for a broader application of cell
therapy in humans.

As dendritic cells (DCs) are the most potent antigen-
presenting cells and have a key role in host defence against
infections, we exploited their use in this setting. A procedure
for ex vivo expansion of CMV-specific T lymphocytes that
involves DCs pulsed with a human leucocyte antigen (HLA)
A"0201-restricted CMV nenamer peptide {(Diamond et al,
1997) was developed.

MATERIALS AND METHODS

Dendritic cells were obtained from the peripheral blood of
HLA A*0201 CMV-positive sibling donors, after informed
consent was given, PBMNCs were plated at 2—4 x 10%/ml
tn six-well culture dishes in Aim-V medium (Life Technol-
ogies, UK) supplemented with 1% autologous plasma, and
allowed to adhere for 2 h. After removing non-adherent
cells, which were cryopreserved as the lymphocyte fraction,
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Fig 1. FACS analysis of ex vivo-expanded
CMV-specific T lymphocytes, based on the
IFN-v secretion assay. See text for details of
procedure. The figure depicts one typieal
experiment out of nine performed. (A) Fresh
PBMCs, not stimulated with the peptide
before assay (this represents background
levels of spantaneously [FN-y-secreting
cells), (B) Cells after 3 week cultures with
peptide-loaded DCs, not stimulated with
peptide befors assay {this represents back-
ground levels of spontanecusly [FN-y-
secreting cells after culture). Co-expression
of €D4 and CD8 is also shown. {C) Cells
from 3 week cultures with peptide-loaded
DCs, primed overnight with CMV-specific
. 295 peptide before assay (this represents CMV-

. specific, IFN-y-secreting lymphocytes, either
CD4 or CDR). Control plots using PE- or
FITC-labelled tsotype aniibedies are shown
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medinm containing recombinant human (rh) interleukin 4
(IL-4: 500 T/mi), rh tumour necrosis factor « {TNFo;
10 ng/ml) and rh granulocyte macrophage colony-stimu-
tating factor (GM-CSF; 1000 U/ml} {all from Fuzoclone, UK)
was added to the plates, and half-replenished every second
day. The frequency of ex vivo-generated DCs was assessed by
immunophenotyping with CD1a—fluorescein isothiocyanate
(FITC) and CD&6-phycoerythrin (PE) monoclonal antibo-
dies {mAbs; Furoclone).

DCs (3-5 x 10%ml) were incubated with CMV
pp65495_503 pepiide [NLVPMVATV, purity > 95% ‘oy
reverse phase high pressure liquid chromatography (RP-
HFLC); MWG Biotech, Germany] {Diamond et al, 1997) at
10 pg/ml for 2 h. Then, they were irradiated at 3000 rad
and co-cultured at a ratio of 1:20 thawed donor lympho-
cytes in Aim-V medium. Three days later, rhil~2 (20 U/mlj
was added and the medium halfchanged on an alternate-
day basis. Cultures were restimulated weekly for 2 weeks
with either freshly prepared or thawed, peptide-pulsed, DCs
at the original 1:20 ratio according to the number of alive
lymphocytes in culture. Following the third stimulation,
cells were processed for gquantification of CMV-specific
Tymphocytes and CMV-specific cytotoxity.

Quantification of CMV-specific lymphocytes was per-
formed using the live IFN-y secretion assay {Miltenyi
GmbH, Germany). Briefly, cells were exposed overnight to
CMV peptide (10 pg/ml) or to an irrelevant 9-mer Mart-1
peptide (AAGIGILTV: speciftc for melanoma and melano-
cytes) as a negative centrol, and then incubated with a
bispecific reagent {anti-CD45—anti-IFNv) that binds, respec-
tively, to the lymphocyte membrane and cell-secreted TEN-y
molecules. TFN-y secreting cells were revealed using
fluorescence-aciivated cell sorter (FACS) analysis with
anti-IFN-y—PE mAbs and anti-CD4/CD8~-FITC mAbs (Bros-
terhus et al, 1999).
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in the left column. Analysis was performed
or: gated live cells (propicium iodide).

CTI. activity was evaluaied using the Di0,5(3) cytotoxi-
city assay (Mattis et al, 1997). Effector cells were recovered
from DC-lymphocyte co-cultures. As targst cells, autolo-
pous, CMV-infected fibroblasts propagated in vitre from
donors’ skin explants (4 out of 10 experiments) or T2 cells
{all experiments; CRL-1992; ATCC, USA) loaded with either
CMV peptide or Mart-1 peptide were used. Fibroblasts had
been infected in vitro with AD-169 CMV sirain {VR-538;
ATCC). Target cells {1 x 107) were labelled with. 15 pg/ml
of green flzorescent dye Di0y4(3) (a dialkylcarbacyamine
perchlorate amphiphilic probe that Inserts into the cell
membrane exposing the charged fluorophore; Molecular
Probes, USA), and then plated at different effector/target (E/
T ratios for 4 h. Propidium jodide (10 pg/ml) and RNase A
{100 pg/ml) were added for counterstaining. The activity of
cyfotoxic T Iymphocytes was measured by analysing at least
20 000 target cells/sample using a FACScan flow cytometer.
Live target cells showed only green fluerescence, whereas
dead target cells were indicated by both green and red
fluorescence: red fluorescence alone indicated dead effector
cells. The percentage of dead target cells and of specific lysis
was calculated according to Mattis et af (1997).

RESULTS AND DISCUSSION

DCs were generated from PBMNCs coltured with IL-4, GM-
OSF and TNTFo; the frequency of CD1 at/nss™ cells was
78 = 12 {n = 12 range 63-92%}. In cases where high
numbers of DCs developed, aliquots were cryopreserved after
being pulsed with peptide and irradiated; thawed cells
maintained stimulatory properties in lymphocyte co-cul-
tures, as we observed in parallel experimenis with freshly
generated DCs.

Identification. of CMV-specific T lymphocyies generated in
culture was based on the detection of TEN-vy, a marker of
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>

-

=
g ° o Target
3 %
3 2
(]
5 5
2 =7 g
T ‘.
LS

T LRt BT T o

A [
; =]
o
a 2
?} [
| E
E
‘. 2
(=9
e
tm
By

E:T25:1

Propidium Iodide

DIO (4(3) -FITC

T-cell aciivation, at the single cell level using flow cytometry

(Kern et al, 1998). In preliminary experiments (n = 4}, we

; evaluated the effects of multiple weekly stimulation with

i peptide-pulsed DCs on the generation of CMV-specific T cells.

1 Paralleling a progressive decrease of total cellularity, the

- frequency of cells releasing IFN-y in response to peptide

increased from @ == 5% at week 1 to 26 = 15% at week 2,

} to 88 * 10% at week 3. Thereafter, significant cell

mortality ensued and all further experiments were per-
formed using 3 week cultures.

Most cells (88 + 10%, range 73-98%; data from nine

doenors) that remained alive in 3 week cultures produced

IFN-y in response to pp65 peptide (Fig 1); the ratio of CD8*/

CD4 ™" cells ranged from 2:1 to 2:7 in different experiments.

Specificity against CMV peptide was demonstrated by

challenging cells with a Mart-1 peptide which failed to

increase IFN-vy production above control valzes (data not

shown). Starting from a theoretical input number of

; lymphocytes in a culture of 1 x 10% we recovered a

| mean of 3-5 % 10° lymphocytes at the end of the 3 week

culture; as the frequency of CMV-specific, INF-y-secreting

cells in response to peptide rose from <0-1% at the
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Fig 2. Cyfctoxic activity of ex vive-expanded, CMV-specific T
Iymphocytes, based on the Di0,4(3) assay. Ses text for details of
procedure. (A) FACS analysis of CTL activity of cells (effector cells, E)
recovered from 3 week cultures with peptide-loaded DCs. Target
cells (T), represented by T2 cells loaded with the HLA A *0201-
restricted CMV peptide, were incubated with E cells for 4 h.
Counterstaining with propidium iodide indicated dead cells in both
E and T cell populations. Tn this representative experiment, the
percentage of dead target cells rose from 0-9% to 29-0%. (B)
Histogram showing the percentage of specific lysis of target cells at
various E:T ratios (mean =+ SD of nine individual experiments).

beginning of culture to >85% at week 3, the actual
expansion factor of CMV-specific (CD4" and CD8*) cells
was > 230-fold.

To determine whether CMV-specific, [FN-y-producing
lymphocytes generated in culture displayed CMV-specific
and restricted cytotoxicity (CTL). we used a sensitive flow
cytomefry assay (one typical experiment out of nine
performed with individual donors is reported in Fig 2A).
There was a correlation between the percentage of specific
lysis and E:T ratio that reached a plateau above the level of
12:1 (Fig 2B} using bulk cultures. Preliminary experiments
(n = 3;) using immunomagnetic selected CD8™Y or CD4™
cells suggested that cytotoxic activity was mainly confined
to the CD8™ cell fraction.

The procedure reported here for ex vivo generation of
CMV-specific T lymphocytes deserves some comment. The
use of peptide-loaded DCs has been exploited for generating
Bpstein-Barr virus {EBV)-specific CTLs (Subklewe et dl,
1999); simultaneons expansion of CMV- and EBV-specific
CTLs has also been obtained with EBV-transformed
B-lymphoblastoid cell lines engineered to express pp65 (Sun
et al, 1999). While the latter methodology does not have the
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disadvantage of being HLA-restricted (such as the one
described herein; however, HLA A*0201lindividuals repre-
sent about 40% of the European population), it requires
exposure of clinical samples to lymphoblastoid cells which
might not be worthwhile. Neverthless, it remains to be
assessed in future studies whether CMV-specific lymphocytes
generated with the peptide-based procedure wilt show full in
vivo activity against naturally infected cells.

Finally, the generation of CD4" CMV-specific T cells in this
culture system is of interest in light of the observation that
helper T cells were required for persistence of in vivo-
transferred CD8™" CMVespecific T cells (Walter et af, 1995).
Indeed, depletion and/cr dysfunction of CD4% T cells
resulted in reactivation and persistence of viruses including
CMV and EBV (Polic et al, 1998). As efficient priming of
CD4™* cells by antigen-specific dendritic cells has recently
been reported {Schlienger et al, 2000), it is probable that our
system could be also employed for the induction of a specific
CMV response by T lymphocytes obtained from CMV-
negative HLA A*0201 donors; we are currently exploiting
this possibility.
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