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Induction of cytomegalovirus (CMV)—specific T-cell responses using dendritic

cells pulsed with CMV antigen: a novel culture system free of live CMV virions

Karl Peggs, Stephanie Verfuerth, and Stephen Mackinnon

Recipients of allogeneic transplants are
at risk of cytomegalovirus (CMV) infec-
tion and disease during the period of
immune compromise after transplanta-
tion. The limitations of current antiviral

pharmacotherapy have led to attempts to
develop alternative strategies for prevent-

ing or treating CMV infection, such as
adoptive transfer of donor-derived virus-

specific T cells. Methods for generating
CMV-specific T cells either use live CMV
to infect autologous antigen-presenting

cells (APCs) or require some knowledge
of the immunodominant peptides involved

in the immune response. A novel culture
system was developed that does not use
live virions and in which the APCs are

monocyte-derived dendritic cells (DCs).
APCs were pulsed with CMV antigen and
cocultured with autologous peripheral
blood lymphocytes from donors seroposi-
tive for CMV. The culture-output cells
consisted of both CD4- and CD8-express-
ing T cells. Proliferation, as determined
by a tritium-thymidine—incorporation as-
say, showed significant CMV-antigen
specificity in cultures from 15 of 15 do-
nors seropositive for CMV. In cytotoxicity
assays, cytotoxic T lymphocytes from 10
of 12 cocultures specifically lysed autolo-
gous CMV-infected fibroblasts or DCs but
not HLA-mismatched or uninfected target
cells, and this activity was shown to be
blocked by HLA class 1 blocking antibod-

ies. T-cell-receptor spectratyping of cells
from the cultures typically showed com-
plex size-distribution patterns, with all
size classes of a normal preculture distri-
bution present. However, a few size-class
peaks were expanded compared with the
preculture patterns and these may have
represented expansions of CMV-specific
T-cell clones. Advantages of this culture
system are that it requires no live virions
and no detailed knowledge of the anti-
genic peptides involved and it is appli-
cable to CMV-seropositive donors of any
HLA type. (Blood. 2001;97:994-1000)
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Cytomegalovirus (CMV) reactivation with progression to diseasedoptively transferred safely to patients without developmentc_of
is a major cause of morbidity and mortality in immunocomprograft-versus-host disease (GVHD) and with persistence of adopﬁve
mised recipients of bone marrow transplartSubstantial progress immunity for up to 4 weeks. k3
has been made in the early diagnosis and treatment of CMV Demonstration that virus-specific T cells might have cllnlcgl
infection and the prevention of CMV disease in such patiéntsapplications raises several critical issues for further |nvest|gat|gn
Although pre-emptive therapy with ganciclovir reduces the incincluding questions about practicality and safety. For adopttae
dence of CMV disease early after transplantation, it may bemunotherapy for CMV to be widely applicable, rapid ana
complicated by severe neutropenia and the onset of late (more tledficient production methods and ready access to the appropmte
100 days after transplantation) CMV disease. In spite of thes&us-specific effector cells are required. Several problems mus@ae
advances, pretransplantation CMV seropositivity and posttransplaeived before these criteria can be met. First, many culture systéms
tation CMV infection are associated with poorer survival aftethat have been employed to generate CMV-specific T cells use Brve
allogeneic transplantation, particularly in recipients of grafts frol@MV. Therefore, there is a risk of viral transmission when tlffe
unrelated donors. Therefore, the development of alterneultured T cells are given to transplant recipients. Second, patihts
tive strategies for prophylaxis and treatment of CMV diseasgho have received CMV-specific T cells have been given Iafge
is warranted. numbers (up to X 10%m? of body surface area) of CD&ells at
CMV infections occur with great frequency in recipients ofegular intervals to maintain in vivo anti-CMV respon$eBhis
marrow transplants because of the severe and prolonged cellutquires several weeks of cell culture and large-scale cloni
immunodeficiency that occurs in these pati€nRecovery of which are both time consuming and costly.
CD8" CMV-specific cytotoxic T cells (CTLs) in the early posttrans- The aim of this study was to assess the feasibility of usmg
plantation period abrogates the development of CMV-relateténdritic cells (DCs) to generate T-cell responses to CMV. DCs are
disease. In 65% of patients, however, CMV-specific CTLs do ntdte most potent of the antigen-presenting cells (AP@sg)d their
develop during that period, making them at high risk of CMVxole in resistance against experimental malignancies and infections
related diseast CMV-specific CD8 T cells can be cloned and is well documente&!? DCs can be generated from bone marrow,
expanded from the blood of patients seropositive for CMV ancbrd blood, and peripheral blood. The use of DCs to stimulate

g,

Z SUAp g0 U0 19|

From the Department of Haematology, University College London, London,
United Kingdom.

College Hospital, 98 Chenies Mews, London WC1E 6HX, United Kingdom;

e-mail: s.mackinnon@ucl.ac.uk.

Submitted April 4, 2000; accepted October 5, 2000. L . . .
P P The publication costs of this article were defrayed in part by page charge

payment. Therefore, and solely to indicate this fact, this article is hereby

marked “advertisement” in accordance with 18 U.S.C. section 1734.

Supported by the Leukaemia Research Fund, London, United Kingdom.
K.P. and S.V. contributed equally to this work.
© 2001 by The American Society of Hematology

Reprints:  Stephen Mackinnon, Department of Haematology, University

994 BLOOD, 15 FEBRUARY 2001 - VOLUME 97, NUMBER 4


https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V97.4.994&domain=pdf&date_stamp=2001-02-15

BLOOD, 15 FEBRUARY 2001 - VOLUME 97, NUMBER 4 CMV-SPECIFIC CTL EXPANSION IN DC COCULTURES 995

CMV-specific T-cell responses in the absence of live CMV magocultures of cells from 6 CMV-seronegative donors were prepared in the
have advantages, with respect to safety, over currently usg’ineway as those from CMV-seropositive donors. To provide an additional
methods to expand CMV-specific T cells in vitro. We found thahaturation stimulus, coculturing of cells from the CMV-seronegative
antigen-pulsed DCs can be strong stimulators of CMV—specif‘fi@nors was also done with the addition of 200 IU/mL tumor necrosis factor
T-cell responses in vitro and that these T cells have both proliferfél-(TNF{’.‘; |n5|ght_ Biotechnology, Middlesex, UK) 24 or 48 hours after
tive and cytotoxic activity, MV-antigen pulsing of the DCs.

Flow cytometric analysis of T-cell subsets

Lymphocytes from 14-day cocultures were dual stained with fluorescein
isothiocyanate—conjugated (FITC) anti-CD4 monoclonal antibodies (mADb;
Dako, Ely, UK) plus phosphatidylethanolamine (PE)-conjugated anti-CD8
mADb (Dako) and with FITC-conjugated anti-CD45 (Dako) mAb plus PE
Peripheral blood mononuclear cells from donors seropositive for CMEgy5-conjugated anti-CD3 mAb (Dako) for 30 minutes on ice. After
were isolated from heparin-treated blood by means of gradient centrifugeashing, the cells were resuspended in PBS with 2% formaldehyde. The
tion through Ficoll-Paque (Pharmacia, St Albans, United Kingdom [UK]samples were analyzed in a flow cytometer (Beckman Coulter, High
Monocytes were allowed to adhere in tissue-culture flasks for 2 to 3 houwycombe, UK).
The nonadherent peripheral blood lymphocytes (PBLs) were removed and

tht_a mqnocytes we_re differentiated into DCs in X Vivo 20 medi“”bytotoxicity assays
(Biowhittaker, Wokingham, UK) supplemented with 10% autologous 8
human serum (HS), 100 ng/mL interleukin (IL) 4 (R&D, Abingdon, UK),PBLs from the 14- to 21-day cocultures were used as effector cells in lacgte
and 100 ng/mL granulocyte-macrophage colony-stimulating factor for dehydrogenase (LDH)-release cytotoxicity assays (Cytotox96 Kkit; Pg"o-
days in a 37°C 5% carbon dioxide humidified incubator. mega, Southampton, UK). One of 3 different types of target cells was used:
autologous CMV-infected FBs, autologous CMV-infected DCs, and autdgg-
gous CMV-antigen—pulsed DCs. Target FBs were infected with CMV str%@'n
AD169 in a small volume of RPMI 1640 medium (Sigma) for 3 hours &
The CMV antigen (Dade Behring, Marburg, Germany) was produced frothe day before the assay. Control FBs were mock infected by using the sgme
human lung fibroblast (FB) cell cultures infected with human CMV (Towneolume of medium. DCs were infected in the same way by using a clinicadly
strain) and lyophilized after inactivation witB-propiolactone and the isolated endotheliotropic strain of CMV. For the antigen-pulsed DCs?él
addition of stabilizer. The antigen was screened for CMV infectivity withmg/mL CMV antigen was added to DCs on the day before the assgy.
both conventional virus culture and rapid centrifugation culture witAutologous DCs, either unpulsed or pulsed with control antigen (1 mg/m%),
detection of CMV-specific immediate-early antigen fluorescent foci (DEAFf#vere used as negative controls for the CMV-antigen—pulsed DCs. Addli-
testing). For virus culture, antigen was inoculated onto both humaional controls used were allogeneic HLA-mismatched; infected or antig@n-
embryonic lung and donor bone marrow—derived FB monolayers that weralsed target cells and uninfected or unpulsed target cells. Interfefod
cultured under routine conditions for 21 days and visually inspected dalymL; Sigma) was added to all target cells and control target cells&o
for characteristic cytopathic effects. DEAFF testing was performed aftpromote HLA class 1 expression.

rapid centrifugation culture on a human embryonic lung FB monolayer by Cytotoxicity assays (done in triplicate) were set up according to tﬁe
means of consecutive incubation with a murine monoclonal antibodwanufacturer’s instructions in round-bottomed 96-well plates in volumesgpf
against CMV early antigen (NEN Life Science Products, Hounslow, UK), 200 nL RPMI 1640 medium without phenol red (Sigma), supplemented
biotinylated antimouse 1gG antibody (sheep; Amersham Internationalith 5% CMV-seronegative HS. There were 3000 target cells per Wél,
Amersham, UK), and streptavidin fluorescein (Amersham Internationabffector cells at various effector-to-target (E:T) ratios, and the approprigte
Each incubation was done at 37°C for 20 minutes, with careful rinsing usiegntrols, ie, target cells alone with (target total release) and without (target
phosphate-buffered saline (PBS) between incubations and a final wasthépgntaneous release) lysis solution and effector cells alone (eﬁe§tor
step in distilled water. The FB monolayers were examined with aspontaneous release). The plates were incubated for 4 hours at 37°C. Ehen,
ultraviolet microscope. 50 L of supernatant was transferred to flat-bottomed 96-well plateg| 502

of a chromogenic substrate for LDH was added, and the plates were
incubated for 20 minutes in the dark for color development. Subsequerﬁly,
50 uL of stop solution was added and the plates were read in &n
Cocultures of 10< 10° DCs and 100 to 206 10° PBLs/well were setupin enzyme-linked immunosorbent assay plate reader. The percentagg of
triplicate in 96-well plates with either 1 mg/mL CMV antigen (Dadetarget-cell lysis was calculated by using the following formula: [(experimeg-
Behring), 1 mg/mL control antigen (Dade Behring), or no antigen igal LDH release)- (target spontaneous LDH release)effector spontane- =
200+.L volumes of X Vivo 20 medium with 10% autologous HS. On day %ous LDH releasex 100] / [(target total LDH release) (target spontane-

of culture, 0.037 MBq (1.Ci) tritium-thymidine (Amersham) was added to ous LDH release)].

each well. After approximately 16 hours, the plates were harvested on a

filtermat _in an automated harvester. A scintillant sheet (Meltilex; V\(e}llatf_‘LA class 1 blocking experiments

Turku, Finland) was melted on the filtermat and the amount of tritium-

thymidine incorporation was detected in a scintillation counter (Wallac). Target cells for cytotoxicity assays were incubated withp20of a murine
antihuman HLA class 1 antibody (W6/32, which recognizes a monomor-
phic epitope on the 45-kd polypeptide products of the HLA-A, HLA-B, and
HLA-C loci; Dako) for 30 minutes at room temperature. Cytotoxicity
Autologous PBLs and monocyte-derived DCs from CMV-seropositivessays were then done in triplicate as described earlier.

donors were cocultured for 14 to 21 days in X Vivo 20 medium with 10%

autologqus HS and 1 mg/mL_ CMV antige_n in tissue-cuItL_Jre flasks. Half qj—cell receptor CDR3 spectratyping

the medium was replaced with fresh medium when required. On day 7, the

cocultures were restimulated with more autologous DCs and 0.5 mg/mRNA was extracted from preculture and postculture PBLs by using
CMV antigen. Beginning on day 10, 20 U/mL IL-2 (Sigma, Poole, UK) wadJltraspec RNA (BiotecX Laboratories, Houston, TX) according to the
added to the cultures every 2 days to further stimulate T-cell proliferatiomanufacturer’s instructions. Complementary DNA (cDNA) was generated
In cultures maintained for longer than 14 days, there was anothfeom 1 g RNA in a 20uL reaction using random hexanucleotide primers
restimulation with autologous DCs pulsed with CMV antigen on day 14or reverse transcription with reverse transcriptase (Superscript; Gibco

Materials and methods

Generation of monocyte-derived DCs

eojumoq

Testing for CMV infectivity
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66,

Proliferation assays

Cocultures of PBLs
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BRL, Paisley, UK). Each of 22 functionally rearranged BV gene subfamBtatistical methods

lies was amplified across the constant-variable junctions by using the 24 . ) .
BV-subfamily—specific primers described previously by Maslanka Etaa, The Wllcoxr:) n S|gn(rd rafn K tels_]f for -palred nonpargmetrlcl data W?Shuéed to
well as a fluorescent dye—conjugated (FAM; Perkin Elmer, Cambridge,Ulgzn.mare the resu_ts N pr0|era_t|on assays using cultures wit MV
BC-region—specific primer. Some of the BV primers amplify short polymer“’-1 tigen, control antigen, or no antigen.

ase chain reaction (PCR) products and others amplify longer products:

Short and long BV primers were combined in duplex PCRs as follows: B

5.1 plus 1, BV2 plus 12, BVS plus 3, BV4 plus 5.4, BV13 plus 7, BV9 pludRE€SUILS

14, BV11 plus 20, BV17 plus 15, BV16 plus 21, BV18 plus 23, and BV24- iture growth and phenotypic analysis

plus 22. BV6.1 and BV6.2 were used unpaired.

The total PCR volume (2fL) contained Genamp PCR buffer (Perkin pB|s and autologous DCs from donors seropositive for CMV were
Elmer), 2 mM magnesium chloride, 0.2 mM of each deoxyribonucleosidg,cyltured for 2 to 3 weeks in the presence of CMV antigen. On
triphosphate, 1 mM of each primer, and ul. cDNA (equivalent t0 g4y 4 o day 9 of culture, the lymphocytes proliferated rapidly and
approximately 25.000 cells). For the hot start, .0'5 U Amphtag DNAresh medium was usually required every 1 to 2 days. During this
polymerase (Perkin Elmer) was added after a 5-minute denaturation Ste%r%te, lymphocytes accumulated in clusters around the DCs and the

95°C. Optimal cycling conditions were 95°C for 30 seconds, 58°C for 3 b £ DCs in th | d d . Theref h
seconds, and 72°C for 45 seconds for 30 cycles, followed by a fingHmoer o S In the culture decreased over time. Therefore, the

extension at 72°C for 5 minutes. PCR produciyl) was denatured in 12 cultures were restimulated Wi_th m‘?re antigen-pulsed DCS_ onday?7.
uL formamide and electrophoresed through Performance Optimized Pofjfter day 9, lymphocyte proliferation slowed down considerab,

mer 4 (Perkin Elmer) on an ABI 110 automated sequencer (Perkin EimerWith an increase in the number of dead cells demonstratedgby
the presence of a Tamra 500 size standard (Perkin Elmer). Genescanfll@rescence-activated cell-sorter analysis (data not shown). Begin-

software (Perkin Elmer) was used to analyze the data. ning on day 10, IL-2 was added in an attempt to selectively
©
;rf;
Table 1. Phenotypic analysis and cytolytic effector function of the nonadherent cell fraction after 2- to 3-week coculture of peripheral g
blood lymphocytes with autologous dendritic cells pulsed with cytomegalovirus antigen %
Autologous I/P Autologous NI/NP Allogeneic I/IP Allogeneic NI/NP Eg,'
Target cell/donor no. Days of culture % CD8 E:T ratios (% lysis) (% lysis) (% lysis) (% lysis) 2
CMV-infected FBs %
1 14 ND 10:1 6.5 11 0.4 0 g
2 13 14 10:1 36.2 0 4.1 0 :_::-'_
20:1 39.1 0 5.1 0 i3
3 15 ND 5:1 20.5 0 0 0 3
10:1 19.9 0 0 0 N
4 13 19 5:1 9.5 0 4.1 0 %
10:1 12.0 0 1.6 0 >
20:1 15.6 0 2.9 0 3
5 24 9 5:1 1.0 2.6 4.1 0 g
10:1 6.3 0 2.3 0 S
20:1 6.1 0 0.1 0 2
6 14 7 10:1 13 0 2.8 0 §
20:1 11.1 0 0 0 £
7 13 ND 10:1 0 0.5 15 0 i
20:1 6.7 0.7 11 15 P
8 14 ND 10:1 5.8 0 3.9 15 &
20:1 3.8 1.9 15 2.4 S
CMV-infected DCs §
9 21 17 10:1 6.0 0 0 0.7 ]
20:1 4.0 0 5.0 2.0 5
10 14 25 10:1 125 0 0 3.5 R
20:1 235 3.8 0.4 9.1
CMV-antigen-pulsed DCs
11 14 47 10:1 26.0 0 0 0
20:1 35.0 2.4 2.6 0
12 14 5 10:1 28.0 0 1.7 0
20:1 42.0 0 15 0
Unknown*
13 20 67 — — — — —
14 21 28 — — — — —
15 14 26 — — — — —
18 35 — — — — —
16 14 12 — — — — —
17 13 39 — — — — —

The phenotypic analysis was restricted to the percentage of CD8" cells at the time points indicated. Cytolytic effector function is shown as the percentage of target cells
lysed, as determined by lactate dehydrogenase-release cytotoxicity assays done at the same time points.

E:T indicates effector to target; I/P, infected or pulsed with CMV antigen; NI/NP, not infected or not pulsed with CMV antigen; CMV cytomegalovirus; FBs, fibroblasts; DCs,
dendritic cells; and ND, not done.

*Cytotoxicity assay results were not available for 5 donors.
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stimulate growth of CMV-activated lymphocytes. At the end of the 100000 1
culture period, there was a median 2.1-fold (0.3-fold to 4.0-fold)
expansion in the numbers of T cells, with a median total T-cell
number of 1X 10 cells.

Phenotypic analysis of the nonadherent cells at the end of the
coculture period using fluorescently labeled monoclonal antibodies
revealed that most cells expressed CD45 and CD3. All cultures
contained both CD4- and CD8-expressing T cells. The proportion
of CD8-expressing cells varied greatly among donors, ranging
from 5% to 67% at time points up to 3 weeks of coculture (Table 1)
and from 5% to 39% (median, 14%) at 2 weeks.
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Proliferation assays were done on day 6 of culture to measure T-cell CMY ANTIGEN NO ANTIGEN
proliferation in response to CMV antigen presented by autologogigure 2. Proliferation as measured by tritium-thymidine—incorporation as-
DCs. The CMV antigen used was a crude preparation fromsays. Proliferation assay results for samples from 15 donors, with assays done on

. . . cultures stimulated with DCs pulsed with the CMV antigen (1 mg/mL), control antigen
CMV—In_fe(_:ted human lung FB_ cell I|_ne. Attempt_s to culture Vlruithmg/mL), or no antigen. The results for each donor under the 3 different culture
from this inactivated preparation using conventional culture teCkonditions are shown linked. In each case, there was significantly more proliferation
niques, rapid Centrifuga’[ion cultures, and DEAFF testing failed tgth the CMV antigen than with the control antigen derived from the human cell line
demonstrate any evidence of CMV infectivity. Dose-responé‘éed to produce the CMV antigen (P = .0007, Wilcoxon signed rank test).
curves for CMV-antigen concentration in relation to tritium- o »
thymidine incorporation showed an optimal antigen concentrati@ 12 in vitro cultures from CMV-seropositive donors testeg
of 1 mg/mL (Figure 1). DCs stimulated more T-cell proliferatiorsnoWed CMV-specific cytotoxicity against CMV-infected FBs &

than did their precursor monocytes when used as APCs (Fig#&s or antigen-pulsed DCs (Table 1). At various E:T ratios, they
1A). To determine the extent to which lymphocyte proliferatio

pvas substantial lysis of autologous CMV-infected or pulsed targ“g’ts
was stimulated by CMV antigen rather than antigens derived fropt very little or no killing of uninfected or unpulsed autologou$
the human cell line, a control antigen preparation derived from tf@/gets or allogeneic HLA-mismatched targets. Control-antigen—
human lung FB cell line and not infected with CMV was usedfulsed autologous DCs were also not lysed (Figure 3). These data
(Figure 1B and Figure 2). In 15 donor cultures studied, T-ceffdicate that, in general, the culture conditions promoted the
proliferation in response to the control antigen was significant§evelopment of CMV-specific cytotoxicity. In addition, killing wag
less than that in response to the CMV antigeh=(.0007 HLA restricted, since only autologous—not allogeneic—HLAg
Wilcoxon signed rank test), but it was often slightly greater thafiSmatched target cells were lysed. The presence of clasg 1
proliferation without any antigen P(= .01, Wilcoxon signed dependence was also indicated by the abrogation of lysis showe by
rank test). preincubating targets with HLA class 1 blocking antibodies (Figu®e
Cocultures of cells derived from 6 CMV-seronegative donof®- These data also suggest that any contribution of Cri-
did not show significant proliferation, despite prolongation of thEXPressing cells to target-cell lysis was minimal, since this wodd
culture period for up to 6 weeks and continued weekly restimul@0Pably have been mediated by HLA class 2 receptor interactias.
tion with autologous CMV-antigen—pulsed DCs. Similarly, the usBecause only a minority of the culture-output cells expressed CIgs,
of TNF-a to induce DC maturation and up-regulation of costimulal'€ CD8 ratios of CTL to target were much lower than is indicatgd
tory molecules did not result in lymphocyte proliferation. in Table 1 and Figures 3 and 4.

dny wouy pspeojumoq

Cell-mediated cytotoxicity T-cell receptor CDR3 spectratyping

Unseparated mononuclear cells obtained from the culture weigomparison of preculture and postculture T-cell receptor (TCR)
used as effectors in cytotoxicity assays. Killing of CMV-infected®PR3 spectratypes showed that postculture T-cell repertoires véere

cells by CD8 CTLs is thought to play a major role in the
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Figure 1. Dose-response curves for CMV and control antigen in cocultures,
measured with proliferation assays.  Tritium-thymidine—incorporation assays done
on day 6 of coculture showed an optimal CMV-antigen concentration of 1 mg/mL with
DCs as APCs (#). (A) Autologous monocytes pulsed with CMV antigen stimulated
less proliferation when used in the same manner as APCs (@). (B) Control antigen
produced minimal stimulation of proliferation with DCs as APCs (A).

10:1 20:1

E:T Ratio

Figure 3. Cytolytic assay with CMV-antigen—pulsed and control-antigen—
pulsed autologous DC targets.  Antigen specificity of the culture-output cells
demonstrated by failure to lyse autologous DCs pulsed with control antigen ((J), even
in cases showing the greatest amounts of lysis of autologous DCs pulsed with CMV
antigen (H).
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and colleague%3334|n these studies, CMV-specific CD&TLs
used for infusions into patients were cloned from bulk cultures to
minimize the risk of alloreactivitj> CMV-specific T-cell clones
were adoptively transferred to recipients of allografts and resulted
in restoration of CMV-specific cellular immunity and prevention of
CMV infection in patients at risk of CMV disease. Although this
process virtually eliminates the risk that the adoptively transferred
cells will cause GVHD, it is time consuming and requires
substantial logistical support. These practical difficulties may
partly account for why these studies have not led to the widespread
use of adoptive immunotherapy for preventing and treating CMV
infection. In addition, they confirmed the requirement for CD4
Donor 18 Donor 19 T-cell-helper function to restore longer-term immune memory, as
Figure 4. Cytolytic assays with CMV-antigen—pulsed autologous DC targets was SqueSted by earlier work in murine modefs.
preincubated with HLA class 1 blocking antibody. ~ HLA restriction of the cytotoxic Conventional methods for generating CMV-specific T cells use
*é‘;w“l’/“y °tf the CU'TUTZ'OtUTPU‘tce”S ‘_’emf;"f‘?ted_t:y Pf?"::i"”ff 'V’Sils of f}gtoczogoés a culture technique in which the APCs are autologous skin FBs
comp:?el??itlfup?eeincuagg:oi \?vri(ter:m;ucsnirolmgnti—ggllg anti(t:)sj)sl (I)?GmE; icr:d?ca(te; infected with live CMV?® Thus, there has been concern about tge
autologous unpulsed controls. potential for viral reinfection concurrent with adoptive ceIIuIag
therapy. Regulatory and safety issues also complicate the usk of

still polyclonal, ie, most BV spectratypes had a complete set ofsiE%te_“'calf serum (FCS) n culiures de§t|ned for _transfusnon fo
peaks. Although most postculture spectratypes were similar to fpRuents. Culture techr_nques th‘_"‘t av0|_d these risks are bg}_’ng
preculture spectratypes, some BV spectratypes contained onéj%Ye!‘)ped on th? basis of an increasing understanding of ghe
more predominant size peaks after culture. These differences W@t}@mples governing presentation of peptides by HLA classgl

more pronounced when analysis was restricted to the'Gigset Molecules and recognition of HLA-peptide complexes by CTLs &y

7-39 =d
of cells and when the culture period was prolonged to 21 da%eans of the TCR™®® The human CTL response to CMV is

(Figure 5). Also, they were more common in the BV13, BVS, angominated by stru_c_tural protein pp65_, which is ta_rgeted_by 700/d‘§t0
BV6.1/6.2 gene subfamilies. 90% of CMV-specific CTLg941Other immunogenic peptides tha§
account for a smaller part of the overall response include eIem%wts
of the major immediate-early gene product (IE-1), the matigx
protein ppl50, and virion envelope glycoprotein*B3 The g
immunodominant nonapeptides from the pp65 matrix glycoprotgé‘n
In recent years, there has been a decrease in morbidity éﬂat are restricted to specific HLA molecules are being identfﬁed;g
and these can be used to load class 1 molecules of transforfned

mortality due to CMV after allogeneic transplantatioif:'6 The . : : . >
initial reason for this was the development of newer and mofgmphoblastoid cell lines for the generation of CMV-specific CD&}

effective pharmacologic antiviral agents, such as ganciclovir al%l-_n‘ in the absence of live VIrus. _However, _th's tec_hmque does 'go
foscarnet’1® However, although early randomized studies ijt'mm‘f"te Cth T cells a”‘? is limited to p.atlent.s with HLA typesg
which ganciclovir was used to provide antiviral prophylaxis di or which the immunodominant nonamer Is delineated. .
show a reduction in CMV-associated mortality, there was no Ar} e'ega”t method of generating CM_V a“‘?' I_EBV—specmc
overall survival advantage in the group given the ageftThis cells in a single culture was recently descrif&€d@his involves the
was attributed to ganciclovir-related myelosuppression and an

increase in associated bacterial and fungal infections. The develop- VB 13/3 VB 6.1

ment of more sensitive, rapid, and reliable surveillance techniques 2 weeks 2 weeks 3 weeks
using CMV PCR analysis or assessments of antigenemia in
combination with pre-emptive use of antiviral drugs has reduced
unnecessary exposure of some patients to these side éffétts.
However, because of the high rates of CMV reactivation when
either the donor or the recipient is seropositive for CMV, ganciclovir-
related cytopenia, recurrent infection, and late CMV disease
continue to complicate the pre-emptive approad®@sThe true g
positive predictive value of tests for the development of CMV
disease is unclear, but it is estimated that perhaps only 50% of
episodes of detected CMV would have led to CMV-related
diseas&3°and that pre-emptive therapy results in overtreatmentof,
many patients. The limitations of antiviral pharmacotherapy have cps*
promoted an interest in adoptive immunotherapy as an alternative

means for preventing and treating CMV disease in patients given _ _
aIIogeneic transplants. F.|gure 5. TCR BV spectratyping results for 3 BV gene family members from a

A ) i . single patient. Full BV spectratypes were generated for preculture, postculture
The potential efficacy of adoptive immunotherapy has be&Rselected, and postculture CD8" selected samples. In most cases, postculture

demonstrated by the complete regression of immunoblastic lysmectratype appearances were similar to preculture appearances, as is shown for
phoma in aIIograft recipients after the infusion of Epstein-Baﬁ’Vl? and BVS (in duplex PCR reactions). Sqme spectratypes had one or more

. ific CTLSL32A simil f of principle for th dominant size-class peaks after culture and this was often more pronounced after
virus (E_BV)_SpECI IC_ . simi a_r prooro prlnmp etor _e selection for cells bearing CD8 and with increasing culture duration, as is shown for
prevention of CMV disease was provided by the studies of RiddeiVs.1 after 2 and 3 weeks of culture.
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transduction of lymphoblastoid cell lines with a recombinartively simple method, should allow widespread use of adoptive
retrovirus encoding pp65. Endogenous intracellular synthesis antmunotherapy for CMV.
processing of viral proteins avoids the necessity of knowing the Some of the polyclonal cell lines expanded in the DC cocultures
presented peptide sequences. However, the technique is tshewed relatively small amounts of lysis during cytotoxicity
consuming and its dependence on the use of recombinant retroviassays. However, it should be noted that in many of the cases in
is likely to limit the number of centers that could employ thisvhich the percentage of lysis was under 20% and in which CD8
innovative approach. cell numbers were enumerated, CD&lIs accounted for less than
The use of monocyte-derived DCs as APCs and as target cel¥% of the total lymphocyte count. Therefore, the E:T ratios were
in our study circumvented the problem of procuring skin biopsglearly not comparable to those observed with clonal CTL cultures
specimens from the donors and the time required to grow the FiB cytotoxicity assays. Even if all the CD8cells were CMV-
monolayers. In addition, the use of donor autologous seruspecific CTLs, the effective maximal E:T ratios would be about 2:1
eliminated the need to use FCS in the culture. Furthermore, tteed:1, and it is probable that the proportion of CMV-specific CTLs
absence of live virions in the culture minimizes the risk of CMMvas far smaller than this. Whether the enrichment for CMV-
infection due to the transfer of the CMV-specific T cells. Indeedspecific T cells, including CD4 T-helper cells, will allow more
the CMV antigen failed to show evidence of a cytopathic effegrofound in vivo expansions to enable clinical efficacy while
in FB cultures and the results of CMV DEAFF testing weravoiding GVHD is currently unclear and must be addressed i
negative. DCs have the unique ability to process exogenouslynical studies.
supplied antigen efficiently and present peptides on both class 1Despite the complex postculture spectratypic appearancesg °the
and class 2 HLA molecules along with an array of costimulatory cells generated from most donors in this study did not Iy&e
molecules®#>The presentation of both helper and CTL-definedninfected and allogeneic targets, thereby suggesting that ghe
epitopes means that both CDand CD8 CMV-specific T cells  time-consuming process of T-cell cloning may not be necesséry.
will be generated. This allows both the generation of cytolytielowever, the presence of potentially alloreactive size-class pe?ks
effector function and the potential for re-establishment aind the low positive predictive value of most in vitro tests f@r
longer-term immune memory, which may be important isubsequent development of GVHE® necessitate initial dose-—‘
preventing subsequent viral reactivation. escalation clinical studies with the aim of dissociating an antw@l
The lack of an absolute need to know the presented peptideffect from a graft-versus-host effect.
means that our technique can be used for patients of any HLA So far, all the CMV-specific T-cell lines generated with omﬁ
type and will trigger T-cell reactivity to undefined immunogeniculture system have been from seropositive rather than seronéga-
determinants, thereby allowing a greater potential for augmentare individuals. This limitation has been mentioned by others WEO
tion of a broader T-cell response. This will reduce the possibilitysed alternative APC¥:#° However, the proposed central role &;L
that selective pressure will be applied to CMV in vivo. It may béCs in the generation of the primary immune response in vigo
particularly important with the emergence of more evidence thahould make these cells the ideal candidate for this in vitro tagk.
other targets, such as IE-1, may play a more important role Using culture conditions identical to those used for the seroposit§/e
CMV-directed immune responses than previously recogn&eddonors, we found no significant proliferation of lymphocytes for li:p
Use of our technique can also be extended to other infectit@6 weeks of culture. Additional maturation stimuli may be requiredf‘so
agents for which the immunodominant peptides are not y#icrease the efficacy of antigen presentation and up-regulate costlnajla-
known. Indeed, further study of culture-output cells may help try signals to generate a primary immune response with this culglre
delineate other specific features of the immune responsessistem. Therefore, we are currently attempting to identify suitafgle
various pathogens. Most important, the short time required stimuli that will allow more widespread application in high-risg

MOG

generate the CMV-specific T-cell lines, together with a relacMV-seropositive patients with seronegative donors. z
e
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