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Administration of herpes simplex—thymidine kinase—expressing donor T cells
with a T-cell-depleted allogeneic marrow graft
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Philippe Saas, Bruno Petracca, Chris Juttner, Craig W. Reynolds, Dan L. Longo, Patrick Hervé, and Jean-Yves Cahn

Administration of donor T cells express-
ing the herpes simplex—thymidine kinase
(HS-tk) with a hematopoietic stem cell
(HSC) transplantation could allow, if graft-
versus-host disease (GVHD) was to oc-
cur, a selective in vivo depletion of these

T cells by the use of ganciclovir (GCV).
The study evaluates the feasibility of such

an approach. Escalating numbers of do-
nor HS-tk—expressing CD3 * gene-modi-
fied cells (GMCs) are infused with a T-cell-
depleted bone marrow transplantation
(BMT). Twelve patients with hematologi-
cal malignancies received 2 x 10°(n = 5),
6 x 10° (n = 5), or 20 x 10° (n = 2) donor
CD3* GMCs/kg with a BMT from a human

leukocyte antigen (HLA)-identical sib-
ling. No acute toxicity was associated
with GMC administration. An early in-
crease of circulating GMCs followed by a
progressive decrease and long-lasting cir-

culation of GMCs was documented. GCV
treatment resulted in significant rapid de-

crease in circulating GMCs. Three pa-
tients developed acute GVHD, with a grade
of at least I, while one patient developed
chronic GVHD. Treatment with GCV alone
was associated with a complete remis-
sion (CR) in 2 patients with acute GVHD,
while the addition of glucocorticoids was

necessary to achieve a CR in the last
case. Long-lasting CR occurred with GCV

treatment in the patient with chronic
GVHD. Unfortunately, Epstein-Barr virus—
lymphoproliferative disease occurred in 3

patients. Overall, the administration of
low numbers of HS-tk—expressing T cells
early following an HLA-identical BMT is
associated with no acute toxicity, persis-

tent circulation of the GMCs, and GCV-
sensitive GVHD. Such findings open the
way to the infusion of higher numbers of

gene-modified donor T cells to enhance
post-BMT immune competence while pre-
serving GCV-sensitive alloreactivity. (Blood.

2001;97:63-72)
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A hematopoietic graft comprises stem cells capable of durablyy GVHD, ex vivo TCD is associated with increased grait
reconstituting multilineage hematopoiesis and mature immunocorejection and leukemia relapse as well as overall immune incon‘@e-
petent cells such as T cells. These T cells are capable of recogniziigce? In contrast, posttransplantation immunosuppression d&es
the host as “foreign” and are thus responsible for one of the masit interfere with marrow engraftment and allows for a significa;ﬁt
severe and limiting complications of allogeneic hematopoietic steBVL effect, even in patients not experiencing significant GVHDg
cell (HSC) transplantation: graft-versus-host disease (GVHDY). For these reasons, post-transplantation immunosuppression is &ten
the other hand, these same T lymphocytes have an important rolpiaferred to TCD for GVHD prophylaxis. Unfortunately, thi§
facilitating engraftment, and they mediate long-lasting antitum@approach is only partly successful in preventing GVHD, and res@ts
effects: the graft-versus-leukemia (GVL) eff@cthis GVL effect in significant acute and chronic GVHD-induced mortality arigl
is the most potent cancer immunotherapy available at the presemrbidity, especially after matched-unrelated or partly match@d-
time® and justifies, by itself, the use of allogeneic HSC transplanteelated transplantatiohFurthermore, severe GVHD remains diffig
tion in the treatment of a wide spectrum of hematologicalult to treat, and the broad immunosuppressive agents used in guch
malignancies. Although some evidence suggests that GVHD aadetting often increase the incidence of lethal infectious compliga-
GVL are separable, most data support the notion that donor T celtsns® The difficulties encountered in dealing with post-HSE
are the dominant effector cells for both the harmful GVHD and thieansplantation alloreactivity have been highlighted by the dem@n-
beneficial GVL. stration that the use of an anti—interleukin-2 (anti—IL-2) recep@®r
Ex vivo T-cell depletion (TCD) of the grefftand post- monoclonal antibody (mAb) during the first 28 days after non-TGD
transplantation immunosuppressiare the 2 methods presentlybone marrow transplantation (BMT) could result in an unchanged
used routinely to prevent the deleterious effects of allogene@VHD incidence, reduced GVL effect, and significantly reduced
reactivity after transplantation. Although very efficient in preventdisease-free survivalLastly, donor lymphocyte infusion to treat

From the Etablissement Francais du Sang, Bourgogne/Franche-Comté, and
Service d’Anatomie Pathologique and Service dHématologie, Centre
Hospitolier Universitoire (CHU) Besancon, Besancon, France; Service
d’Hématologie, CHU Strasbourg, Strasbourg, France; Service d’Hématologie,

contre la Myopathie (CRTG), le Ministére de 'Enseignement Supérieur et de la
Recherche (CRTG), Genetic Therapy Inc, Novartis, and the European
Community (Biomed contract No CT97-2074).

CHU Nantes, Nantes, France; Genetic Therapy Inc. (GTI)/Systemix/Novartis,
Palo Alto, CA; National Cancer Institute (NCI)-FCRDC, National Institutes of
Health (NIH), Frederick, MD; and the National Institute on Aging, NIH,
Baltimore, MD.

Submitted January 27, 2000; accepted August 8, 2000.

Supported by the Programme Hospitalier de Recherche Cliniqgue (PHRC No
950898), la Ligue Nationale contre le Cancer (Centre Réseau de
Développement des Thérapies Géniques [CRTG]), I'Association Francaise

BLOOD, 1 JANUARY 2001 - VOLUME 97, NUMBER 1

Reprints: Pierre Tiberghien, Etablissement Francais du Sang, Bourgogne/
Franche-Comté, 1 bvd Fleming, 25000 Besancon, France; e-mail: pierre.
tiberghien@univ-fcomte.fr.

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.

© 2001 by The American Society of Hematology

63


https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V97.1.63&domain=pdf&date_stamp=2001-01-01

64  TIBERGHIEN etal BLOOD, 1 JANUARY 2001 « VOLUME 97, NUMBER 1

relapse after transplantation has proven to be a very efficient

treatment in patients with chronic myelogenous leukemia (CMW)aterials and methods

and, to a lesser extent, in other hematological malignascies.

Unfortunately, such an approach, even late after transplantatiéiipical protocol and patient characteristics

can result in seve_re GVHD |ncll_Jd_|ng marrow apla%@verall, Details of the protocol have been reported eatiéiwelve adult patients
adequate mod.ulatlon Of. alloreactivity remains an elusive goal, i an HLA-identical sibling donor received escalating doses of €CD3
new therapeutic strategies are clearly needed. GMCs with a TCD BMT. In all cases, the recipient age was greater than 40
The introduction of a gene encoding a susceptibility factgfears, and/or a female donor—-male recipient sex-mismatch was present, as
(“suicide gene”) can make target cells sensitive to a chemotherapgituired by the protocol. Both of these factors have been associated with an
tic agent that is ordinarily not toxitThe most established amongincreased risk of acute GVHD in the absence of T-cell depletion of the graft.
the suicide genes is the thymidine kinase (tk) enzyme from tifatient characteristics are detailed in Table 1. After obtaining written
herpes simplex 1 virus (HS-tR}:11 In contrast to mammalian tk, informed consent from the prospective donor and the recipient, peripheral
HS-tk is capable of phosphorylating specific nucleoside analogu80od was harvested from the donor, and GMCs were prepared as described
such as ganciclovir (GCV), to nucleoside monophosphate. TR&/OW and cryopreserved. The recipient then received an intensified
nucleoside monophosphate is then phosphorylated by a cellfgpditioning regimen including 60 mg/kg cyclophosphamide 2 times, 10
kinase to nucleoside triphosphate and incorporated into DNK'g/kg thiothepa, and 2 Gy fractionated total body irradiation 6 times

. L . L. followed by a TCD marrow graft. T-cell depletion involved complement-
thereby Ie_a(_jlng to inhibition of DNA synthesis and resulting in thSependent cytotoxicity (anti-CD2, CD7 mAb; [Diaclone, BesamErancel):
death of dividing cells.

) ) ~ rabbit complement [ETS Franche-Comiesanon, France] (n= 11) or §
The ex vivo transfer of theiS-tkgene into T cells before their cpz4+ selection (Isolex 3001; Baxter Healthcare, Deerfield, IL) of the grait
infusion with a TCD graft could allow for selective in Vivo (n = 1, patient no. 8). Because of the occurrence of EBV-LPD, the protogol
depletion of these T cells with GCV if subsequent GVHDOyas amended to include a B-cell depletion (patients, nos. 6-12), which @as
developed. Thus, with the early infusion of such cells, one couthtained by the addition of an anti-CD19 mAb (Diaclone) to the anti—T-c§4|
preserve the beneficial effects of the T cells on engraftment amé\b or a positive selection of the graft CD34cells. Marrow graft 2
tumor control early after transplantation and throughout theharacteristics, as well as the number of GMCs infused, are detaged
post-transplantation period for patients not experiencing sevdidable 2. 5
GVHD. In addition, the GCV-induced selective immunosuppres- The median number of CD34cells in the graft was 1.6% 10° cells
sion restricted to proliferating donor mature T cells infused witR€" kg (range, 0.55-3.95 10° cells per kg), and the median number 0%
HSCs could result in less toxicity than the broad immunosuppragimedified CD3 cells in the graft was 0.8k 10° cells per kg (range, 3

.05-2.36% 10 cells per kg). Thawed GMCs were infused 15 minutés

sive agents presently used for GVHD treatment. Similarly, efore the infusion of the marrow graft. Escalating amounts (semi-l%g

reported .by Bon.|n| et i the use of such HS.-tk—expressmg qonorncrease) of HS-tk—expressing T cells were administered in the abseng@ of
T cells with or without GCV could also contribute to preventing Ofefractory GVHD in prior patients included in the protocol. The startingy
treating GVHD associated with the use of donor lymphocytes f@bse level was % 16° donor CD3* GMCs/kg of recipient. This number of &
the treatment and/or prevention of tumor rel@useEpstein Barr T cells was chosen based on previous studies suggesting that the threéwold
virus—lymphoproliferative disease (EBV-LPE). of donor T lymphocytes for GVHD in HLA-matched recipients is approx
We have established that anti-CB3IL-2—stimulated periph- mately 1x 10° clonable T cells per kg’ Because of theoretical concernsy
eral blood mononuclear cells (PBMCs) can be successfully trariat there might be an added GVHD risk with the GMCs as a result of He
duced with a retroviral vector containing thiS-tkand neomycin Period of ex vivo culture, all patients received cyclosporine from ddy &
phosphotransferasél¢oR genes (G1Tk1SvNa; Genetic Therapy(prior to t.ransplantation) to days 69-90 aft?r rapid taper.ing for GVI—@
Inc. [GTI)/Novartis, Palo Alto, CA} A 5-day GCV exposure of prophylaxis. For CMV and herpes simplex virus prophylaxis, we adminfs-

the gene-modified cells (GMCs) resulted in a greater than gggied 60 mglkg per day imrav?nous (.IV) Foscamet, N tarting at-chy :E»
specific growth inhibition. GCV is effective at killing GMCs in followed by 200 mg oral acyclovir for 4 times a day starting between day 20

it t trati f d in vivo during GCV treat tf and 30 We initiated 5 mg/kg GCV treatment twice a day in the case §f
vitro at concentrations found In vivo during reatmen OEuspected or proven systemic CMV infection, biopsy-proven acute GVED

cytomegalovirus (CMV) infectiod> Gene-modified T cells are ¢,ssified greater than grade | (@ksberg classification), or extensives
alloreactive with persisting GCV sensitivity. Culture of the GMCgpronic GVHD. Grade | acute GVHD was not treated. Glucocorticol
for 2-4 weeks, as well as transduced HUT-78 (CDZ%-cell treatment (2 mg/kg per day methylprednisolone) was added to the GCV in
lymphoma cell line) for several months, suggests satisfactoie absence of response or in the presence of grade Ill to IV acute GVHD.
stability of HS-tk expression over time. GCV-induced growtistudy end points included toxicity of GMC infusion as well as in vivo
inhibition of primary T cells is not associated with a bystandegurvival and GCV sensitivity of the GMCs. Presently, patient accrual is
effect. Only T cells expressing HS-tk are killed. Lastly, transduceterrupted because of clinical-grade retroviral vector unavailability.
T lymphocytes maintain their functional activity and GCV sensitiv-
ity after cryopreservation. Retroviral vector

We are conducting a phase I/ll study involving the use of
HS-tk—expressing donor T cells in conjunction with a TCD BMT. GlTlevN.a is a.retroviral vecFor derived from the Molor.1ey murine
The primary objectives of our study are to evaluate the safety af§§kemia virus. This vector contains &iS-tkgene cDNA transcribed from
toxicity of the GMCs administered in conjunction with a T—Cell—the V|raI'LTR and 'a pactgnal neomycin resistande@R gene transcribed

. . .__from an internal simian virus 40 (SV40) early promoter (LTR/HS-tk/SV40-

depleted allogeneic marrow graft, the survival and func‘uonﬁf . " . :

e . . R) in a G1 vector backbone (GTI/Novartis, Gaithersburg, MD) (Figure
capabilities of the GMCs in p?r'pheral blood, an,d th,e eff,eCts (1A). This G1-based vector has been modified for increased safety by
GC_V. treatment on GMC survival. Secondary objectives 'ndu_dzﬂteration of the gag start codon and by elimination of viral sequences
defining the effects of the GMCs on GVHD occurrence, severityeeded for the formation of the virus. The vector construct was transfected
and response to GCV treatment. We report the results concernjfng the PA317 packaging cell line. The GITKSVNa cells were selected in
the first 12 patients given donor CD&MCs with a TCD marrow G418 and cloned. Both vector and producer cell line have been previously
graft from a human leukocyte antigen (HLA)—identical sibling.  described in detai?

neoslq
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Table 1. Patients, engraftment, GVHD occurrence, and response to GCV treatment and outcome

GVHD after infusion of GMC

Patient Clinical status at Onset
no. Age,y Diagnosis time of BMT Engraftment date Grade Response Outcome
1 47 HG B-cell lymphoma; Sensitive relapse Yes D31 I CR GCV Death D91, cerebral
prior autologous BMT alone toxoplasmosis
2 43 Ph *ALL CR1 Yes — — — Death D129, ALL relapse
3 38 HG B-cell lymphoma Refractory relapse Yes D15 1] CR GCV Death D106, refractory
alone lymphoma
4 49 Myelodysplasia Refractory Yes — — — Death D38, posttraumatic
cerebral hemorrhage
5 52 HG B-cell lymphoma CR2 Yes — — — Death D72, EBV-LPD + lung
aspergillosis
6 41 CML CcP Yes D20 1l CRGCV + Alive 34 months +, CR
steroids
7 51 Ph *ALL CR1 Yes, late — — — Alive 34 months +, CRT
graft failure*
8 43 CML CP Yes — — — Alive 29 months +, CR
9 43 CML CP Yes D135 — CR GCV Alive 31 months +, CR§
CGVHD alonet
10 46 CML CP Yes, late graft — — — Death D159, EBV-lymphomal|
failure||
11 49 HG B-cell lymphoma Refractory Yes — — — Death D252, acute GVHDY
12 55 Waldenstrom disease Refractory Yes D40 1# CR GCV Death D300, sepsis

alone

HG indicates high grade; D, day; CR, complete remission; ALL, acute lymphoblastic leukemia; CML, chronic myelogenous leukemia; CP, chronic phase; and CGVHD,
chronic GVHD.

*Second allogeneic transplantation from the same donor (ATG conditioning regimen, unmanipulated BMT) on day 301 because of late graft failure.

Tintermittent presence of amino bcr/abl mRNA transcript in PBMCs.

FConcomitant Ig infusion.

§Chronic GVHD after nongene-modified donor lymphocyte infusion for cytogenetic relapse 2 years after transplantation.

||ISecond allogeneic transplantation (cyclosphosphamide plus ATG conditioning regimen, unmanipulated G-CSF—mobilized peripheral blood graft) on day 152 because of
late graft failure.

fIRefractory grade IV acute GVHD after infusion of non—gene-modified donor lymphocyte infusion for lymphoma relapse.

#GCV treatment of grade | acute GVHD because of a concomitant CMV lung infection.

£9/1/26/pd-ajo1e/po0|q /30U sUONEINgNdYSE/:dlIY WO} Papeojumod

Preparation of the GMCs 37°C and 5% carbon dioxide (Gfor 3 days in the presence of 10 ng/m

Preparation of the HS-tk—expressing donor T cells has been describe: 6%3 MAB/OKT-3 (Janssen-Cilag, Levallois, France) and 500 U/mL IL

; ) . ; hiron, Emeryville, CA).
detail elsewheré® Briefly, generation of the GMCs required a 12-da T - . .
. Srietly, . q y Retroviral-mediated PBMC transduction (step 2Activated cells
culture (Figure 1B) involving the following 5 steps.

PBMC isolation and activation (step 1)We collected 150-300 mL yvere t‘hentr.ansferred to the retroviral \{ector—containing medium (multiplgz—
peripheral blood from the HSC donor. PBMCs were then isolated Hfy Of infection of 3) supplemented with 1000 U/mL IL-2 plusj&g/mL
centrifugation over Ficoll (Pharmacia-Biotech, Uppsala, Sweden) aRfotamine sulfate (Choay, Gentilly, France) and cultured at 37°C and §%
washed before being transferred into a LifeCell bag (Baxter) containirfg2 for 24 hours. A cell aliquot was cultured in parallel in CM with IL-2%
culture media (CM) comprising Roswell Park Memorial Institute mediunithout the retroviral vector (nontransduced control cells).

(RPMI 1640) with 25 mmol/L 4-(2-Hydroxyethyl)-1-piperazineethanesulfo- ~ Cell washing and resting period (step 3pt day 4, the cells were g
nic acid (HEPES), penicillin, and streptomycin (Biowhittaker, Vervierswashed and further cultured in fresh CM with 500 U/mL IL-2 for ag
Belgium) in addition to 5% to 10% autologous or allogeneic seruradditional 24 hours.
(ETS-Franche-ComteéBesanon, France). The cells were then cultured at  Selection of transduced cells (step 4Jhe cells were subsequently

6 Aq JBE1'€9/0v2049) /

unr 8o

e

Table 2. Marrow graft and GMC characteristics

HS-tk* cells, X 105/kg

Patient Residual marrow

no. Marrow manipulation CD34*, x 10%/kg (HS-tk~), CD3* x 10%/kg CD3 CD4 CcD8 CD56
1 CD2 + 7mAb + C 1.3 2.33 2 0.8 1.4 0.4
2 CD2 +7mAb +C 0.55 0.64 2 1 15 0.5
3 CD2 + 7mAb + C 0.84 0.38 2 0.8 1.2 0
4 CD2 + 7mAb + C 1.75 1.57 2 0.9 1.2 0.4
5 CD2 + 7mAb + C 3.05 NA 2 1.1 1 0.3
6 CD2,7 + 19 mAb + C NA NA 6 3.8 NA 0.3
7 CD2,7 + 19 mAb + C 3.4 2.36 6 3.2 3.4 2.8
8 CD34* selection 3.95 0.37 6 1.9 4.5 0.9
9 CD2,7 + 19 mAb + C 0.81 0.29 6 25 4 1.8

10 CD2,7 + 19 mAb + C 1.63 1.05 6 25 3.4 0.6

11 CD2,7 +19mAb + C 1.38 0.98 20 9.4 9.8 2.9

12 CD2,7 + 20 mAb + C 1.88 0.05 20 15.7 4.7 2.9

C indicates complement; NA, not available.
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5 ¥ The presence of circulating RCRs was assessed on peripheral blood
leukocytes by either PCR or a vector rescue culture 8ssapaseline and
every 3 months for the first year, then yearly. In the case of PCR positivity,

B Dpo-D3 D3-D4 D4-D5 DSeeeeeoroeee>DI2. - DI2 confirmation of RCR presence by a culture assay was required. All samples
were negative either by PCR or culture assay. In addition, a cocultivation of

peripheral blood leukocytes withlus dunnicells and retrovirus detection

by feline S'L~ (PG4) assay was performed in the 3 patients who developed

Figure 1. G1Tk1SvNa vector and preparation of the HS-tk—expressing T cells. EBV-LPD (Q-one Biotech). RCR was not detected.
G1TK1SvNA vector (A) and steps for GMC preparation (B). MSV indicates Moloney
sarcoma virus; LTR, long terminal repeat; MLV, Moloney leukemia virus.

v

Anti-CD3 + IL-2  Transduction Resting G418 sclection Cryopreservation

In vitro and in vivo detection and quantification of GMCs

cultured in CM containing 500 U/mL IL-2 and 8Q0y/mL G418 (Sigma, For in vitro and in vivo quantification of GMCs, we developed a
Saint Quentin Fallavier, France) from days 5-12. An aliquot of transduc&@mpetitive PCR assay for thiéeoRgene based on coamplification of an
cells was cultured in parallel without G418 (transduced-unselected celléfternal homologous competitor with the wild-type DNA, which was
Other controls included non-transduced-selected cells (positive control ftracted from cultured cells or PBME%We engineered, by mutagenesis
G418 toxicity) and non-transduced—unselected cells cultured in parallelR¢R. @ plasmid construct with d-Bnd 30 base pair (bp)-deletéteoR
CM plus IL-2 with or without G418, respectively. DNA sequence. The primers used to amplify a part of the wild-fypeR
Dead cell removal and cryopreservation of the GMCs (step B).day ~ 9ene as well as théleoR competitor were: Fam-Rmi3 [44]:'G-am-
12, dead cells were removed by centrifugation over Ficoll. Viable cells weféGTGGAGAGGCTATTCGGCTATGA-3 and Rml4 [467]: 5TCCTGA-
washed twice and cryopreserved in 4% human albumin (LFB, Les Ulli§ CGACAAGACCGGCTTCG-3. The numbers in brackets represent thg
France) and 8% to 10% DMSO (Braun Medical, Boulogne, France) befdgpgsition at which each primer sequence begins with respect to the start
being stored in liquid nitrogen until clinical use. The cost estimation fofodon. The sense primer was labeled with the 6-Fam fluorescent dyé in
GMC preparation (excluding costs related to viral supernatant producti8ffler to label the PCR products. Each|5DPCR reaction contained, in as

=

and testing) is $4000 per dorfr. final concentration, 1.5 mmol/L magnesium dichloride (MgCL wmol/L g
of each PCR primer, and 0.5TaqDNA polymerase (Eurogentec, Serain
Belgium) and was performed in a PTC 200 thermocycler (MJ Reseaigh,
Quiality-control of the GMCs Watertown, MA). Amplification profile was 3 minutes at 94°C followed bg
cycles of 1 minute at 94°C, 1.5 minutes at 60°C, 1 minute at 72°C, ana a
final extension of 5 minutes at 72°C. The PCR was stopped during 81e
predetermined exponential phase of the reaction.

ojumoq

e

GCV sensitivity of GMCs was evaluated as previously descibéy
hydrogen 3 §H)-thymidine incorporation3HdT, 0.037 MBq [1.Ci] per
well; specific activity, 7.4< 10'° Bg/mmol [2 Ci/mmol]) (Amersham, Les

For each sample quantification, a large scale of known serial d||ut|on%of
Ulis, France) after a 10-day culture in the presence of 500 U/mL IL-2 W't{he competitor DNA was added to a constant amount of target Dl\wg(l g
or without GCV. The assay was considered positive if the inhibition of the

genom|c DNA). The second quantification was performed with a m(%e
GMCs by 1ug/mL GCV was greater than 80%. restricted interval of standard concentrations. Fluorescent dye—labeled QCR
products (423 bp and 393 bp in length for the wild-type and standard DN}\,
respectively) were separated on 6% acrylamide-urea gel electrophoress on
a 373A DNA sequencer, and fluorescence intensity was analyzed with §72
IL-2 dependence After dead cell removal on day 12, a small fraction of theGenescan Software (Applied Biosystems, Foster City, CA). A regressmn
GMCs were not cryopreserved and further cultured in CM in the presengge was designed for each competition assay with 3 or 4 determlnatlongby
or absence of 500 U/mL IL-2. Cell growth was assessed until compleffotting the log of the ratio (R) of amplified products against the log of tige
death of cultured cells without IL-2. initial number of standard molecules added into the PCR reaction. he
Cell phenotype.Cells were stained with CD3-FITC (fluorescein isothio-original number of target molecules in the sample before amplificatign
cyanate), CD4-FITC, CD8-PE (phycoerythrin), and CD56-PE mAb (Begorresponds to the intersection point of the regression curve and ghe
ton Dickinson, Le Pont de Claix, France) and analyzed by flow cytometghscissa axis where logR 0, so R= 1 (target equals standard sequence@
using a fluorescence-activated cell sorter, FACScan, and CellQuest progretie equation of the regression line and its regression coefficient w@re

Quantification of gene-modified cells

(both from Becton Dickinson). determined. A regression coefficient of greater than 0.9 was reqwredﬂor
Cell viability. Cell viability was assessed on cultured cells or on frozegach quantification. The assay was validated by quantification of a blinded
cells after thawing by the trypan blue dye exclusion assay. panel of 7 dilutions of transduced cells in untransduced cells. All the

Monitoring for mycoplasma contaminationMycoplasmacontamina-  transduced cells (provided by GTI) derived from a cell line containing only
tion was assessed by polymerase chain reaction (PCR) with the useoné proviral copy of the gene, as determined by insertion site Southern blot
mycoplasmaroup-specific primers and by enzyme-linked immunosorbeinalysis!® In all cases, calculation of the percentage of GMCs was made
assay (ELISA) (Boehringer Mannheim, Meylan, France). assuming one transgene copy per GRA&8

Sterility controls and endotoxin levelsStandard sterility controls were A semiquantitative PCR assay was used in some instances to assess for
performed on the culture supernatant. Endotoxin levels were determirtae presence of GMCs among PBL or in skin biopsies. For negative first-run
using a Limulus Amoebocyte Lysate assay (Euromedex, SouffelweyergeoRPCR samples, we designed a nested pair of primers: Rml5 [103]:
heim, France). 5'-GCCGTGTTCCGGCTGTCAGC-3and Rml6 [432]: 5 GCTTGGTG-

Screening for replication competent recombinant&MCs and culture  GTCGAATGGGC-3. The second run dfleoRPCR was performed, using
supernatant were screened for replication competent recombinants (RCRgL of the first-run PCR products, with the same conditions as described
both by biological assays and by PCRus dunniamplification assay$ above. The sensitivity of this nested PCR, determined by amplification of
were performed by Q-one Biotech (Glasgow, Scotland) or by GTdiluted positive DNA, was 1CP. Briefly, DNA from the packaging cell line
(Gaithersburg, MD¥? RCR detection by PCR involved both the detectiorwas diluted and amplified by PCR using the same conditions as described
of a sequence of the amphotropic envelope gene (adapted from Dunbaaitedve. PCR products were analyzed on agarose gels, Southern blotted, and
al?®and previously describé and the detection of a putative recombinantybridized with a radio-labeled oligomeric-specific NeoR probe: [101]:
sequence, as predicted from homologous recombination of'therfions 5-TGACAGCCGGAACACGGC-3. Hybridization levels from samples
of the vector and helper sequences present in the packaging édill. were quantified by comparing the sample signal with the diluted cell line
samples were negative for RCRs. DNA PCR signals.
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Pathology months after BMT, respectively) with severe pancytopenia, which

Skin biopsies were obtained from all patients, and a salivary glar{gquwed the infusion of a second unmodified HSC 9""“ from the

biopsy was obtained from patient No. 9, who had suspected GVHSame donor. Both of these second grafts resulted in long-lasting
Biopsy specimens were fixed in 10% formaldehyde or Bouin fixativ&lonor engraftment.

embedded in paraffin, and stained with hematoxylin-eosin-soffron for ) e . .

microscopic examination. Histological changes were graded accordiR&tecnon and quantification of circulating GMCs

7
to Lerner et af After administration, circulating GMCs could be detected in vivo

as early as one hour after infusion and for periods of more than one
year in evaluable patients. Circulating GMCs were found in all 12

Results patients early after transplantation. At time of analysis, 11 of 12
‘ o patients were evaluable for GMC detection 2 months after transplan-
Preparation and characteristics of TK  * cells tation; 7 patients were evaluable 4 months after transplantation; 5

All GMC preparations met the microbiological quality Controlpatlents at 6 months; and 4 patients at more than 12 months. Two

criteria (eg, sterility and absence of RCRs). Functional armonths after transplantation, circulating GMCs could be found in
phenotypical quality control criteria are reported in Table 3. A0 of 11 patients. The patient (No. 6) without detectable GMCs at

median transduction efficiency (before G418 selection) of 8.3%jly 60 had very.I(.)w levels of circulating GMCs early after BMT
(range, 1.5% to 19.7%), combined with the anti-CB3.-2— and before receiving GCV at day 20 for acute GVHD. Unforty-

induced in vitro cell proliferation, resulted in 6.1 more GMCé‘ately’ guantification data were not available for 3 patients (Nosg2,

(range, 1.5-15.4 GMCs) at day 12 than PBMCs at input (day (ﬁ: and 4) because of an insufficient amount of stored bioloéi-
Amajority of the GMCs were T cells (median, 90.5 cells; rangé;a! material. _ _ _ 2
71.4-97.2 cells) with a significant fraction of CDSatural __Interestingly, an early increase in the number of circulatisg
killer (NK) cells (median, 13.0 cells; range, 4-45 cells) (Tabl&MCs was observed, at which time GMCs comprised a substargial
2). Within the T cells the fraction of CD4and CD8 varied fraction of circulating lymphocytes, before a subsequent progrgs-
significantly, with a median 39.8% CD4(range, 28.3% to Sive decrease in the fraction and absolute number of circulating
76.4%) and 52.5% CD8 (range, 23% to 67.4%). Median GMCs over time (Figure 2). An estimate of the total number §f
inhibition of GMCs by 1ug/mL GCV was 87.0% (range, 80% to Circulating GMCs early after BMT suggests that these cefs
93%). Over the same time period, GMC preparation failure w&xpanded in vivo after BMT, with a maximum number
observed twice in 2 additional donors due to inadequate G4¢#culating GMCs between day 20 and 35 before progressivgly

selection of GMCs in one case and low transduction efficien@gcreasing, at least within the circulating compartment. Using ghe

in the second case. assumption that 2% of the total pool of lymphocytes are circulat@g
in the blood?® maximum in vivo circulating GMC expansiorng
GMC administration varied significantly from one patient to another, with a 2-fold ®

. ) . . __more than 1200-fold cell expansion (median, 62-fold). The pati@nt
Administration of GMCs was associated with no acute toxmlthith the highest in vivo GMC expansion was diagnosed wi§1

The number of CD3T cells within the GMCs and infused with the ca\/ | o5 5 \veeks later. In all evaluable patients, the number ®f

marrow graft was X 10 cells per reC|p|ent.kg for the first 5 GMCs decreased progressively in the blood. However, circulat%g
patients, 6x 10° cells per kg.for the next 5 patients, af‘d 200 . G(%/ICS continued to be detectable in all patients who weéte
cells per kg for the last 2 patients (Table 1). Three patients receivedl | =ble for more than one year after adoptive transfer Imgg)r-
a second GMC infusion; 2 patients (Nos. 1 and 5) received GMCs )

0 ueal EBVAPD (¢ 10 D3 cells per kg at day 49 and il B2 SROneer B LTS 2O B B
1.7X 1 cells per kg at day 62, respectively). Patient No. 7

allografted for Ph acute lymphocytic leukemia (ALL), received among cwculgtmg Iymphocytes as well as an mcre_aseq absc_)‘;ﬁlte
5.7x 10° CD3* cells per kg at day 133 because of mixe umber of circulating GMCs. Such an increase in circulatigg

chimerism associated with the recurrence of a bcr/abl transcri MCS at the_ time of GVHD occurrence was observed in %l
(PCR) in PBMCs. valuable patients.
Effect of GCV treatment on the number of circulating GMCs

Engraftment

» ) ) Six patients (50%) received GCV treatment. Five patients (Nos.
Inlt[al engraftment was demon;trated in all patlent.s. However,12, 3, 6,9, and 11) received GCV treatment for greater than grade
patients (Nos. 7 and 10) experienced late graft failure (10 andI 4 cute (n=4) or chronic (n=1) GVHD. Patient No. 11
received GCV for refractory GVHD after infusion of unmanipu-
lated donor lymphocytes at day 205 because of tumor relapse
(B-cell lymphoma). Patient No. 12 was treated with GCV for

Table 3. Gene-modified cell characteristics

Observed Observed ! X A )
Expected values, values, CMYV lung infection associated with grade | acute GVHD. As
Control value median range detailed in Table 4, the fraction of GMCs among circulating
Transduction efficiency — 83 15-19.7 lymphocytes at the time of GVHD diagnosis and initiation of
before G418 selection, % GCV varied widely. In all evaluable cases, GCV treatment
Viability after thawing, % > 60 774 60-92 significantly reduced the percentage and absolute number of
Ratio, GMC/PBMC input - 6.1 15154  GMCs among circulating lymphocytes, with a mean decrease of
GCVinhibition, % > 80 87 80-93 92 7% (range, 85% to 98.1%;=n 4) and 85.3% (range, 75.8%
CD3* cells, % > 50 90.5 71.4-97.2

t0 99.7%; n= 3), respectively (Table 3). As detailed in Figure 3,
The expected value indicates the quality control criteria. the decrease in the percentage of circulating GMCs occurred
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progressively over a 2-week period. Importantly, GCV treaexpression. With the exception of patient No. 6, who had low
ment resulted in a similar decrease in circulating GMCs soaronquantifiable levels of circulating GMCs, GCV treatment was
after transplantation as well as later (3-8 months after transplaassociated with the subsequent persistence of circulating GMCs,
tation). This constant susceptibility suggests stat&tkgene albeit at a low level.
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GVHD occurrence and outcome

Following BMT and GMC infusion, 3 patients developed greater
than grade | acute GVHD, and one patient developed extensive
chronic GVHD (Table 1). Two patients (Nos. 1 and 6) developed
grade Il acute GVHD involving the skin at days 31 and 20,
respectively; patient No. 3 developed grade Ill GVHD involving
both skin and liver. Skin biopsy confirmed the diagnosis of acute
GVHD in all cases. All patients were receiving cyclosporine for
GVHD prophylaxis. GCV treatment was initiated as the only
treatment in all cases and was associated with a CR in 3 of the 4
patients. Improvement in the acute GVHD skin lesions of respond-
ing patients was observed 24-48 hours after GCV initiation, with a
CR occurring within one week. Bilirubin levels in the patient witg
grade lll GVHD returned to normal levels with slower kinetic§
within 3 weeks. In the nonresponding patient (No. 6), skin lesiogis
remained unmodified after 3 days of GCV treatment. The sub3e-
quent addition of a glucocorticoid (2 mg/kg methylprednisolong)
resulted in rapid CR. Unfortunately, lack of biological materi%l
prevented the quantification of circulating GMCs in this last patight
at the time of GVHD. However, semiquantitative PCR suggeste(ﬁ){ a
very low fraction of GMCs before GCV treatment and a disappegt-
ance of identifiable GMCs after GCV. Patient No. 9 developé&d
extensive chronic GVHD with biopsy-proven skin (Iichenoi§
GVHD) and salivary gland involvement at day 134. The patiet
was not taking cyclosporine. GVHD was treated by GCV alone fr
5 days. Six days after GCV initiation, a significant reduction in t@e
cutaneous lesions, as well as the disappearance of the sfca
syndrome, were observed. Concomitant treatment included a
one-time dose of 400 mg/kg IV immunoglobulin for hypogammé—
globulinemia. Three weeks later, at a time when chronic GVI—E!)
lesions had disappeared, the patient developed extensive depiggen-
tation. Vitiligo was confirmed by skin biopsy. There were no sigﬁs
of chronic lichenoid GVHD observed. PCR for the presence of
GMCs in the skin was negativé. DS

EBV-induced lymphoproliferative disease

0 Uo }sanb

Three patients developed EBV-LPD. Patient No. 1 developgd
diffuse EBV-lymphoma at day 45 (2 weeks after GCV—sensiti\ge
acute GVHD). Interruption of CSA and reinfusion of GMG

(2 X 10° CD3" cells per kg) resulted in achieving a CR. Unfertu
nately, the patient subsequently died of a cerebral toxoplasmosis.
Patient No. 5 was diagnosed with polyclonal EBV-LDP at day 60
and died at day 72. Autopsy revealed the concomitant presence of
invasive lung aspergillosis. Lastly, a third patient (No. 10) devel-
oped a lethal EBV-lymphoma 4 weeks after a second transplanta-
tion from the same donor. The second transplantation (granulocyte
colony-stimulating factor [G-CSF] mobilized unmanipulated periph-
eral blood stem cells), performed on day 152 because of secondary

Figure 2. Early increase in the number of circulating GMCs observed before a
subsequent progressive decrease in the fraction and absolute number of
circulating GMCs.  Kinetics of circulating cells in patient no. 7 (A), patient no. 8 (B),
and patient no. 9 (C) with a follow-up of more than 1 year. < indicates the percentage
of GMCs among circulating lymphocytes; O, the absolute number of circulating
GMCs; and A, lymphocytes. For patient no. 9 (panel C), circulating GMCs after day
220 were still detected, but only by nested PCR (less than 105 cells); the latest date
analyzed is day 500. The fourth patient, no. 6, with a follow-up of more than 1 year
had very low (nonquantifiable) levels of circulating GMCs early after BMT before
receiving GCV for acute GVHD (D20).
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Table 4. Effect of GCV treatment on circulating GMCs

patient GCV treatment GMCs among circulating lymphocytes, % Circulating GMCs, X 10°/L
no. Diagnosis Initiation date Pre-GCV Post-GCV (d) Reduction Pre-GCV Post-GCV Reduction
1 Acute GVHD D31 0.54* 0.01* (D47) 98.1 NA NA NA
9 Chronic GVHD D134 0.1 0.015 (D146) 85 0.46 0.09 80.4
11 Acute GVHD D238t 1.28 0.083 (D245) 935 4.14 0.01 99.7
12 Acute GVHD + D40 14.86 0.82 (D56) 94.5 28.2 6.83 75.8

CMYV infection

Quantitative PCR was not performed in the 2 other patients treated by GCV (patient no. 3, acute GVHD day 15; patient no. 6, acute GVHD day 20). However,
semiquantitative PCR confirmed the presence of circulating GMCs at diagnosis of GVHD in both patients (at a very low level for patient no. 6) and a significant decrease of
GMCs associated with GCV treatment. NA indicates not available.

*Indicates the percentage of GMCs among cells after Ficoll gradient separation.

tindicates the refractory lethal GVHD after (unmanipulated) donor lymphocyte infusion.

pancytopenia, was conditioned by cyclophosphamide and antithipn of GMCs at the first 3 dose levels 10° to 2 X 10° CD3"
mocyte globulin. In all 3 cases, there was no evidence for ti@MCs/kg) was associated with no acute toxicity. Early after BMT,
presence of vector in the tumor cells or circulating RCRs. GMCs comprise a significant fraction of the circulating PBMCs
before progressively decreasing both as a percentage of the Eﬁ)tal
lymphocytes and in absolute numbers. In addition, the increasg in
Four patients are alive in CR with a follow-up of 29-38 monthshe number of circulating GMCs early after BMT clearly demOfi
Among the pa’[|ents (NOS 2 and 5- 10) who received transp|anﬁ[ates initial in vivo expan5|0n of such cells. Exact Interpreta’u&n
tions in early-stage disease, the overall survival is 4 of 7 patiengd.these findings is hampered by variables such as the phenotype of
The causes of death are listed in Table 1. circulating GMCs; their circulation pattern between blood, Iynﬁ*’-
phoid organs, and other host tissues; and the number of unmod?ed
T or NK cells provided by the marrow graft or stemming fro@
Discussion post-engraftment lymphopoiesis. A majority of the infused GM@s
are CD3 T cells. However, CD56 NK cells are also presentg
The primary objectives of this study are to evaluate the safety afmong the GMCs, and NK can constitute a high fraction gf
administrating HS-tk—expressing donor T cells in conjunction withirculating PBMCs early after BM0 Unfortunately, the limited g
a T-cell-depleted marrow graft, to study the in vivo survival andumber of GMCs available for analysis has prevented us frqm
circulation of the GMCs, and to evaluate the effects of GCV on thdentifying the T- or NK-cell phenotype of the circulating GMCs;
survival of such cells. With such objectives in mind, the studfhe development of techniques combining flow-PCR and c&ll
combines both gene-marking aspects, namely the in vivo fate @frface phenotype analy&smight, in the future, be helpful to
mature donor T cells infused with a marrow graft, and gene-therapgldress this question.
aspects, ie, the feasibility of selectively destroying donor T cells in The progressive reduction in the number of circulating GM%S
vivo in the presence of deleterious alloreactivity. Results from thmuld be due to factors related to the use of GMCs, or the reduc@:»n
first 12 patients with an HLA-identical sibling donor included incould just reflect the fate of the mature T cells infused with an H@C
the study provide valuable information with respect to feasibility ajraft. A significant fraction of the GMCs probably circulates out @‘
the approach, toxicity associated with GMC administration, ithe blood stream and into the tissues in response to various fagors
vivo survival and GCV sensitivity of such cells, and GVHD redincluding allogeneic or microbial antigens. Such cells cleady
sponse to GCV. circulate within the body, as demonstrated by the presenceiof
Gene-modified HS-tk—expressing donor T cells, meeting aiMCs in tissues such as skin, liver, lymph nodes, and brain (data
quality control criteria, can be reproducibly prepared. Administrarot shown). In addition, the increase in circulating GMCs obsen@d
both early after BMT and at the time of GVHD further substantiat8s
180 - in vivo function of such cells. A limited lifespan and/or altered
function of such cells could also contribute to the observed

Overall survival

LIEY/L

= 160
= 140 progressive reduction in the number of circulating GMCs. GMC
k> preparation required ex vivo culture for 12 days in the presence of
,.g 120 IL-2. Such a process might impair functional properties of the T
g 1 cells. In vitro, GMCs are capable of proliferating in response to
&) 80 HLA-mismatched irradiated PBMCs, albeit less strongly than
2 50 unmanipulated cells from the same dokbiPolyclonality of
S GMCs, as measured by §/-T-cell repertoire analysis (CDRS3 size
analysis by immunoscope), reveals the presence, within a mostly
X 2 preserved repertoire, of limited donor-specific “skewing” within
0 various V$ subfamilies’® Importantly, identical repertoire alter
ations are found in control-cultured untransduced donor T cells,
thus strongly suggesting that such findings result from the ex
D ays vivo culture per se and not from the transduction and/or selec-
Figure 3. Kinetics of the GCV-induced reduction of circulating GMCs. Arbitrarily, tion process.
the 100% value corresponds to the percentage of GMCs among PBMCs at day 0, the In ViVO, we have demonstrated that similarly cultured murine T

date when GCV treatment was started. Values for subsequent dates are calculated I bl f I .. id d b h
as the percent reduction of GMCs among PBMCs compared with the day 0 value. A cells are capable 0 strong a oreact|V|ty, as evidence y the

indicates patient no. 1; O, patient no. 9; [J, patient no. 11; and <, patient no. 12. occurrence of lethal acute GVHD in an allogeneic BMT model.
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However, GVHD-related mortality after administration of theesult further confirms the potential of this approach to efficiently
cultured T cells was observed later than after administration of tkkentrol acute GVHD. An additional patient with chronic GVHD
same number of fresh T cells, indicating reduced in vivo alloreaalso responded to GCV with a complete disappearance of both skin
tivity of the cultured T cells. Anumber of factors, including prior edesions and sicca syndrome. This latter patient received concomi-
vivo activation, impaired migration, and increased sensitivity ttant IV immunoglobulin because of hypogammaglobulinemia.
apoptosis (as suggested by increased Fas expression), c@ltdough this is not standard treatment for chronic GVHD and
contribute to these findings. Nevertheless, the demonstrationadthough it was only administered once, one cannot totally rule out
long-term GMC circulation confirms the prolonged life span of ahe possibility that the immunoglobulin infusion may have contrib-
least a fraction of such cells, as initially suggested by studiesed to the disappearance of the chronic GVHD lesi8r®ne
involving ADA- and NeoR-expressing autologous T cells irpatient with grade Il acute GVHD skin lesions did not respond to
ADA-deficient patient£>33In addition, our study demonstrates forGCV and had persisting lesions after 3 days of treatment. Interest-
the first time that allogeneic mature T cells infused with an HS@gly, this patient had very low nonquantifiable levels of circulating
graft can persist for more than 2 years after transplantation. SucG®ICs before GVHD occurrence, so that untransduced donor T
long-term persistence of GMCs also argues against the presencealls infused with the marrow might have significantly contributed
cytotoxic immune responses agailS§-tkand/orNeoRtransgenes, to the occurrence of GVHD. Other possible reasons for GCV
as described by Riddell et*4hnd Verzeletti et at® Indeed, such an resistance included defective HS-tk expression, as discussed above,
immune response was associated with a disappearance of deewell the possibility that specific ablation of the donor T cell
GMCs. In the latter case, BMT recipients had received repeatedused with the graft might not always be sufficient to adequatély
administration of HS-tk—expressing donor T cells late after BMT (igontrol ongoing acute GVHD. Such a possibility is furth%r
after immune restoration). In our study, GMCs were administeredibstantiated by our findings in a murine BMT model involving thee
only once, together with a TCD HSC graft, following an intensifiedise of HS-tk—expressing donor T celfsGCV treatment, initiated 5 -*
conditioning regimen and in the presence of cyclosporine. at the time of acute GVHD, significantly prevented GVHD- mducéd
GVC treatment resulted in a significant rapid reduction in théeath. However, a number of recipients still died of GVHD, th@s
number of circulating GMCs in evaluable patients. These resuksggesting that combining GCV with other treatment modalltlgs
were obtained in the absence of any chemotherapeutic agent. ftight sometimes be necessary to control ongoing GVHD. 5
reduction in the number of circulating GMCs occurred during a 10- Acute GVHD occurred in 3 of 12 patients despite the I0§/
to 15-day period, with a percentage reduction in circulating GMGwumber of gene-modified T cells infused and the use of cyclospji)r-
comparable to the 80% to 93% in vitro GCV-induced growtine after BMT. We recently reported a pilot study involving th&
inhibition of GMCs before their infusion. Importantly, GCV infusion of 2-2.5x 10° nonmodified donor T lymphocytes per k@
treatment resulted in a similar decrease in circulating GMCs botsame amount as for the first 5 patients in our protocol) with8a
early as well as late after transplantation, thus suggesting stabimilar conditioning regimen as well as a T-cell-depleted allogil’e-
HS-tk gene expression. GVC treatment did not prevent theeic graftin patients over 40 years dfdCyclosporine and steroids:
long-term persistence of very low levels (often below the threshowdere administered following BMT. Of 21 patients, 5 patients
for quantification) of circulating GMCs. Our findings differ signifi-developed greater than grade | acute GVHD, and 6 of 17 evaluable
cantly from the findings reported by Bonini ef@in 2 aspects. patients developed chronic GVHD. In addition, cyclosporine mi%t
Indeed, they observed a very rapid GCV-induced reduction in tlaéfect differently the alloreactivity of ex vivo cultured versus
number of GMCs with, in less than 8 days, a disappearance (lessnanipulated T cells. We have indeed demonstrated, in a muﬁne
than 10%) of circulating GMCs. Our findings could be explainedGVHD model, that prophylactic cyclosporine had no effect dTn
by a number of factors. GCV inhibition of HS-tk—expressing TGVHD induced by ex vivo—expanded T cells, while as expecteg:i
cells requires cell division and should therefore leave unaffectdelayed GVHD-related mortality was observed in mice recelvmg
noncycling cell$’® In addition, recent studies have shown that virafresh splenocyte®. These findings could be highly relevant wheg
LTR-driven expression of a transgenéS-tkin the present case) is considering allogeneic T-cell therapy approaches. £
dependent on the state of activation of target T ¢&l@ne could The occurrence of EBV-related LPD in 3 of 12 patients isfa
therefore postulate that nonactivated HS-tk—expressing donomiBturbing finding. EBV-LPD is a well-established complicatioE
cells could be preserved from GCV toxicity. Although unproved dbllowing allogeneic BMT*3 Patients in our protocol accumulated
the moment, such an in vivo selectivity of GCV toxicity could be ofisk factors: recipient age; intensive conditioning regimen; low
considerable clinical relevance by preserving nonactivated donofifcell dose; use of cyclosporine; and in one patient, a second
cells that could subsequently contribute to immune competentensplantation following ATG treatment. Direct involvement of
Defective expression d¢iS-tkand/or expression of a nonfunctionalthe GMCs in the occurrence of the EBV-LPD is highly unlikely. We
HS-tk transgene could also contribute to persisting circulatindid not find a vector in the tumor cells, nor did we find circulating
GMCs. Indeed, we have established that packaging cell lines, siRBRs. Lastly, the LPD was unequivocally linked to EBV in all
as G1Tk1SvNa, can produce a low level of virions containing @ses. In our previous study involving nonmodified T cells,
spliced HS-tk gene that can result, after transduction, in GCVEBV-LPD occurred in 2 of 21 patient$.The occurrence of these 3
resistant T cell§8 However, such a finding should not significantlycases of EBV-LPD clearly highlights defective immune surveil-
contribute to the differences between our data and the data fréence despite the GMC infusion. Our protocol called for starting
Bonini et all?2 as a similar HS-tk splicing also occurs in thewith the infusion of low numbers (X 10° cells per kg for the first
packaging cell line used in their stuéf/Other factors, such as the patients) of gene-modified T cells and a slow dose escalation. Low
level of HS-tk expression or the sensitivity of the PCR analysisumbers of T cells, which were also cultured ex vivo, as discussed
used for detection, might also account for the observed differencabove, almost certainly contributed to defective immunosurveil-
Nevertheless, GCV treatment was associated with a complédace and thus to the occurrence of EBV-LPD. Preliminary data
remission in 2 of 3 patients experiencing acute GVHD in th&Fom our laboratory suggest that frequency of pre-CTL precursors
absence of any other form of immunosuppressive therapy. Suchgainst EBV is indeed reduced in GMCs compared to fresh T cells.
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In an effort to reduce such a risk, a B-cell depletion was addésiquaring the alloreactive circle” (adequate engraftment, tightly
to the T-cell graft depletion. Indeed, graft B-cell depletion has be@ontrolled GVHD, enhanced GVL effect, and immune compe-
associated with a reduced EBV-LPD incideritén addition, in tence) is indeed a reasonable goal. If so, the use of such
view of the absence of uncontrolled GVHD in the first 12 patientgene-modified donor T cells could significantly contribute to
we have also significantly increased the number of infusexkpanding the use of alloreactivity as a treatment modality in
gene-modified T cells (X 107 cells per kg) as well as abandonedsettings such as unrelated and/or HLA-mismatched transplanta-
GVHD prophylaxis by cyclosporine for subsequent patientsion,! nonmyeloablative conditioning regimefs’é older recipi
Lastly, introducing a CD3/CD28 costimulation instead of CD3énts, treatment of solid tumots#® autoimmune diseasé$,or

IL-2 might reduce GMC T-cell repertoire skewifigand enhance induction of tolerance after organ transplantafiéin.
T-cell immune function (E. Robinet, unpublished data, May 2000).

Overall, we demonstrate that the use of HS-tk—expressing donor

T cells at the time of allogeneic BMT is feasible and is aSSOCiatWCknOWIedgmentS
with the absence of acute toxicity, persistent circulation of the
GMCs, and GCV-sensitive GVHD. Further studies exploring th&/e would like to thank Francis Ruscetti and Jonathan Keller for
administration of increasing numbers of suicide-expressing dortbeir important contribution to the preclinical studies as well as
T cells after transplantation are warranted to further evaluate awdll Jacob, Gerard McGarrity, Ed Otto, Zhifeng Long, Chris
confirm these early findings and to improve post-transplant inhockey, Sheila Weir, and Kerry Atkinson for their contribution to

mune competence. Such studies will hopefully demonstrate thiaé clinical trial. g
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