
transfectonS~vth a wd-type DHFR-TSfragment i9-kb 
C a  I fragment of pK300 (16)j and selecton for thym- 
dne prototrophy. The +,'A1 stran of L n?a,for was 
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rse to I neTPASEI . TPASEI was subsequenry trans- 
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HSV-TK Gene Transfer into Donor Lymphocytes 
for Control of Allogeneic Graft-Versus-Leu kemia 

Chiara Bonini, Giuliana Ferrari, Simona Verzeletti, 
Paolo Servida, Elisabetta Zappone, Luciano Ruggieri, 

Maurilio Ponzoni, Silvano Rossini, Fulvio Mavilio, 
Catia Traversari, Claudio Bordignon* 

In allogeneic bone marrow transplantation (allo-BMT), donor lymphocytes play a central 
therapeutic role in both graft-versus-leukemia (GvL) and immune reconstitution. How- 
ever, their use is limited by the risk of severe graft-versus-host disease (GvHD). Eight 
patients who relapsed or developed Epstein-Barr virus-induced lymphoma after T cell- 
depleted BMT were then treated with donor lymphocytes transduced with the herpes 
simplex virus thymidine kinase (HSV-TK) suicide gene. The transduced lymphocytes 
survived for up to 12 months, resulting in antitumor activity in five patients. Three patients 
developed GvHD, which could be effectively controlled by ganciclovir-induced elimi- 
nation of the transduced cells. These data show that genetic manipulation of donor 
lymphocytes may increase the efficacy and safety of allo-BMT and expand its application 
to a larger number of patients. 

Allogenelc hone marro\Ir transplantation is 
the treatment of choice for many hemato- 
logic malignatlcies (1, 2).  It is now recog- 
nized that the "allogeneic immune advan- 
tage," 111 addition to the effectiveness of 
high-dose chernoradiotherapy, is responsi- 
ble for the curatix-e potential of allo-BMT 
(1, 2).  Although the nature of effector cells 
has not yet been f~111y elucidated, transplan- 
tation of allogeneic bone marrow produces 
superior results compared to autologous or 
syngeneic transplants (3). Ho\vever, the 
therapeutic impact of the allogeneic advan- 
tage is limited by the risk of a potentially 
life-threatening complication, GT-HD. Se- 
vere GT-HD can he c~rcumx-ented hy the 

removal of T lymphocytes from the graft 
(2).  However, T cell depletion increases the 
incidence of disease relapse, graft rejection, 
and react~vation of endogenous viral infec- 
tions (4) .  Thus, the delayed administratiotl 
of donor lvmohocvtes has recently been , L 

used for treating leukemic relapse after allo- 
BhllT. Patients affected bv recurrence of 
chron~c  lnyelogenous leukemia, acute leu- 
kemia, lymphoma, and multiple myeloma 
after BMT could achieve comolete remis- 
sion after the infusion of donor leukocytes, 
without requiring cytoreductive cherno- 
therapy or radiotherapy (5). Other compli- 
catio~ls related to the severe immunosup- 
press~~-e status of transplanted patients, such 
as Epstein-Barr virus-induced B lvmpho- 
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which could enable their selective elimina- 
tion and abrogation of GvHD, thereby 
making marrow transplantation more effi- 
cacious, safer, and available to a larger num- 
ber of patients. 

(HSV-TK) has been successfully trans- 
ferred into various cell lines to confer ganci- 
clovir sensitivity, and its efficacy has been 
demonstrated both in vitro and in vivo (1 0- 
12). However, an absolute prerequisite for 
the efficacy of this strategy is that all infused 
donor lymphocytes carry the "suicide" gene. 
For this purpose, we devised a simple strategy 
on the basis of retroviral vector-mediated 
gene transfer and expression in transduced 
cells of a cell surface marker not expressed on 
human lymphocytes, followed by positive 
immunoselection of the transduced cells 
(13). This strategy ensures that virtually 
100% of the peripheral blood lymphocytes 
(PBLs) carry the suicide gene (1 3). 

We used a retroviral vector (SFCMM-2) 
(Fig. 1A) (1 3, 14) for the transfer and expres- 
sion into human PBLs of two genes: The first 
encodes a truncated (nonfunctional) form of 
the human low-affinity receptor for nerve 
growth factor (ALNGFR) (14); the second 
encodes the HSV-TK-NEO fusion protein 
(Fig. 1A). ALNGFR is located on the cell 
surface and allows rapid in vitro selection of 
transduced cells by the use of magnetic immu- 
nobeads. In addition, a surface marker allows 
easy ex vivo detection and characterization of 
the transduced cells by fluorescence-activated 
cell sorting (FACS) analysis (1 3). The safety 
and efficacy of this vector were extensively 
tested in vitro and in vivo in small-animal 
models (15). In this pilot clinical study, the 
proportion of transduced donor lymphocytes 
after one round of gene transfer was in the 20 
to 50% range. The proportion of transduced 
donor cells after one round of selection ranged 
between 95.0 and 99.6% (16). 

Twelve patients who experienced severe 
complication after allo-BMT for a hemato- 
logic malignancy or immunodeficiency par- 
ticipated in this study. Here we report on the 
first eight patients for whom an adequate 
follow-up is available (Table 1). For the 
treatment of leukemic relapse, SFCMM-2- 
transduced donor lymphocytes were infused 
at increasing cell doses, beginning at lo5 
cells per kilogram of body weight to a total of 
4 x lo7 cellskg. For the treatment of EBV- 
BLPD, transduced donor lymphocytes were 
infused at an initial dose of 1 x lo6 cellskg. 
The higher initial dose was necessitated by 
the rapid progression of this complication 
and was suggested by the previous clinical 
study (6). No toxicity or complication that 
could be related to the gene transfer proce- 
dure was observed in this study (1 7). 

Extensive manipulation of the cells that 
undergo ex vivo gene transfer by retroviral 
vectors could potentially modify their im- 

mune repertoire and their activation status, 
thus affecting their in vivo survival and 
function. In all but one of the patients who 
received transduced donor lymphocytes, ge- 
netically modified cells could be repeatedly 
detected in the circulation, in marrow aspi- 
rates, and in tissue biopsies (18). The pro- 
portion of transduced donor cells among 
circulating lymphocytes ranged between 
the level of detection by polymerase chain 
reaction (PCR) (lop4) and 13.4% (Fig. 
1B). At various times of followup, some 
patients had only low frequencies of circu- 
lating transduced cells, below the level of 
detection in FACS analysis. In these cases, 

ex vivo-transduced donor cells could be 
selected bv culture in the Dresence of G418 
(a neomycin analog), and selected cells ho- 
mogeneously expressed the cell surface 
marker (Fig. 1C). Additionally, the pres- 
ence of transduced donor lymphocytes in 
PBLs, BM samples, and GvHD lesion sites 
could be confirmed by PCR analysis and 
followed over time (Fig. ID). The persis- 
tence of transduced cells could still be 
detected for more than 12 months after 
the last infusion of transduced donor cells. 
Persistence of antigen-specific responses 
was also observed; in the patient treated 
for an EBV-induced lymphoma, we detect- 

Fig. 1. Ex vivo detection of * 
transduced donor lym- SFCMM-2 
~hocvtes. (A) Schematic . . 
map of ir;tegrated SF- 
CMM-2 proviral genome, 
indicating the HSVTK in- 
temal promoter (T). Solid 
boxes denote long-tetmi- 
nal repeat sequences. 
ALNGFR, modified form 
of the low-affinity receptor 
for nerve growth factor; 
TN, fusion gene encoding 
a bifunctional protein car- 
rying both HSV-TK activity 
and neomycin resistance. 
Arrows indicate transcrip- 
tion promoters. (B) FACS 
analysis for expression of 
ALNGFR on the cell sur- 
face and appropriate 
controls (Neg.) from pe- 
ripheral blood (a and b) 
and bone marrow (c) 
samples of patient 1 (a) 
and 8 (b and c). The pro- 
portion of positive cells is in- 
dicated. (C) FACS analysis 
for expression of ALNGFR 
on lymphocytes obtained 
after G418 selection of 
PELS from patient 2 and the 
appropriate control. The 
proportion of positive cells 
reported, 75.3%, is derived 
from comparison with the 
negative control and is 
underestimated because 
analysis of the sample re- 
vealed the presence of a 

0.1 1 10 103 1WO 
Neg. 

C 

a 
---C4! 

Q HSV-TK 

ALNGFR 

ALNGFR 

e* 

- d HSV-TK - 
cell population that ho- b , 
mogeneously expressed HSV-TK 
the-cell surface marker. 1 2 3 4 5  
On the x axis of (B) and 1 2 3 4  5 6  7 

(C), it is labeled as the logarithmic scale of green fluorescence. (D) (a and c) PCR analyses for the 
presence of the HSV-TK sequence on various samples from patient 8. (a) Lanes 3 to 6, peripheral 
blood samples obtained at monthly intervals beginning at day 3 from the second infusion (Fig. 3); lane 
7, bone marrow sample obtained 23 days from infusion; lanes 1 and 2, negative controls; lanes 8 and 
9, positive controls at two different levels of detection of positive cells (1 0-4 and 1 0-3, respectively). 
(c) Lanes 1 and 3, two skin biopsy samples consistent for GvHD; lanes 2 and 5, negative controls; 
lane 4, positive control. (b) PCR analysis from patient 2. Lanes 3 to 6, peripheral blood samples 
obtained at monthly intervals beginning at day 4 from the second infusion (Fig. 4); lanes 1 and 2, 
negative controls; lane 7, positive control. 
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Table I. Clncal character~st~cs of the eight patients descrbed n the text. Dsease s:atus was assessed through examinaton of marrow aspirates and b~opsy. 
cytogenetic examnation, and molecular anays~s. EBV-BLPD was deterinined by serologic data and h~stoogic evaluation as Indicated. Excuson criter~a for 
the nfuson of transduced donor lymphocytes Included the presence of aGvHD grade I or higher and CMV react~vaton requring ganc~covr treatment. This 
study was approved by the lnst~tut~onal Ethcal Coinintiee (14, 371, and a patients gave informed consent. N H L ,  non-Hodgkn lymphoma, CML, chron~c 
myeod Ieukeina; AML. acute myelod leukeina; CmML. chronc myelomonocytic leukeina; EBV-BLPD, Epsten-Barr virus-nduced B lymphoproliferat~ve 
disorder: CR. complete re:-iisson: PR, panal response: N R ,  no response: N E ,  nor evauabe 

Patient Disease Coinplicaion 
(weeks after BMn 

Frst nfuson 
!!.weeks after No, of lymphocytes Cincal infused ! X  10" cells/kg) outcoine complication) 

GvHD 

1 N H L  EBV-BLPD (771 2 1.5 
2 CML CML relapse (-28) 11 33.6 
3 CML CML relapse (-64) 192' 4.5 
4 AM L AML relapse ( + 4 )  1 3 3 
5 AML AML relapse ( -  1 i) 1 4.9 
6 CML EBV-BLPD (+5) 1 C.5 
7 AM L AML relapse 1+2i )  2 11 . I  
8 CmML CmML relapse ( + I 9  i 20.5 

'Fa:en: 3 receved cirzss urea and ~ireliercr-a sefcre the 11-~fus~cr cf traisci~ceci dzio' cells 

ed transduced cells that exhibited EBV- 
specific activity for the first time after 
administration of donor cells. The  fre- 
quency of EBV-specific cells \\.as 
-1 : lGGC, as compared to the frequency of 
1 :  13CQ that \\.as detected in the donor 
PBLs before and after ex viva vector trans- 
duction. This lei-el was achieved after ad- 
ministration of a small dose of donor cells 
(Fig. 2 and Table 1 ) .  After administration 
of ganciclovir to  treat GvHD, n-e could 

still detect this specific reactivity in the 
peripheral blood of the patient at the re- 
duced frequency of 1: 325C. N o  linear cor- 
relation was observed between the number 
of inf~ised transduced donor lymphocytes 
and persistence or detection. Rather, the 
intensit\- of antigen response and prolifera- 
tion of donor cells seemed to aifect levels of 
detection. In particular, patient 1 reached 
the leryel of 13.4Ob of p o s ~ t ~ v ~ t y  after a total 
injection of only 1C6 cellslkg to treat EBV- 

1 x 10ke l l a~kg  d 

13.4% 

Green Bluorescence 

Fig. 2. (A) C n c a  outcome of donor lymphocyte nfusions n 
a patent affected by EBV-BLPD. Patent 1 undenient a BMT 

!J ; 'vkth; 
from her HLA-dentca arid MLC-compat~ble brother for a 
hgh-grade yinohoma in second rel-iiisson. After successful 

3 
0 0 w engraftment the patent developed EBV-BLPD confirlned ny 
c u morphological exalnination of a lateroce~i~cal node b~opsy 

0 
and by n situ hybrdizaton for EBV RNA in the nuclei of the 
neoplastc cells. A inyeloasprate and a bone inarrow bopsy 

Days sho~.wed oved nf,traton of the bone marro~.kj by yinphod 
paratrabecoar nodules causng inarrow faure. The patient receved a total dose of 1 5 X 1 C%elIs~kg 
(6). In the 2 weeks after admnstraion of donor cells (arrow), a :  cinica symptoms assocated wth 
EBV-induced B cell prolferaion regressed as shown by body teinperature decrease (a). At the tme of 
regresson of cl~n~cal symptoms, a sharp Increase n PBL counts was obse~ied (b). Crcuaing trans- 
duced donor lymphocytes were allnost exclus~vely CD3+CD8 lymphocytes (>9033 of total mononu- 
clear cells froin day +10 to day +IS) ,  w~th h~gh proliferat~on index Meanwhile, a nematological 
reconsitution occurred, shown by an increase In the number of circuatng platelets !c) .  Dur~ng tr:s tme, 
marked donor cells Increased progress~vely I: the patient's peripheral blood up to i3.L33 of total 
mononuclear cells (Bi. (a1 Negative control; (b to d) three blood samples obtained at day 3. 10, and 2C 
after nfusion. The propodion of positive cells is Indicated. 

Acu-e 
Acute 
N 0 

No 
No 
No 
No 
Chro i c 

BLPD. Patient 8, who achieved similar levels 
of positivity (11.9%). did so after receiving 
an order of magnitude higher inf~ision of 
cells to treat chronic m\-elomonocytic leuke- 
mia (CmML) relapse. Other patients 1vho 
received even hicher cell doses did not reach 
si~nilar levels of positivity. As expected, vlral 
antigens \\,ere able to induce a more rapid 
and intense specific proliferation of trans- 
duced cells than le~ikemic cells ( 1  9) .  

The in vivo function of eeneticallv mod- 
ifled donor Iymphoc\-tes \;,as revealed by 
antitumor responses, immu~le reconstitu- 
tion. and alloreactivitl- (29). 111 five out of 

I , ,  

the eight patients in this series GvL was 
detected, with three complete responses 
(Table 1) .  Three patients developed 
GvHD. The vatients who achiel-ed f~ill  re- 
inission included patient 1, treated for an 
aggressive EB\'-induced I\-mphoma, and pa- 
tlent 8, treated for leukemic relapse (Figs. 2 
and 3).  These results were obtained in the 
absence of any chemotherare~itic agent. A 
third patient (patient 7 ,  Table 1 )  achieved 
f ~ i l l  relnlssioil after adm~nlstration of genet- 
icall\- modif~ecl donor lymphoc7-tes anil che- 
motherapy. Patlent 3 relapsed twlce after 
two s ~ ~ b s e i ~ ~ i e n t  allogene~c BMTs for CML 
and could be maintained in CklL chronic 
phase tor over 5 years. During this period, 
all donor cells disappeared from the marrow 
and the circulation. After the long interval 
in chronlc phase, the CML progressed to 
accelerated phase and was treated '7 the 
inf~ision of transduced donor I\-mphocytes 
(total dobe, 4.5 x 1C" cells/kg). This was 
follo\ved b\- conversion to chronic phase 
and by the reappearance of donor ch~mer-  
~ s m ,  as lnonltored by the progressive con- 
version of the hlood type from R to the 
donor type A (21) .  In this patient, the 
Increase of the donor blood t\-pe erythro- 
cytes closely followed the appearance of 
circulating transcluced donor lymphocytes. 

Thus, the t~roced~ires associated xith ex 
vivo gene transfer of the lnarkillg and thera- 
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peutlc genes by the SFCbIbI-2 vector pre- 
serl-ed the in vivo potential of allogeneic 
PBLs and their antigen-specific reacttvity. 
Additionallv. this observation n-as f~irther 
confirmed in a small series of patients In 
n~hich ~netical11- modified and unmod~fied 
donor PBLs \%-ere used. In a patlent 1111th mod- 
erate sk111 GvHD, it n7as poss~ble to determ~ne 
by lmrnu~lostaini~lg and PCR that both cell 
I ~ o p ~ ~ l a t ~ o n s  positive and negative for the cell 
sur6ace marker ALNGFR were contributine to 
the lymphocyte ulfiltrate present in the lesion 
(22). 

Two patients in thls series developed acute 
GvHD and were treated with ganciclol-~r (23) 

(Table 2). Patient 2 relapsed 6 months after 
allo-BMT and was treated b\- increasing doses 
of transduced donor cells. Marked cells could 
be detected in the peripheral blood by FACS 
analysis and PCR. After the third ~ n f ~ i s ~ o n  of 
transduced donor lymphoc\-tes (total of 1 x 
lo6 ce11sF;g). values of the patient's billrubi~l 
and liver f~~nc t ion  enzymes rapldly increased 
(Fig. 4). A liver b1ops7 revealed acute GvHD. 
and the patient was treated \vlth ga~lciclo~rlr 
(10 mg/kg per day). All transduced donor 
lymphoc\-tes and all GvHD clnlical and bio- 
chemical slg~ls then disappeared (Fig. 4 and 
Table 2) .  111 the absence of any local or sys- 
temic toxic~ty. E l~mi~~at ion  of transduced do- 

'OoO I Cytogenetic analysis 
i 

Leukocytes 

Platelets 

O / . ' .  . I ,  0 
0 100 200 300 

Days 

Fig. 3. Clncal outcome In a patient affected by chronic myelomonocytic leukemia (CmML) relapse 
treated by the infuson of donor lymphocytes. Patient 8 underwent BMT from her HLA-identical MLC- 
compatible brother but relapsed 3 months after transplant, as revealed by cyiogenetc analysis, followed 
by a decrease in peripheral blood counts and marked morphologic myelodisplastic bone marrow. The 
patient received a total of 2 x 10; cels/kg donor lymphocytes. Marked cells could be easily detected by 
FACS analysis (Fg. 15) and PCR (Fig. 1 D) in the peripheral blood (reaching a peak at 11.9% of c~rculating 
mononuclear cells) and In bone marrow (reaching a peak at 5.3%), Infusions (arrows) were followed by 
a hematological reconstitution, as shown by the Increase in the number of circulating (leukocytes and 
platelets. Bone marrow cytogenetic analyss revealed a progressive decrease in the number of host 
hematopoietic cells (shaded area), and 10O9~ donor engraftment (unshaded area) was observed after 
four infusions. 

Fig. 4. Values of b111rubin 1 5  6 6 5 5 ( X I O ~ ~ I I S I ~ ~ )  

and ver functlon en- 
zymes In patient 2 wno 
developed acute GvHD 2003 1 1 1  12 

after the ~nfuslon of g 
transduced donor lym- 2 10 

phocytes Long arrows C‘ S 
infusions of transduced O 
donor cells short arrow k 

E - - 
timlng of the liver biopsy looO 6 5 E 
periormed to detect 2 5 

acute GvHD (b~opsy) 5 4 
6 

The gray area Indicates 2 
the perod of the four In 

2 

fusons of ganc~clovir (1 0 o 0 
mgi kg per day) o l o o  200 300 

Days 

nor cells meceded norn~alization of liver en- 
zymes with s~milarly sharp kinetics (Fig. 4 and 
Table 2). Indeed, after 1 day of treatment, 
genetically rnodlfied cells decreased belotv the 
l e d  of PCR detectloll and remained 
belon- this level until a second I ~ ~ L I S I ~ I I  of 
transduced cells was admlnistered 21 days lat- 
er. Because no ~mmunosuppressive drug was 
admlnistered to this patlent, the complete 
abrogation of the severe liver GvHD could be 
attributed exclusive1~- to the expression of the 
TK transgene. Four &eks after ;he lnfusion of 
donor lymphocytes, patient 1 progressively 
developed slens of acute GvHD, confirmed by 

L u 

a skin biopsy. The Intravenous admi~llstration 
of two doses of ganciclovir (1C mg/kg) resulted 
in progresswe rapid reductio~l from 13.4% to 
below PCR detection (Table 2). The treat- 
ment was followed by the dlsappeara~lce of 
cli~llcal signs of skln GvHD. About 3 weeks 
after infusions of HSV-TK-tra~lsduced cells, 
patlent 8 presented chronlc GvHD ~nvolving 
skin, oral mucosa, and lungs. Immunohisto- 
chemical analvsis and PCR revealed the Dres- 
ence of genetiLally ~nodified cells in the hop- 
sv. This ~a t ie l l t  was then treated with ganci- 
clovir (10 mg/kg per day) for 7 days, resulting 
in ~mproveme~lt of clinical conditions and a 
decrease of GvHD slens. The correlated re- - 
duction in the proportion of circulating trans- 
duced donor cells to 2.5% was achieved in the 
first 24 hours (Table 2) .  Complete elimina- 
tion of genetically lnodlfied donor lympho- 
cytes could not be obtained despite extended 
treatment. 

Althoueh fluctuations in the numbers - 
of c~rculatlng transduced lymphocytes 
were observed at varlous tulles of follow,us, 
reduction of circulating transduced donor 
lymphocytes comparable to that described 
in these three oatients was never observed 
in any of the patients in the study in the 
absence of eanciclovir treatment. This is " 

best compared to the lack of any sponta- 
neous remissions of a grade I1 or higher of 
G v H D  111 the 258 patients treated with 
donor lymphocytes in the EBMT (Europe- 
an Bone Marrow Tra~lsn la~ l ta t io l~)  inter- 
national collaborative study (24).  

The two treated patients ~ v h o  had 
ach~eved full remission before ganciclovir 
administration remained in full remission 
after elimination of donor lymphocytes by 
ganciclovir. Thus, the transfer of the HSV- 
TK gene by the SFCMM-2 vector may pro- 
vide a tool for in vivo modulation of allo- 
reactivity and effective and specific treat- 
ment of acute GvHD in the absence of any 
immunosuppress~ve drug. 

As anticipated, no local or systemic toxic- 
ity was observed that could be related to the 
gene transfer procedure or to ganciclovir ad- 
ministration. No significant modifications of u 

the total counts of leukocytes, PBLs, natural 
killer cells, or other T cell subsets could be 
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Table 2. Effect of gancclovir treatment on elimination of genetically modified donor lymphocytes and on 
GvHD. 

Patient GvHD 
(grade) 

Propori~on of ALNGFR + PBLs (%) 
Clinical 

24 hours outcome Preganciclovir after ganciclov~r 

1 Acute skin (Ililll) 13.4 < I  0-" CR' 
2 Acute liver ( I l l )  2 . 0  < I  0-" CR+ 
8 Chronic (extended) lung, 11.9 2 . 8  PR:b 

skin. G . .  

"Complete remiss~on was revealed by cllnlcal obser'iaton of complete regression of all skn GvHD s~gns. -?Complete 
remlsslon was revealed by the d~sappearance of all phys~cal and b~ochem~cal signs of h e r  GvHD (Fig. 4 and 
text). $Partla1 remsson of the severe obstructve bronchol~t~s was revealed by phys~cal evauaton and splrometrlc 
analys~s. Amelorat~on of sk~n GvHD, but not of oral mucosa, was also observed, In oral mucosa, pers~stence of chronc 
GvHD and of genetcaly modfled cells was confrmed h~stoog~caly and by PCR, respectvely, In patient 1 and 2, gven 
the complete el~minaton of cl~n~cal sgns of aGvHD, a b~opsy ~mmed~ately after ganc,cov~r treatment was considered 
napproprlate and was not performed. However, folowup bopses performed later as part of the pallenis' mon~torng 
were consistently negatve for the presence of the transgene (PCR) and for GvHD. 

detected 111 patients who had received ganci- 
clovir treatment for GvHD. This confirms 
that lymphocytes do not produce the in vivo 
bystander effect observed in other cell types 
(1 0, 12). The  only unwanted effect observed 
in this study was a specific immune response 
to HSV-TK-NEO in one patient who had 
received genetically modified cells late after 
transplant, after return to immunocompe- 
tence (25).  The  Immune response was ex- 
pressed only to the HSV-TK-NEO fusion 
protein. N o  immunity to the cell surface 
marker ALNGFR was detected in any patient 
(25). 

This study confirms the therapeutic poten- 
tial of donor T cells in the context of allo- 
BMT (5, 6). Because it is not yet possible to 
differentiate between GvL and GvHD effec- 
tor cells and to predict which patients w71ll 
develop the more severe grade of GvHD after 
an unmodified allo-BMT (26), immunosup- 
pressive prophylaxis remains an  absolute re- 
quirement. This immunosuppression and the 
more Intense regimens associated with GvHD 
that arise despite prophylaxis significantly 
limit the benefit of allo-BMT, eliminating or 
reducing the allogenelc advantage (27). No  
specific treatment yet exists for established 
GvHD, and immunosuppressive regimens car- 
ry significant side effects and limited efficacy 
(28). In  this context, the transfer of a suicide 
gene for selective and specific elimination of 
effector cells of GvHD provides a new tool to 
combine the benefits of allo-PBLs with the 
possibility of eliminating GvHD w' 'lt h O L I ~  tox- 
ic effects. However, the extensive manipula- 
tion of the cells that undergo ex vivo gene 
transfer could potentially modify the clin~cal 
outcome oroduced bv transduced donor PBLs 

vivo gene transfer into polyclonal lympho- 
cytes (29). Because the mechanisms underly- 
ing GvHD, GvL, and antiviral responses are 
likely to be different and to involve different 
effector cells, the oreservation of an  intact 
immune repertoire as well as all functional 
properties in transduced PBLs is of crucial 
relevance. W e  propose that optimal effects 
achieved were attributable to the rapid posi- 
tive selection system for transduced cells al- 
lowed by the cell surface marker (13). Ganci- 
clovir-mediated elimination of HSV-TK- 
transduced cells was efficacious in the pres- 
ence of acute GvHD. In only one case of 
chronic GvHD was eanciclovir treatment not " 

fully effective. Transduced cells isolated ex 
v ~ v o  from this ~ a t i e n t  showed unmodified 
sensitivity to ganciclovir, suggesting that in 
vivo resistance could indeed be due to the 
activation state of the ~eneticallv modified - 
lymphocytes. This is supported by the well- 
known cell replication-dependent activlty of 
HSV-TK (30). If confirmed in extended clin- 
ical studies, these results will expand the 
number of candidate patlents benefiting from 
T lymphocyte-depleted allo-BMT, by allow- 
ing the use of less-compatible marrow donors. 
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Dealing with Database Explosion: 
A Cautionary Note 

C a r o l  J.  Bult ei al. ( 1 )  report the  first entire assignments were conservative (1 ,  2),  we 
archea genome sequence of Meihanococcus anticipated that much interesting biological 
janlzaschii (Mja). Because the  initial gene information n.ould be missing. W e  searched 

Table 1. New ORFs In M jannaschii (Mja) dent~f~ed on the bass  of s~m~lar~ty ORFs were dentfled after 
purglng out prote~n codng reglons reported for the organsm ( 7 )  and searched usng BLASTX aga~nst 
the comb~ned Sw~ssProt+PIR+Genbank translat~ons database through the NCBl Network BLAST 
server usng a score cutoff of 60 as  descr~bed prev~ously (6) Correspond~ng matchlng prote~n matchng 
speces-n/lethanococcus vannielii (Mva) Bacillus subtilis (Bsu) Haemophilus iniiuenzae (Hn)-5' start 
poston + or - strand length of the ORF In amno ac~ds  (AA), 5' to 3 fankng ORFs and the Posson 
probab~l~ty est~mates are prov~ded for each ORF Other detals a v a a b e  at www golg~ harvard edul 
bhat~a/neworfs/mja/tablel html 

ORF Matching proten Matchlng Start 5, Length Flank~ng ORFs 

specles (MI 58 38 P 

305 R~bosoma proten 51 4 
Yqgp proten 
Amdo phosphorlbosy transferase 
Unknown 
Asparag~ne synthetase 
Mod~fcaton methylase 
Modlfcat~on methylase HlNCI 
Hellcase 
Unknown 

Mva 
Bsu 
Mia 
Mia 
Bsu 
Mia 
Hln 
Bsu 
Mia 

Table 2. dent~fcation of potenta frameshft(s) by smar ty .  Hghly sgnificant BLAST matches, of s~mlar 
genes in alternative cod~ng frames, were cassifed as frameshfts. manually assembled. and confirmed. 
Effect of the frameshft (extension or truncaton) and length of the ORF as  a result of the frameshift are 
also provided. MI0 through MI4 have suffered a s~ngle frameshift event, wh~le MI5 has apparently 
undergone a second frameshft. Other detals ava~labe at www.golgi.harvard.edu/bhat~aneworis/mja 
table2.html 

ORF Matching prote~n Matchng Stari 5, Length 
specles (M) Effect Length 

(MI 

MI 0 Restr~ct~on mod~f~cat~on enzyme Mja 128577- 359 extens~on 583 I 0-93 
subun~t MI 

MI 1 Transposase Mja 276289+ 91 truncat~on 38 
MI 2 Polyferredox~n Mja 457630- 410 extens~on 567 10-*" 
MI3 Unknown Mja 14344- 72 truncaton 16 1 0-35 
MI4 Unknown Mja 202169- 177 truncaton 50 lo-" 
MI5 Unknown Mja 809431 + 32 extenson 131 10-" 

the  database for additional open reading 
fraines (ORFs), and found 15 ORFs: four 
within intergenic regions ( M  1 through M4, 
Table 1);  five overlapping with previously 
~dentified ORFs ( 1 ,  2) but that read off in  a 
different frame (1~15 through M9, Table 1);  
and six that are extended or truncated as a 
result of potential frameshifts ( M I 0  through 
M15, Table 2). 

Al though the  potential frameshifts we 
describe miuht be bona fide. it cannot  be c7 

ruled out  that  they represent actual se- 
quencing artifacts. Erroneous sequences i n  
public databases are a substantial problem 
and  have bee11 estimated to  be in  t h e  
ranee of 0.37 to 2.9 errors ver 1000 nucle- " 
o t ~ d e s  (S), making data interpretation 
sometimes difficult. This  is esneciallv true, 
for example, in  studies that  utilize protein 
and DNA seauence information to  esti- 
mate  evolutio~lary distances (4 ) .  I t  is no t  
known how the  error rate in  this study (1 )  
colnDares with error rates in  the  database. 
but a previous study suggests tha t  error 
rates ge~lerally vary between 1 i n  5000 to  
1 in  10,000 nucleoticles (5). 

T h e  issue of sequencing artifacts 1s irn- 
portant and is expected to be a continuing 
problem in the  future, considering the  
heightened surge of genome sequencing 
projects from tnodel organisms, as \veil as 
from the  human genome sequencing 
initiative. 
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