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ABSTRACT

Previous results have shown that cells can be killed by the expression
of an introduced gene encoding diphtheria toxin A-fragment (DT-A) and
that killing can be targeted using tissue-specific transcriptional regulatory
elements. Here, we describe expression plasmids containing the DT-A
gene linked with promoters and enhancers from immunoglobulin heavy
chain or Â«-lightchain genes. When these plasmids were transfected into
cultured cells, DT-A was expressed in B-lymphoid cells but not detectably
in HeLa cells or fÃ¬broblasts.A high specificity for B-cells was confirmed
by assaying for luciferase reporter gene expression from a plasmid
containing an analogous combination of immunoglobulin heavy chain
regulatory elements. A plasmid containing an immunoglobulin-* promoter
and enhancer was substantially less active in expressing DT-A in a pre-
B-cell line than in B-lymphoma cells, suggesting the possibility of tar
geting DT-A expression to mature, malignant B-cells while sparing
normal B-cell progenitors. By means of viral delivery vehicles, the
constructs described might be applied in gene therapy for B-cell leuke-
mias or lymphomas.

INTRODUCTION

The targeted expression of a toxin gene represents a poten
tially powerful, novel approach to cancer therapy (1). Cell
suicide by expression of the coding sequence for the diphtheria
toxin A polypeptide has been demonstrated in cell culture (1,
2) and in animals (2-4). Targeting of expression may be
achieved by linking the DT-A1 gene with tissue-specific tran

scriptional regulatory elements (promoters and enhancers). Re
sults with transgenic mice have shown that highly specific tissue
ablation can be achieved by the controlled expression of DT-A
(2-4) or ricin A chain (5), despite the extreme toxicity of these
molecules when introduced into cells (6, 7).

The enhancers and promoters of the immunoglobulin heavy
chain and K-light chain genes are, at least in part, responsible
for efficient and specific expression of these genes in B-lymph
oid cells (8-13). It might, therefore, be possible to use these
regulatory elements for targeting toxin gene expression in the
therapy of B-cell neoplasias, especially if means could be devised
for sparing a fraction of normal B-cells or their progenitors.
We previously reported the construction of a DT-A expression
plasmid, pTH3, which showed preferential expression in B-
cells (1). pTH3 was derived from our prototype DT-A expres
sion plasmid, pTHl, by the insertion of an Ig heavy chain
enhancer (1, 10). Here, we report the effects of replacing the
original metallothionein promoter by Ig promoters and of in-
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serting additional Ig enhancer elements. These modifications
led to markedly improved B-cell specificity of DT-A expression.

MATERIALS AND METHODS

DT-A Plasmid Constructions. Standard cloning methods were used
(14), and plasmids, grown in Escherichia coli strain HB101, were
isolated as described (1). The construction of pTHl, pTHl-X, and
pTH3 has been described (1, 3). pTHl-H and pTH3-H were generated
by insertion of a Hindlll linker into the Xmalll site upstream of the
metallothionein promoter in pTHl and pTH3, respectively. A promot-
erless intermediate plasmid, pTHl 1, was then constructed by replace
ment of the promoter in pTH3-H by the Hind\\\-Hinc\\ fragment from
the cloning array of pUC19. This step involved ligation of the blunt
Hindi end with a cleaved Alul site at position +67 of the metallothi
onein 5' nontranslated region. The ATG initiation codon, originally

supplied by the metallothionein (position +73), and used for DT-A
translation, was thus retained, and a unique Sphl site, together with a
nonunique Pstl site, was introduced in the pUC DNA fragment. pTHl 1
retained the Ig heavy chain enhancer present in pTH3 (Fig. 1). This
human enhancer sequence spans the elements defined as functionally
important in both the murine (14-18) and human (19) Ig heavy chain
enhancer.

The VI murine Ig heavy chain V region promoter (20, 21) was
cloned, as a ~0.6-kilobase BamHl fragment from the plasmid pVlcat,
into the BamHl site of pUC19. It was then excised with Hindlll and
Smal and was cloned between the Hindlll and Sphl sites of pTHll,
the latter site having first been blunted using T4 DNA polymerase plus
nucleoside triphosphates. Internal //in/I sites were used to confirm that
the promoter was oriented towards the DT-A gene. The resulting
plasmid was designated pTH15. The DNA sequence of the proximal
promoter region, determined by the chain termination method (Se-
quenase kit; United States Biochemical, Cleveland, OH), was in agree
ment with the published sequence (20), containing the functionally
important octamer and heptamer motifs (21). A 2.5 -kilobase Xbal
fragment from plasmid pSER.Xba.a (10), containing the human Ig
heavy chain enhancer, was cloned into the unique pUC-derived Xbal
site of pTH15 to generate pTHl7. Relative to the VI promoter, this
enhancer in pTH17 was in the orientation opposite to its natural
transcriptional orientation in the Ig heavy chain gene. When placed 5'

of a reporter gene, this enhancer was found to be more active in this
opposite orientation (10).

To block plasmid-initiated transcription, the A-trimer (22), a trimer-
ized SV40 DNA fragment containing polyadenylation signals, was
cloned as a Hindlll cassette (22) into the unique Hindlll site of pTH15,
generating pTHAlS. The A-trimer was also cloned between the 2
Hindlll sites of pTH17, replacing ~0.3 kilobases from the end of the
enhancer-containing 2.5-kilobase Xbal fragment (10), to generate
pTHA17. The orientation of the SV40 early polyadenylation signals
was the same as the transcriptional orientation of the VI promoter.

DT-A expression plasmids containing Igk light chain gene regulatory
elements were constructed as follows. Plasmid plgkTHl-X4 consists of
an Xbal-Ncol murine Ig* promoter fragment, containing an insert of
the murine IgÂ«enhancer (9), cloned between the corresponding restric
tion sites of pTHl-X (3), replacing the metallothionein promoter.
pTHA45 was generated by placing the A-trimer, oriented as above,
upstream of the K-regulatory elements. This construction used the

4 M. Breitman. unpublished observations.

4299

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/16/4299/2444597/cr0510164299.pdf by guest on 19 M

ay 2023



TOXIN GENE TARGETING TO B-CELLS

MT
Promoter

IgH Enhancer
pg

,,.., y pBR327

A

ATG

AMPr ori

Ig VH
Promoter

IgH Enhancer

IgH Enhancer

LUCIFERASE

IgH Enhancer

\\-

Ig Vk
Promoter

DT-A

Igk Enhancer

Fig. 1. Structure of plasmids expressing DT-A (or luciferase, in the case of
pLUC-A17) under the control of Ig gene regulatory elements. Structures are
represented in linear form for convenience; transfections were performed with the
covalently closed circular plasmids. In pTH3, DT-A is transcribed from the
truncated metallothionein (MT) IIA promoter described previously ( 1). The latter
was replaced by Ig promoters in the other plasmids. pTH3 contains the enhancer
from the human Ig heavy chain gene as a 279-base pair Alul fragment (I, 10). A
second copy of this enhancer is present, as a 2.2-kilobase fragment including its
normal flanking sequences, in pTHAI? and pLUC-A17. The enhancer in
pTHA45 is a 475-base pair fragment from the murine IgÂ»gene (9). The A-trimer
(17), designated A3. is included to block any transcripts initiated in bacterial
plasmid sequences. Thin line, pBR327 DNA; stippled area, SV40 DNA supplying
splicing (A) and polyadenylation (AATAAA) signals: ATG, initiation codon for
DT-A; X, A, restriction sites for A'malll and Acci.

isolated Xbal-Apal fragment containing the DT-A transcription unit
from plgkTHl-X, together with the pBR containing Apal-Hindlll
fragment from pTHl-H and the A-trimer Hindlll cassette. The down
stream Hindlll site of the latter was first converted, by filling-in and
religation, to an Nhe\ site that was cleaved and ligated with the mutually
cohesive Xbal end.

pTH16, pTH18, and pTHA46 each contains an inactivating frame-
shift mutation in the DT-A coding sequence (1) that was introduced by
filling-in and re-ligating the Acci site (35 codons from the DT-A NH2
terminus) in pTH15, pTH17, and pTHA45, respectively.

Luciferase Expression Plasmids. pSV2A.L-A.A5' and pSV232A.L-
A.A5' (23) are subsequently designated pSV2A-L(JC and pSV232A-

LUC, respectively. pLUCl? was constructed from pTH17 by replace
ment of the Nco\-Apa\ fragment containing the DT-A sequence by the
Hind\\\-Apa\ fragment from pSV2A-LUC containing the luciferase
coding sequence (23). The Ncol-HindlH junction was made by ligation
of blunt ends, generated by SI nuclease treatment and filling-in, re
spectively. pLUC-A 17 was then generated by insertion of the A-trimer
into pLUC17, upstream of the enhancer, as described above for
pTHAI?.

Cell Culture. The GM4025 human B-lymphoblastoid cell line was
from the Human Mutant Cell Genetic Repository, Camden, NJ. The
H929 human myeloma line (24) was obtained from American Type
Culture Collection, courtesy of Dr. A. Gazdar. The murine B-lym-
phoma cell line Ml2 (25, 26) was supplied by Dr. Huntington Potter.
The murine myeloma line MPC 11 (13, 27) was obtained from the
Whitehead Institute, Cambridge, MA. The murine pre-B-cell line 70Z/
3 was from American Type Culture Collection. HeLa cells were grown

in Dulbecco's modified Eagle's medium with 10% newborn bovine

serum. Other cells were grown in Opti-minimal essential medium
(Gibco) with 3.8% fetal bovine serum. B-Lymphoid cells were main
tained in suspension between =2 x IO4and 1.2 x IO6cells/ml.

Transient Transfections. Transfections were performed by electro-
poration (26) with a Bio-Rad GenePulser as described (28), using
mixtures of 5 M' DNA solution (in water) with 100 fi\ cell suspension
(2-5 x IO7cells/ml, in medium with 10% serum) in 0.4-cm cuvets (Bio-
Rad). In co-transfections, the DNA solutions contained 5 Â¡ig,reporter
plasmid (pSV2A-LUC), the indicated amounts of the DT-A test plas
mid, and the corresponding DT-A frameshift plasmid as "filler" to

make a total of 7 ng. Cell extracts, prepared 12-18 h after electropor-
ation, were assayed for luciferase activity as described (23, 28).

RESULTS

Fig. 1 shows the structure of the DT-A expression plasmids
that were constructed, containing Ig gene regulatory elements.
We previously reported that the plasmid pTH3 gave preferential
expression of DT-A in a B-lymphoid cell line but that there was
also substantial expression in non-B-cells (1). It seemed likely
that this was in part due to non-cell-specific transcription from
the weak, truncated metallothionein promoter present in pTH3.
Ig gene promoters have been reported to show B-cell specificity
for transcription, independently of Ig enhancers (11-13). To
determine whether replacement of the pTH3 promoter with an
Ig V region promoter would increase B-cell specificity, a cloned
functional promoter from a murine Ig heavy chain gene was
substituted for the metallothionein promoter in pTH3, gener
ating pTH15. The latter was further modified to eliminate
possible spurious expression of DT-A due to transcriptional
initiation in bacterial plasmid sequences (22). This was achieved
by cloning a trimerized SV40 DNA fragment containing the
viral polyadenylation signals just upstream of the promoter.
We previously demonstrated that this A-trimer was effective in
blocking such spurious transcripts (22). The resulting construct,
pTHAlS, was tested for its ability to express DT-A in B-cells
and non-B-cells using the transient co-transfection assay in
which the extent of inhibition of the expression of a reporter
gene from a co-transfected plasmid provides a measure of the
level of DT-A expression (1, 29). The inhibition is due to
blockage of protein synthesis by the DT-A product. Any poten
tial effect of competition for transcription factors, which might
lead to spurious inhibition in this assay, is eliminated by the
inclusion in the transfection of an analogous plasmid containing
a frameshift mutation in the DT-A sequence, so as to keep the
total amount of plasmid containing Ig promoter and enhancer
sequences constant.

As shown in Fig. 2A, pTHAlS caused a dose-dependent
inhibition of the co-transfected luciferase reporter expression
in the GM4025 human B-lymphoblastoid cell line. In contrast,
no inhibition was detected in HeLa cells (Fig. 2A). pTHAlS
therefore showed increased selectivity of expression for B-cells
over the parent plasmid pTH3. However, the level of DT-A
expression in B-cells was unexpectedly low, as indicated by the
relatively large amount of pTHAlS that had to be electropor-
ated into the cells to achieve substantial inhibition of reporter
expression. To determine if this was due to suboptimal func
tioning of the Ig heavy chain enhancer from its downstream
position in pTHAlS, we inserted a second copy of the enhancer
upstream of the Ig promoter, generating pTHAI? (see Fig. 1).
In this case, the enhancer [279-base pair Alul fragment (1, 10)]
was flanked by more extensive sequences from the human Ig
heavy chain intron [~ 1 kilobase each side of the Alul fragment
(10)].

4300

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/16/4299/2444597/cr0510164299.pdf by guest on 19 M

ay 2023



TOXIN GENE TARGETING TO B-CELLS

C
Oo

100-80-60-40-20-

n -i.1â€¢i

Bi100-8

0-6

0-4

0-2

0-0."'',\A

fi.
0.5 1.0 2.0
ng pTHA15

0.250.5 1.0 2.0
Hg pTHA17

Fig. 2. Dose-dependent inhibition of luciferase reporter expression in GM4025
human B-cells (Ãœ)by (A) co-transfected pTHAlS, (B) co-transfected pTHA17.
No signincant inhibition was detected in control HeLa cells (â€¢).Bars in A,
individual transfections performed in duplicate. The results are expressed as
percent of the control luciferase activity observed in parallel co-transfections with
pSV2A-LUC and the corresponding DT-A frameshift plasmid (pTH 16 or pTH 18;
see "Materials and Methods").

As shown in Fig. IB, B-cell specificity was maintained by
pTHA17, DT-A expression again occurring in the GM4025
cell line in a dose-dependent manner, without detectable expres
sion in HeLa cells. However, the level of expression in the B-
cells had not been increased markedly by the additional
enhancer.

To investigate whether more mature B-cells might support
higher DT-A expression from pTHAl?, we performed similar
transient co-transfection assays using the murine myeloma cell
line MPC11. For comparison, the less mature murine B-lym-
phoma line, M12, was also transfected. As shown in Fig. 3,
pTHAl? showed dose-dependent inhibition of reporter expres
sion, reaching an extent of >90% at the highest input of
plasmid. However, the extent of inhibition for each input was
only slightly greater in the myeloma than in the lymphoma cell
line. Importantly, there was no detectable inhibition of reporter
expression in the murine fibroblast line, 3T6, a result identical
with that seen in HeLa cells (Fig. IB). These results, therefore,
demonstrated B-cell specificity in murine cells, as in human
cells, and suggested that the stage of B-cell development was
not a major factor in determining the leve! of DT-A expression
from the Ig heavy chain-regulated plasmid, pTHAl?.

Although we did not detect DT-A expression from pTHAlS
or pTHAl? in HeLa or 3T6 cells using the transient co-
transfection assay, it was difficult to define a precise lower
detection limit for this assay. We therefore constructed the
plasmid pLUC-A17, in which the luciferase coding sequence
replaced that for DT-A in pTHAl? (see Fig. 1). Transfection
of cells with pLUC-A17 enabled a direct determination of
reporter expression from the same arrangement of Ig regulatory
sequences as present in pTHAl?. Table 1 shows results ob
tained in transient transfection of several cell lines with pLUC-
A17. To control for variations in transfection efficiency, the
cells were also transfected in parallel with the plasmids pSV2A-
LUC and pSV232A-LUC in which the reporter transcription
is driven by the SV40 early promoter, respectively, with or
without its enhancer. Both of these plasmids were used in an
attempt to resolve differences in transfection efficiency among
the cells from possible differences in their ability to trans-
activate an enhancer that lacks marked cell type preferences
(i.e., the SV40 enhancer). The high sensitivity of the luciferase
assay allowed the detection in all cells tested of a significant

basal level of expression from pLUC-A17. In non-B-cells, this
ranged from 2 to 10% ofthat from the enhancerless pSV232A-
LUC. In most B-cells tested, much stronger relative expression
of luciferase was observed from pLUC-A17, at levels 9-110-
fold that from pSV232A-LUC. pLUC-A17 relative expression
was strongest in the M PC 11 murine and H929 human myeloma
lines, where it reached 60% of the activity of pSV2A-LUC with
the SV40 enhancer. Surprisingly, although pLUC-A 17 was also
expressed quite strongly in the GM4025 human B-cell line, its
relative expression was much weaker in the 2 human Burkitt's

lymphoma lines that were tested (Raji and BJAB). With the
exception of these 2 cell lines, the overall results indicate that
the expression level of pLUC-A17 in B-cells, relative to
pSV232A-LUC, was in the range of 90-5000-fold that in non-
B-cells.

We also investigated the use of Â«-lightchain regulatory se
quences for targeting DT-A expression to B-cells. For this
purpose, the metallothionein promoter of pTHl was replaced
by a murine V-x promoter, together with the murine Â«-chain
enhancer inserted upstream of the functional promoter ele
ments. Again, the A-trimer was inserted upstream of the regu
latory sequences to block plasmid-initiated transcripts. The
resulting plasmid, pTHA45 (Fig. 1), was transfected into B-
cells and control cells. As shown in Fig. 4A, pTHA45 displayed
strong dose-dependent inhibition of co-transfected reporter
expression in the M12 B-cell line but not in 3T6 or HeLa cells.
The extent of this inhibition was greater than that resulting
from transfection of pTHA17 into the same B-cells (Fig. 3).

Published data indicate that the /.-light chain enhancer is
inactive when transfected into pre-B-cells that are not yet ex
pressing light chain Ig genes (30, 31). In contrast, the heavy
chain enhancer was active in all stages of B-cell development
(31 ). To determine whether our Â«-regulatedconstruct, pTH A45,
was preferentially active in mature as opposed to early B-cells,
co-transfection experiments were performed using the 70Z/3
murine pre-B-cell line. These cells express a ^-heavy chain but
do not transcribe Â«-lightchain genes unless induced by lipo-
polysaccharide (32); this inducer was not present in the exper
iments described here. As shown in Fig. 4B, pTHA45 showed
some inhibition of reporter expression in 70Z/3 cells, but the
extent of inhibition was less than that displayed by pTHA17.
This result contrasts with that obtained with the more mature
B-cells (Fig. 4/1), in which pTHA45 was more inhibitory than

100-

Â§
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M MPC11
CD 3T6

0.25 0.5 1.0 2.0

Hg pTHA17

Fig. 3. Inhibition of luciferase reporter expression by co-transfected pTHAl 7
in murine M12 B-lymphoma cells (O) and MPC11 myeloma cells (â€¢).No
signincant inhibition was detected in murine 3T6 fibroblasts (â€¢).The results
shown for each cell line are the mean values from duplicate experiments that
agreed closely.
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Table 1 Levels of expression of luci/erose activity in various cell lines after transient transfection with pLUC-A 17, in comparison with pSV232A-LUC or pSV2A-LUC
Cells were electroporated with 5 /*gplasmid DNA in a volume of 105 fil as described in "Materials and Methods." Results shown are from single experiments with

each cell line, except for M12 and MPC11, for which the mean values are shown from several experiments giving similar results. Each experiment included 2-4
replicates with each plasmid; the mean of these replicates is given.

10~3 x light units/100 Mgprotein

Cell line pLUC-Al? pSV232A-LUC pSV2A-LUC

pLUC-Al?

PSV232A-LUC
pLUC-A17

pSV2A-LUC

Human
B-cells

GM4025 (EBV iymphoblastoid line) 18
H929 (myeloma) 6.1
Raji (Burkitt's lymphoma) 32
BJAB (Burkitt's lymphoma) 0.9

Non-B
HeLa (carcinoma) 1.7

1.3
0.06

42
IS

78

32(1
11

5.900
180

1.200

14
no

0.7
0.06

0.02

0.06
0.6
0.005
0.005

0.0014

MouseB-cellsM

12(B-lymphoma)M
PC 11(myeloma)S

194(myeloma)OVH
(hybridoma)Non-B3T6

(fibroblast)BW5147(T-cell)2.70034852.60.20.082900.556.10.16.00.623.000541.100225902596214260.030.10.120.60.080.120.00030.003

pTHAl?, and supports the idea that light chain regulatory
elements might be used for preferentially targeting DT-A
expression to more mature B-cell stages.

DISCUSSION

Using Ig promoters and enhancers, we have constructed
plasmids that, upon transfection, express DT-A with a high
degree of specificity for B-lymphoid cells. DT-A expression was
not detectable in HeLa or 3T6 cells using the transient co-
transfection assay. Results obtained using the more sensitive
luciferase assay (Table 1) to quantify expression of this reporter
from an identical configuration of Ig heavy chain enhancer and
promoter elements suggested that these elements directed
expression 300-2000 times more efficiently in murine B-cells
than in 3T6 fibroblasts.

Despite this high selectivity, the absolute level of DT-A
expression in B-cells, directed by the Ig heavy chain enhancers
and promoter, was less than expected, bearing in mind the high
levels to which endogenous Ig genes are expressed. For exam
ple, much stronger expression was seen in B-cells transfected
with the DT-A coding sequence attached to the SV40 early
promoter/enhancer (results not shown). We excluded the trivial
explanation that the DT-A sequence might have undergone an
attenuating mutation in our Ig controlled expression constructs
by re-isolating this sequence from pTHAl? and showing that
it gave the expected expression level in 293 cells (29) after it
was recloned into pTHl (results not shown). It is unlikely that
the results can be explained by inefficiency of the human Ig
heavy chain enhancer in murine cells in view of published data
(10) and of our data5 showing a level of DT-A expression

similar to that reported here from a plasmid containing a
murine Ig heavy chain enhancer. It therefore seems likely that
Ig promoters and enhancers, while conferring B-cell specificity,
may not be sufficient to direct expression of a heterologous
gene at the high levels characteristic of endogenous Ig genes.
This appears true even in fully differentiated myeloma cells,
since we found that the MPC11 myeloma line expressed DT-A
from pTHAl? only slightly more efficiently than did M12 B-
lymphoma cells (Fig. 3). A second, B-cell-specific, enhancer has
recently been described for both Ig heavy chain and Â«-lightchain

genes, located many kilobases 3' of these genes (33, 34). It is

possible that the inclusion of these enhancers might allow
increased expression of heterologous gene constructs intro
duced into B-cells.

In addition to transcriptional regulation, post-transcriptional
mechanisms have been shown to play an important role in the
abundant accumulation of Ig mRNAs seen in mature plasma
cells (35, 36), and these mechanisms probably operate via
uncharacterized sequences within Ig genes (13). The inclusion
of such sequences within chimeric constructs may enable such
mechanisms to operate to increase expression in transfected B-
cells (37). In preliminary experiments, we have observed that
the inclusion of additional segments of an Ig* gene in a DT-A
expression construct resulted in markedly increased expression
of DT-A in B-cells, without loss of specificity.

The construct, pTHA45, containing a murine VK promoter
and upstream /Â¿-enhancer,expressed DT-A more strongly than
did pTHAl? in mature B-cells. This result was unexpected in
view of reports that the Â«-enhancer is weaker than the heavy

A , 0 0

8 0- Â¡1

n

B â€žu u-8

0-6

0-40-

2 0-n

-Fâ€”-:â€¢.70Z/3

cellsr~i._1"-â€¢

* I. H. Maxwell, L. M. Glode, and F. Maxwell, unpublished observations.

0.51.02.0 0.51.02.0

Hg pTHA45 U g
M12[l, 3T6^, HeLaFJ pTHA45 ^

Fig. 4. A, effect on luciferase repÃ³rter expression of co-transfected plasmid
pTHA45. containing Ig* regulatory elements, in M12 B-lymphoma cells and in
non-B-cells. B. effect on luciferase reporter expression in 70Z/3 pre-B-cells of co-
transfected plasmid pTHA45 or pTHA17. respectively, containing Ig* or heavy
chain regulatory elements. The strong inhibition shown by pTHA45 in M12 B-
lymphoma cells contrasts with only weak inhibition in 70Z/3 pre-B-cells.
pTHA45 caused little or no inhibition of reporter expression in control non-B-
cells (3T6 and HeLa). Note that, in the pre-B-cells, pTHA17 was more inhibitory
than pTHA45. as shown in B, whereas the converse was true in the more mature
M12 B-lymphoma cells (compare A with Fig. 3). Results shown for pTHA45 in
M12 and 70Z/3 are the mean values from duplicate experiments; those for
pTHA17 in 70Z/3 are from a single experiment.
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chain enhancer (31, 38). The latter appeared =20-fold more
active than the former in stimulating transcription from heter-
ologous promoters (9). Although the matching of the x-enhan-
cer with a homologous promoter, as in pTHA45, may result in
more efficient transcriptional enhancement (38, 39), a differ
ence of 2-3-fold (38) or 10-15-fold (31) in favor of the heavy
chain, versus the K-,enhancer was still observed with enhancer-
deleted Â«-genesretaining their own promoters. The apparent
discrepancy in the relative expression of DT-A from pTHAl?
and pTHA45 may relate to the positions of the enhancers and,
perhaps also, to the respective Ig heavy chain and Â«-lightchain

promoters used in these constructs.
An important objective in developing DT-A constructs con

trolled by Ig light chain regulatory elements was to attempt to
target more mature B-cells, so that early B-cells, not yet ex
pressing Ig light chain genes (40), might be spared. The dem
onstration (Fig. 4B) that pTHA45 expresses DT-A only weakly
in pre-B-cells supports the feasibility of this approach but also
suggests that use of a Â«-enhancer/promoter combination alone
may not be sufficient entirely to eliminate expression in pre-B-
cells.

Others have proposed a strategy for gene therapy of cancer
involving the expression of a gene, such as herpes simplex
thymidine kinase, conferring sensitivity on target cells to a drug
such as ganciclovir (41, 42). Treatment with the latter drug
caused regression of B-cell lymphomas induced in mice trans-
genie for herpes thymidine kinase, expressed under the control
of an Ig enhancer and promoter (42). The expression of the
DT-A gene provides a more direct means of ablating specific
cells that, in contrast to the use of ganciclovir, does not require
that the target cells be actively dividing.

The DT-A gene constructs we have described might be appli
cable to the therapy of B-cell leukemias or lymphomas if they
could be delivered efficiently to the malignant cells. Incorpo
ration of the DT-A transcription units into the genome of a
recombinant virus may make this possible. The constructs
described in this report represent a first step towards toxin gene
therapeutic agents for B-cell cancers, and there is clearly scope
for refinement of their expression specificity that, ideally,
should be restricted to malignant B-cells. In the case of cancers
of more mature stages, this might be approached by using Ig
light chain regulatory elements to control DT-A expression.
Eventually, we envisage that, by appropriate manipulation of
regulatory elements, toxin expression might be rendered de
pendent both on B-cell factors and on additional factors peculiar
to the malignant cells. Such binary, or combinatorial, control
systems should allow highly specific targeting of toxicity.
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