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Abstract A chimeric receptor, consisting of the single-
chain variable (scFv) domains of an anti-erbB-2 mAb
linked via a CD8 membrane-proximal hinge to the Fc
receptor c chain, was expressed in the mouse cytotoxic T
lymphocyte (CTL) hybridoma cell line, MD45. This cell
line was grafted with the additional speci®city to rec-
ognise and bind erbB-2-expressing breast carcinoma
target cells T47D, MCF-7 and BT-20 in a non-MHC-
restricted manner. Tumour cell lysis was antigen-speci®c
since erbB-2-negative tumours were insensitive to lysis
by MD45-scFv-anti-erbB-2-c clones, and lysis of
erbB-2+ tumour targets was inhibited in the presence of
an anti-erbB-2 mAb. Furthermore, target cell death
correlated with the level of chimeric receptor expression
on the e�ector MD45 subclones. Redirected MD45 CTL
utilised Fas ligand to induce target cell death since sol-
uble Fas-Fc fusion protein completely inhibited cytoly-
sis. The sensitivity of tumour target cells to Fas ligand
was further enhanced by treating them with interferon-c,
a regulator of Fas and downstream signalling compo-
nents of the Fas pathway. Overall, this study has dem-
onstrated the requirement for successful activation of
Fas ligand function in conjunction with cytokine treat-
ment for e�ective lysis of breast carcinoma target cells
mediated by redirected CTL.
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Introduction

Cytotoxic lymphocytes (CL) have been used successfully
to treat some cancer patients [38, 39], however their use
in adoptive immunotherapy has often su�ered from the
di�culty in obtaining T cells with speci®c reactivity
against common carcinomas such as breast and colon
cancer. Methods to target lytic cells of the immune
system to destroy tumour cells have been derived
through the application of tumour-reactive mAb [26]
and bispeci®c antibodies [36]; however, the ine�cient
penetration of antibodies into solid tumours [12, 24]
limits their therapeutic application. The ability to ma-
nipulate CL genetically to generate expression of inte-
gral membrane single-chain variable-domain (scFv)
chimeric receptors, reactive to tumour antigens, provides
a potentially more e�ective therapy that combines the
antibody speci®city of the scFv receptor with the tu-
mour-penetrating and cytolytic potential of CL.

To date, the use of scFv chimeric receptors has
demonstrated their potential to redirect the lytic activity
of a variety of e�ector CL. These include cytotoxic T
lymphocyte (CTL) cell lines [7, 10, 41] and primary
mouse and human lymphocytes [1, 5, 19, 43], which have
been targeted at prede®ned tumour targets in vitro.
Studies in vivo have demonstrated the capacity of ge-
netically redirected lymphocytes to tra�c to tumours
[2, 32] and their ability to inhibit growth of human tu-
mours in nude mice [2, 15, 20]. CTL can mediate target
cell lysis through the granular exocytosis pathway and/
or the Fas-ligand (FasL)-mediated pathway [17]; how-
ever, to date the cytolytic mechanism(s) by which redi-
rected lymphocytes trigger tumour cell death have not
been fully characterised.

The c-erbB-2 gene, encoding a member of the tyros-
inase kinase growth factor receptor family, is among
those most frequently altered in human cancers [22], and
is ampli®ed and/or overexpressed in a high percentage of
human adenocarcinomas arising at numerous sites, in-
cluding the breast, ovary, lung, stomach and salivary
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gland [21]. The accessiblity of the receptor, its high level
of expression in metastatic lesions and low expression on
normal tissue makes the erbB-2 antigen an ideal target
for redirected CTL therapy. In this study we have ge-
netically manipulated a mouse CTL hybridoma cell line,
MD45, with a chimeric receptor consisting of a scFv
anti-erbB-2 mAb, CD8 hinge/spacer and the lymphocyte
signalling molecule FcR-c. We demonstrate that MD45-
scFv-anti-erbB-2-c transfectants mediate non-MHC-re-
stricted, erbB-2-speci®c lysis of erbB-2-expressing breast
carcinoma cells in a FasL-dependent and interferon-c
(IFN-c)-inducible manner.

Materials and methods

Cell lines, antibodies and reagents

MD45 is a murine allospeci®c CTL hybridoma cell line that can be
induced by phorbol 12-myristate 13-acetate (PMA) to express
FasL, but does not express perforin or granzymes [16]. COS-7, a
simian kidney ®broblast cell line, and MD45 were maintained in
Dulbecco's modi®ed Eagle medium (DMEM) supplemented with
10% fetal calf serum (FCS), 50 lM 2-mercaptoethanol, 2 mM
glutamine, 0.1 lg/ml streptomycin, and 100 U/ml penicillin (Gi-
bco, Grand Island, New York). d12S is the 12th serial subcloning
of the rat ´ mouse hybridoma PC60 cell line [6] and was grown in
DMEM (Gibco) supplemented with 5% FCS and additives as
above. The human T cell leukemia, Jurkat, and the human breast
carcinoma cell lines T47D, MCF-7 and BT-20 were maintained in
RPMI medium supplemented as above. Anti-tag mAb (mouse
IgG2a) detects an epitope contained within an 11-amino-acid
sequence of the protein derived from the proto-oncogene c-myc.
Mouse Fas-Fc (which also inhibits human FasL) and human p80
tumor-necrosis-factor-receptor (TNFR)±Fc fusion proteins were a
kind gift from Dr. David Lynch, Immunex Corp., Seattle, Wash.
CH-11 anti-(human Fas) IgM mAb was purchased from Upstate
Biotechnology Inc. (Lake Placid, N.Y.). Human IFN-c was pro-
vided by the Frederick Cancer Research and Development Center
Biological Resources Branch, Frederick, Md. The mouse anti-
(human granzyme M) mAb (IgG1) and mouse anti-(human gran-
zyme B) mAb (IgG2a) were used as isotype controls. Before some
cytotoxicity assays, d12S cells were incubated in medium supple-
mented with 5 ng/ml PMA (Sigma Chemical Co., St Louis, Mo.,
5 ng/ml) and the Ca2+ ionophore ionomycin (Calbiochem Corp.,
San Diego, Calif., 1 lg/ml) [40].

Chimeric receptor gene constuction

A 767-bp fragment of DNA, coding for scFv of anti-erbB-2 and a
marker epitope from c-myc (a kind gift from Dr. Winfried Wels,
Institute of Experimental Cancer Research, Germany), was am-
pli®ed by the polymerase chain reaction from the pSW50-5 vector
using the following primers: forward, 5¢-ATAATGTCTAGAC-
AGGTACAACTGCAG-3¢ (779) incorporating an XbaI restriction
site (in bold type), and reverse, 5¢-AGAGACGGTGACCC-
CATTCAGATCCTCTTCTGAGATGAGTTTTTGTTCGATCT-
CCAATTTTGT-3¢ (601) incorporating the sequence for the c-myc
tag epitope at the 3¢ end of the scFv fragment and a BstEII re-
striction site (bold type). This fragment was subcloned into XbaI/
BstEII-digested pRSVscFvRc (a kind gift from Dr. Zelig Eshhar,
Weismann Institute, Rehovot, Israel). The ®nal construct was made
up of an extracellular region composed of variable heavy and light
regions of anti-erbB-2 mAb joined via a ¯exible linker, a mem-
brane-proximal hinge region of human CD8 and the transmem-
brane and cytoplasmic regions of the human FcR-c chain. The
leader was from the immunoglobulin j light chain. Expression was
driven by the Rous sarcoma virus long terminal repeat.

Gene transfection

COS-7 cells were transiently transfected by the DEAE-dextran
method as previously described [3]. MD45 cells (107 in 0.25 ml)
were stably transfected by incubation for 10 min at 4 °C in a 0.4-cm
cuvette (Bio-Rad, Richmond, Calif.) with 20 lg HpaI-linearized
plasmid DNA. Electroporation was then carried out (Genepulsar,
Bio-Rad) at 250 V and 960 lF. Stably transfected clones were se-
lected in complete DMEM containing 2.0 mg/ml geneticin (Gibco
BRL, N.Y.).

Immuno¯uorescence studies

Detection of cell surface chimeric receptor was achieved by indirect
immuno¯uorescence following incubation of cells with anti-tag
mAb, speci®c for a c-myc epitope located within the chimeric re-
ceptor. Transiently transfected COS-7 cells were incubated for 1 h
at 4 °C with a 1/10 dilution in phosphate bu�ered saline/0.5%
bovine serum albumin (PBS/BSA) of tissue culture supernatant
from a hybridoma cell line secreting anti-tag-mAb. Cells were
then washed in PBS/BSA, incubated for 1 h in a 1/200 dilution of
¯uorescein-isothiocyanate (FITC)-conjugated F(ab¢)2 sheep anti-
(mouse Ig) (Silenus, Hawthorn, Australia), washed a further three
times, and viewed under a ¯uorescent microscope. Stably trans-
fected MD45 CTL and breast carcinoma target cells were treated as
for COS-7 cells and ¯uorescence was assessed by ¯ow cytometry
(FacsCalibur, Becton Dickinson, San Jose, Calif.). Tumour cell
lines were assayed for erbB-2 expression by incubation with anti-
erbB-2 mAb followed by FITC-conjugated sheep anti-(mouse Ig).
The isotype control mAb used was anti-(human granzyme M).
Expression of Fas on tumour cell lines was determined following
incubation with polyclonal rabbit anti-(human Fas) and FITC-
conjugated goat anti-(rabbit Ig). Non-immune rabbit serum was
used as a control.

Rosetting

The binding capacity of the scFv-anti-erbB-2-c-expressing MD45
CTL was determined in a rosetting assay. Stably transfected MD45
CTL (1 ´ 106 cells/ml) were added to transiently transfected COS-7
cells or tumour cell lines grown to 50±70% con¯uence in six-well
plates. The plates were then incubated at 37 °C for 10 min, cen-
trifuged (800 g for 3 min) and incubated for 30 min on ice. The
cells were then washed 10±15 times with PBS/BSA and examined
microscopically for rosette formation following staining with 0.1%
ethyl violet. A rosette was de®ned as an erbB-2-expressing COS-7
cell or tumour cell that bound more than ®ve scFv-anti-erbB-2-c-
expressing MD45 CTL. The percentage rosette formation was
estimated by counting 100 cells in randomly chosen microscopic
®elds.

Western blot analysis

Cell lysates of the MD45 CTL cell line were analysed by Western
blotting to verify expression of the scFv anti-erbB-2-c protein. Cells
were harvested and resuspended at 5 ´ 107 cells/ml in NP-40 lysis
bu�er. Cell debris was pelleted by centrifugation and supernatant
was isolated. Lysates were diluted in an equal volume of 2 ´ elec-
trophoresis sample bu�er containing sodium dodecyl sulphate,
boiled at 95 °C for 5 min, and placed on ice for 5 min prior to being
loaded on a 10% (w/w) sodium dodecyl sulphate/polyacrylamide
(SDS-PAGE) gel. Protein samples were electrophoretically trans-
ferred from the SDS/PAGE gel onto a nitrocellulose Immobilon
membrane using the Trans-Blot Semi-Dry Transfer Cell as speci®ed
by the manufacturer. After transfer, the membrane was blocked for
16 h in a 5% skim-milk solution. The membrane was probed with
undiluted anti-tag mAb for 1 h prior to being washed in Western
washing bu�er. Bound antibody was made visible with horseradish
peroxidase-conjugated rabbit anti-(mouse Ig) diluted 1/8000 in
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Western washing bu�er and the enhanced chemiluminescence
detection system. Protein detection was by autoradiography on
OMAT XAR ®lm.

51Cr-release assay

The cytotoxic capacity of scFv-anti-erbB-2-c-expressing CTL was
determined in a 51Cr-release assay. Adherent target cells (1 ´ 106

cells/ml) were harvested and washed three times in PBS, resus-
pended in 100 ll and incubated for 1 h at 37 °C with 100 lCi
sodium [51Cr]chromate. Free 51Cr was removed by washing the
cells, which were then placed in 96-well plates (2 ´ 104/well) and
incubated for 16 h/37 °C with e�ector cells. In the case of antibody
(anti-erbB-2) or Fas-Fc inhibition experiments, target or e�ector
cells were preincubated with reagent for 30 min at 4 °C and then
added to e�ector or target cells respectively. The e�ector cells were
harvested, washed and used in 16-h 51Cr-release assays against
breast carcinoma targets. Cytotoxicity was expressed as the per-
centage speci®c 51Cr release after subtraction of spontaneous 51Cr
release, which was 5±10% of the total release. The spontaneous
release of 51Cr was determined by incubating the target cells
(2 ´ 104) with medium alone (200 ll), whereas the maximum re-
lease was determined by adding SDS to a ®nal concentration of
5%. The percentage speci®c lysis was calculated as follows: 100 ´
[(experimental release ) spontaneous release)/(maximum re-
lease ) spontaneous release)]. All determinations were performed
at least twice in triplicate.

Results

Construction and expression of the chimeric
scFv-anti-erbB-2-c receptor gene

A chimeric receptor gene consisting of the scFv of the
anti-erbB-2 mAb linked to the FcR-c chain via a CD8
hinge was cloned into the pRSV vector. The scFv spe-
ci®cally recognises the extracellular domain of erbB-2,
and the CD8 hinge provides a spacer region allowing
optimal binding of the target antigen as shown previously
[31]. The signalling component of the receptor gene
consisted of the transmembrane and cytoplasmic domain
of the FcR-c chain. Expression of the chimeric gene for
scFv-anti-erbB-2-c receptor was initially demonstrated in
COS-7 cells after transient transfection (data not shown)
and in the mouse CTL hybridoma cell line, MD45, after
stable transfection by indirect immuno¯uorescence using
an anti-c-myc tag mAb (Fig. 1a). Flow cytometry dem-
onstrated subclones expressing both high (H) and low (L)
levels of the chimeric receptor compared to background
¯uorescence observed for the parental MD45. Western-
blot analysis, performed under reducing conditions on
cell lysates of the E6H scFv-anti-erbB-2-c clone, revealed
two speci®c proteins not evident in the parental MD45
cell lysate (Fig. 1b). The smaller fragment con®rmed the
presence of the full-length integral membrane receptor
protein with a calculated molecular mass of 48.7 kDa,
consistent with a previous report [32]. The more slowly
migrating species may be explained by either (i) complex
glycosylation of the scFv and hinge region or (ii) con-
stitutive glycosylation of the c chain, although both of
these possibilities require further investigation.

MD45-scFv-anti-erbB-2-c clones bind
erbB-2-expressing target cells

The ability of MD45 expressing the scFv anti-erbB-2-c
chimeric receptor to bind erbB-2-expressing target cells
was initially demonstrated using COS-7 cells transiently
transfected with erbB-2 cDNA. The E6H (Fig. 2C) and
E6L (Fig. 2D) scFv-anti-erbB-2-c subclones, but not the
parental MD45 cell line (Fig. 2A) were shown to con-
jugate e�ectively to erbB-2-expressing COS-7 cells to
form de®ned rosettes. The E6H subclone was unable to
conjugate to untransfected COS-7 cells (Fig. 2B). In-
terestingly, the level of expression of the chimeric re-
ceptor correlated with the level of rosette formation. The

Fig. 1a,b Expression and detection of the scFv-anti-erbB-2-c
chimeric receptor in the MD45 CTL cell line. a MD45 cells were
stably transfected with the scFv-anti-erbB-2-c receptor cDNA
under G418 selection. Four transfectants were cloned by limiting
dilution and analysed for chimeric receptor expression by ¯ow
cytometry following staining with mouse anti-tag mAb and
¯uorescein-isothiocyanate(FITC)-conjugated sheep anti-(mouse
Ig). High (H)- and low(L)-expression subclones of each transfect-
ant were isolated and expression of the E6H (� � �) and E6L (Ð)
subclones are shown here. No speci®c binding of the anti-tag mAb
was detected in parental MD45 cells (A). b The scFv-anti-erbB-2
protein in MD45 transfectants was determined by Western blot
analysis. Cell lysates of parental MD45 and E6H were subjected to
sodium dodecyl sulphate/polyacrylamide gel electrophoresis under
reducing conditions, electroblotted and probed with anti-tag mAb.
Two speci®c bands were detected in the stably transfected E6H
clone (arrows); the smaller fragment represents the scFv-anti-erbB-
2-c protein (48.7 kDa), the more slowly migrating protein (52 kDa)
possibly being a more complex form of the receptor. Expression of
these proteins was not evident in the parental MD45 cell line. Left
molecular mass standards (kDa)
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percentage of rosettes formed between E6H and erbB-2-
transfected COS-7 cells was 65% compared to 40%
observed for E6L. For the purpose of tumour therapy it
was important to demonstrate that the MD45-scFv anti-
erbB-2-c clones could also bind tumour targets expres-
sing the erbB-2 antigen. The E6H subclone was better
able to congugate e�ectively to erbB-2+ human breast
carcinoma cell lines T47D and MCF-7 (Fig. 3B,D)
in rosetting assays (percentage rosettes formed were
55% and 45% respectively) than was the low-erbB-2-
expressing cell line BT-20 (Fig. 3F) (percentage rosettes
formed was 10%) and again rosetting of E6L with these
targets was comparatively reduced (data not shown).
The parental MD45 cell line was unable to bind to
T47D, MCF-7 or BT-20 cells (Fig. 3A,C,E). Collec-
tively these results demonstrate that the speci®city of
MD45 CTL can be altered by expression of a chimeric
receptor gene engrafting them with the ability to
recognise and bind target cells expressing the erbB-2
antigen.

Tumour cell lysis redirected
by scFv-anti-erbB-2-c is antigen-dependent

The ability of MD45 expressing scFv-anti-erbB-2-c re-
ceptor to mediate speci®c target cell lysis was determined
by a 51Cr-release assay. Signi®cant erbB-2 expression
was detected on the human breast carcinoma cell lines
T47D and MCF-7 (Fig. 4a,b) but not on BT-20 (Fig. 4c)
or the negative-control human Jurkat cells (Fig. 4d).
The E6H scFv-anti-erbB-2-c transfectant was demon-
strated to lyse T47D target cells speci®cally in a 16-h
51Cr-release assay (Fig. 4e). Lysis of T47D cells was

Fig. 2A±D MD45-scFv-anti-
erbB-2-c clones bind COS-7
cells transiently transfected with
erbB-2 cDNA. The binding po-
tential of MD45 expressing the
scFv-anti-erbB-2-c chimeric re-
ceptor was determined by their
ability to mediate rosette for-
mation with COS-7 cells tran-
siently transfected with erbB-2
cDNA. The E6H (c) and E6L
(d) subclones were able to con-
jugate and form rosettes with
erbB-2-expressing COS-7 cells,
and formation of rosettes cor-
related with the level of chimeric
receptor expression (percentage
of rosettes formed between E6H
and E6L and COS-7 cells
expressing erbB-2 was 65% and
40% respectively). Parental
MD45 cells (a) could not bind to
erbB-2-transfected COS-7 cells
and, in the absence of erbB-2
expression, the E6H subclone
(b) was unable to conjugate to
COS-7 cells as shown

Fig. 3A±F MD45-scFv-anti-erbB-2-c clones bind erbB-2+ tumour
cell lines. The ability of MD45 cells expressing the scFc-anti-erbB-
2-c chimeric receptor to recognise and bind erbB-2+ tumour
targets was determined in a rosetting assay as described in
Materials and methods. The E6H subclone was able to conjugate
and form rosettes with erbB-2-expressing human breast carcinoma
cell lines T47D (b) and MCF-7 (d) but rosette formation was
signi®cantly reduced with the low-expression erbB-2 cell line BT-20
(f). The MD45 parental cell line could not bind either T47D (a)
MCF-7 (c) or BT-20 (e) cells as shown
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erbB-2-speci®c since anti-erbB-2 mAb, but not isotype
control mAb, substantially inhibited E6H-mediated ly-
sis. The incomplete inhibition may be due to recognition
of an alternative epitope by the anti-erbB-2 mAb on the
extracellular domain of the erbB-2 antigen to that rec-
ognised by the scFv-anti-erbB-2 mAb, the close prox-
imity of the two epitopes possibly resulting in steric
hindrance. Parental MD45 was unable to lyse T47D cells
(Fig. 4e) and other breast carcinoma targets (Fig. 4f,g)
and Jurkat cells were not lysed by either E6H or parental
MD45 (Fig. 4h). As demonstrated in the rosetting as-
says, the level of scFv-anti-erbB-2-c receptor expression
on both high- and low-expressing MD45 clones
(Fig. 5a,b) was proportional to the level of binding and

degree of lysis of T47D target cells (Fig. 5c,d). These
data highlight the importance of achieving high levels of
chimeric receptor expression when redirecting CTL to
lyse tumour cells.

MD45-scFv-anti-erbB-2-c clones mediate
tumour cell lysis via FasL

It has previously been demonstrated that MD45 can be
induced by PMA to express FasL as observed in other
T/NK cell lines [9, 42], but does not express perforin or
granzymes [16], suggesting that this CTL cell line po-
tentially mediates cell death via a FasL-dependent death
pathway. The breast carcinoma cell line MCF-7 ex-
pressing-erbB-2 (Fig. 4b) was shown to be insensitive to
E6H-scFv-anti-erbB-2-c-mediated lysis (Fig. 4f), which
raised the possibility that MCF-7 might be insensitive to
Fas-mediated lysis. To examine this possibility each of
the breast carcinoma cell lines was initially characterised
for Fas cell surface expression by ¯ow cytometry. High
levels of Fas were detected on T47D, BT-20 and Jurkat
target cells (Fig, 6a,b,d); however, MCF-7 cells expres-
sed no detectable levels of Fas (Fig. 6c). In addition,
the non-MHC-restricted CTL hybridoma, d12S, lysed
T47D and Jurkat cells but not MCF-7 target cells in a

Fig. 4a±h Redirected lysis by cytotoxic T lymphocyte (CTL)
transfectants was erbB-2-speci®c. Cells were incubated with mouse
anti-erbB-2 mAb (� � �) or isotype control (A), followed by FITC-
conjugated sheep anti-(mouse Ig), and erbB-2 expression was
detected by ¯ow cytometry: a T47D, b MCF-7, c BT-20, d Jurkat.
The sensitivity of these target cells to MD45- and MD45-scFv-anti-
erbB-2-c-mediated lysis was determined by a 16-h 51Cr-release
assay (e±h). The MD45-scFv-anti-erbB-2-c clone (E6H) or the
parental MD45 were pretreated with phorbol 12-myristate 13-
acetate (PMA, 5 ng/ml) for 3 h, washed twice and incubated with
T47D (e) target cells in the absence (s E6H, d MD45) or presence
of anti-erbB-2 mAb (j E6H), or MCF-7 (f), BT-20 (g) or Jurkat (h)
target cells. An isotype control antibody did not inhibit E6H lysis
(h) in e. Results are expressed as speci®c 51Cr release � SE(%) for
triplicate samples and are representative of two experiments
performed

Fig. 5a±d The level of scFv-anti-erbB-2-c chimeric receptor ex-
pression correlates with the degree of target cell lysis. Four MD45
transfectant subclones were analysed for chimeric receptor expres-
sion by ¯ow cytometry following staining with mouse anti-tag mAb
and FITC-conjugated sheep anti-mouse Ig (a,b). � � � High(H)-, A
low(L)-expression subclones of transfectants (a) E6 and (b) D2. All
subclones demonstrated only background levels of ¯uorescence
when treated with an isotype control antibody. A Parental MD45
cells. The cytotoxic capacity of each clone (pretreated with 5 ng/ml
PMA for 3 h) was also assessed in a 16-h 51Cr-release assay against
erbB-2+ T47D cells (c,d). High- (h) and low-expression (s)
subclones are contrasted in each assay with control parental MD45
cells (j). Results are expressed as speci®c 51Cr release � SE(%) for
triplicate samples and are representative of two experiments
performed
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Fas-mediated manner (Fig. 6e). BT-20 breast carcinoma
cells were relatively insensitive to d12S killing, despite
their high level of Fas expression, suggesting that the
level of Fas expression is not necessarily indicative of
Fas sensitivity. To support e�ector FasL interaction
with target cell Fas, speci®c inhibition of T47D cell lysis
by E6H was demonstrated by the addition of Fas-Fc,
but not TNFR-Fc, fusion protein (Fig. 6f). These data

con®rmed that MD45-scFv-anti-erbB-2-c clones use a
FasL-mediated pathway to induce target cell lysis.

Target cell sensitivity to MD45-scFv-anti-erbB-2-c
cell-mediated lysis is IFN-c-inducible

Some tumours (e.g. breast and colon carcinomas) have
been observed to down-regulate Fas expression and/or
partially lose Fas sensitivity as a means of evading im-
mune surveillance and destruction [25, 30]. It has been
previously demonstrated that IFN-c can enhance leuco-
cyte antigen surface expression [14, 29, 44] and, in
particular, the sensitivity of some tumour cell lines to
Fas-mediated apoptosis [25]. To determine whether IFN-
c could increase erbB-2 or Fas surface expression on
T47D, BT-20 and MCF-7 target cells and enhance their
sensitivity to CTL-redirected lysis, each was treated with
or without 1000 U/ml IFN-c for 16 h. Although IFN-c
did not increase either erbB-2 or Fas expression on each
of the breast carcinoma cell lines, as demonstrated by
¯ow cytometry (data not shown), T47D and, in parti-
cular, BT-20 were rendered more susceptible to E6H cell-
mediated lysis (Fig. 7a,b). Interestingly, IFN-c did not
increase the sensitivity of MCF-7 breast carcinoma cells
to FasL-mediated lysis, suggesting a complete lack of a
functional Fas signalling pathway in these cells (Fig. 7c).

Discussion

The ability to manipulate CL genetically ex-vivo with
gene constructs encoding chimeric cell-surface receptors
has provided a promising means of speci®cally targeting
common carcinomas, such as breast and colon cancer,
that have remained refractory to other immunothera-
pies. However, one problem of redirecting CTL to tu-
mours has been the lack of truly de®ned tumour-speci®c
antigens. Despite this problem, the protein product of
the c-erbB-2 proto-oncogene potentially serves as a better
target than other tumour-associated antigens, since
erbB-2 expression is more restricted in normal tissue
[11, 23]. In addition, since the c-erbB-2 gene is ampli®ed in
certain malignancies, redirected CTL therapy against the
erbB-2 antigen may achieve greater transduction selec-
tivity than other target antigens and have indirect e�ects
related to its e�ect on tumour growth [8, 18]. Thus, we
have created a chimeric receptor gene construct encod-
ing a scFv recognizing the tumour-associated antigen,
erbB-2, linked via a ¯exible CD8 hinge to the lympho-
cyte signalling molecule FcR-c. Expression of the
scFv-anti-erbB-2-c construct in the mouse CTL
hybridoma cell line MD45 enabled speci®c redirection to
tumour targets expressing the erbB-2 tumour-associated
antigen. We showed that lysis of erbB-2+ target cells
was antigen-speci®c and that the extracellular scFv mAb
component of the chimeric receptor endowed MD45
CTL with MHC-non-restricted speci®city, as shown by

Fig. 6a±f Redirected lysis by CTL transfectants was FasL-medi-
ated. Cells were incubated with rabbit anti-human Fas polyclonal
(� � �) or control rabbit serum (Ð), followed by FITC-conjugated
goat anti-(rabbit Ig), and Fas expression was detected by ¯ow
cytometry: a T47D, b BT-20, c MCF-7, d Jurkat. The sensitivity of
these same targets to the CTL hybridoma cell line d12s was
determined in a 16-h 51Cr-release assay (e). MD45 and E6H
(MD45-scFv-anti-erbB-2-c) clones were pretreated with PMA
(5 ng/ml) for 3 h and washed twice, and their lysis was determined
in the absence or presence of soluble Fas-Fc or TNFR-Fc (5 lg/ml)
in a 16-h 51Cr-release assay (f). Results for (e, f) were expressed as
speci®c 51Cr-release � SE(%) for triplicate samples and are
representative of two experiments performed
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their ability to bind and lyse human tumour cells. This
property may be an advantage for redirected CTL in
terms of lysing tumour cells with down-regulated MHC
class I expression [4, 13].

One potential problem for the use of redirected CTL
therapy in a clinical situation is the shedding of mem-
brane-bound target antigen from the surface of tumour
cells that may block redirected CTL-mediated lysis. In-
deed, we have previously shown that high levels of sol-
uble carcinoembryonic antigen (CEA), found in the
blood of colon carcinoma patients, can partially inhibit

CTL scFv-anti-CEA-c-redirected lysis of colon carci-
noma cells [7]. However, a study by Ishida et al. [23] has
shown that the level of circulating erbB-2 protein in sera
from cancer patients is low, and, although the antigen is
over-expressed on cancerous tissue, it is not easily shed.
Therefore, the erbB-2 antigen may be a more useful
target molecule for redirected-CTL therapy than other
tumour-associated antigens such as CEA.

Previous work from Groner's laboratory [1, 2, 32] has
shown that naive T lymphocytes retrovirally transduced
with the single-chain antibody directed against the hu-
man erbB-2 receptor could speci®cally recognize and
lyse erbB-2-expressing tumour targets. However, the
exact mechanism of target cell lysis used by these redi-
rected CTL was not determined in these studies. We
have clearly demonstrated in this study that target cell
lysis employed by MD45-scFv-anti-erbB-2-c involved a
FasL-mediated pathway to cell death. The possible in-
volvement of the granule exocytosis pathway is unlikely,
since previous investigations have demonstrated the
absence of perforin in MD45 [16]. However, in general
this pathway could be used potentially by redirected
CTL to mediate a similar cytolytic e�ect [28]. It is im-
portant to note that Fas-sensitive Jurkat cells that
lacked erbB-2 expression were insensitive to MD45-
scFv-anti-erbB-2-c-mediated lysis, highlighting the
importance of e�ector cell recognition of the erbB-2
tumour-associated antigen. This interaction between
erbB-2 and the chimeric receptor may have been im-
portant at two levels: (i) as an adhesive interaction that
approximated the e�ector and target cell and (ii) the
induction of MD45-scFv-anti-erbB-2-c cytolytic capac-
ity through receptor ligation. Overall, this study suggests
that the dual requirement of tumour-associated antigen
and functional Fas on target cells may provide an extra
degree of speci®city for the tumour over normal tissue,
which is of concern in the absence of tumour-speci®c
antigens for most malignancies.

One possible escape mechanism used by some tu-
mours is the down-regulation of Fas expression and/or
the partial loss of Fas function [37]. However, the ability
to induce the sensitivity of some tumours to Fas-medi-
ated apoptosis by IFN-c treatment suggests that some
tumour cells can modulate their Fas pathway but do not
lose their components of the Fas death pathway through
mutation [25]. We have previously shown that IFN-c
treatment can increase the expression of both Fas and
CEA on some colon carcinoma cell lines, which may
account for their increased sensitivity to Fas-mediated
lysis by the MD45 transfectant clones [7]. However,
other reports have demonstrated that Fas expression is
not always indicative of function [34, 35] and that IFN-c
can induce target cell Fas sensitivity by the induction of
numerous pro-apoptotic stimuli that have been shown to
play a direct role in the Fas death pathway [25, 27, 33].
Induction of one or several of these apoptosis-related
genes may account for the enhanced sensitivity of T47D
and BT-20 breast carcinoma cells to MD45-scFv-anti-
erbB-2-c-mediated lysis following IFN-c treatment,

Fig. 7a±c Interferon-c (IFN-c) increases sensitivity of tumour
targets to FasL-mediated lysis. Regulation of target cell sensitivity
to E6H-mediated lysis by IFN-c was assessed by a 16-h 51Cr-release
assay on untreated and IFN-c-treated (1000 U/ml, 24 h) tumour
cell lines. Prior exposure to IFN-c rendered T47D (a) and BT-20
(b) more susceptible to E6H-mediated lysis than were the untreated
targets. IFN-c did not increase the sensitivity of MCF-7 to E6H-
mediated lysis (c). Parental MD45 cells, untreated or IFN-c-
treated, were unable to lyse the tumour cell lines. Results are
expressed as speci®c 51Cr release � SE(%) for triplicate samples
and are representative of two experiments performed

284



since their cell-surface expression of Fas and erbB-2 were
unaltered. The issue of how IFN-c regulates Fas and
other components of the Fas death pathway remains
complex and requires further investigation. Neverthe-
less, regulation of the Fas pathway by IFN-c treatment
may potentially provide a means to enhance the thera-
peutic application of redirected CTL, particularly
against Fas) or low-expressing Fas+ tumour target cells.

Overall, this study has demonstrated that the FasL-
dependent pathway of lysis can be used e�ectively by
redirected CTL, even against tumour cells that lack the
appropriate MHC or signi®cant constitutive Fas ex-
pression. It remains to be determined, however, whether
these ®ndings can be extended to include other e�ector
lines or primary lymphocytes. Study of the cytolytic
pathways used by redirected CL has provided scope for
identifying potential means for manipulating these
pathways, possibly through combined cytokine treat-
ment, to enhance the lytic activity of gene-modi®ed
lymphocytes against tumour targets and thereby opti-
mise the e�cacy of this approach as a therapy for
cancer.
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