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Abstract We have generated an anti-Pgp/anti-CD3 diabody
which can eVectively inhibit the growth of multidrug-
resistant human tumors. However, the two chains of the
diabody are associated non-covalently and are therefore
capable of dissociation. Cysteine residues were introduced
into the V-domains to promote disulphide cross-linking of
the dimer as secreted by Escherichia coli. Compared with
the parent diabody, the ds-Diabody obtained was more
stable in human serum at 37°C, without loss of aYnity or
cytotoxicity activity in vitro. Furthermore, the ds-Diabody
showed improved tumor localization and a twofold
improved antitumor activity over the parent diabody in
nude mice bearing Pgp-overexpressing K562/A02 xeno-
grafts. Our data demonstrate that ds-Diabody may be more
useful in therapeutic applications than the parent diabody.

Keywords Drug stability · BispeciWc diabody · Diabody · 
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Introduction

A major issue in the treatment of cancer in terms of a poor
response or relapse is the development of multidrug resis-
tance (MDR) by the tumor cells. Pgp, encoded by the
MDR1 gene, is a 170 kDa transporter consisting of 1,280
amino acids that is located in the plasma membrane and is
responsible for cancer resistance to multiple chemothera-
peutic agents [8, 11, 14, 26]. The level of Pgp expression is
an adverse prognostic factor for complete remission and
survival in malignant diseases [25, 32, 37]. Pgp may
therefore act as a potential therapeutic target for cancer
intervention.

Immunotherapy with bispeciWc antibodies (BiAbs) is a
very promising approach for targeting to tumors. T cells
play a pivotal role acting against tumors by directly elimi-
nating the tumor cells through the formation of cytotoxic T
cell-tumor cell synapses [34]. However, the complexity of
T cell recognition oVers a variety of strategies for tumor
cells to evade speciWc T cell recognition [16, 21, 23, 28,
35]. Anti-CD3/anti-TAA (tumor associated antigen) BiAbs
can possess two speciWcities, one directed at the T cell and
the other at the cancer cell. This enables them to serve as
mediators between T cells and cancer cells, bypassing the
conventional T cell recognition process. There are reports
showing that BiAbs can eYciently inhibit tumor growth
both in vitro and in vivo [4, 5, 9, 10, 15].

BispeciWc diabodies are the smallest BiAbs with about
one-third the size of IgG. BispeciWc diabodies are dimers,
one chain comprising a VH domain from antibody A and a
VL domain from antibody B, connected by a short peptide
linker, and vice versa. The linker is too short to allow pair-
ing between domains of the same chain, thus driving the
pairing between complementary domains on diVerent
chains and forming two antigen binding sites that point

J. Liu · M. Yang · J. Wang · Y. Xu · X. Shao · C. Yang · 
Y. Gao (&) · D. Xiong (&)
State Key Laboratory of Experimental Hematology, 
Institute of Hematology and Hospital of Blood Diseases, 
Chinese Academy of Medical Sciences and Peking Union 
Medical College, 300020 Tianjin, People’s Republic of China
e-mail: gaoyingdai@hotmail.com

D. Xiong
e-mail: dsxiong1961@yahoo.com.cn

J. Liu
e-mail: liujuanni@gmail.com

Y. Wang
Institute of Radiation Medicine, 
Chinese Academy of Medical Sciences and Peking Union 
Medical College, 300192 Tianjin, People’s Republic of China
123



1762 Cancer Immunol Immunother (2009) 58:1761–1769
away from each other [17]. In addition the relatively small
size of diabodies (55 kDa) facilitates penetration into solid
tumors as compared to larger whole antibodies [40]. Dia-
bodies lack Fc domains thus eliminating the undesirable
side-eVects they have in immunotherapy. Further, diabod-
ies can be readily produced by secretion from bacteria at a
yield of up to 1 g/L, thus possessing a considerable poten-
tial for application in a clinical setting [42].

A critical and important factor contributing to the thera-
peutic eVect of recombinant antibodies is stability. The two
chains of diabodies are associated non-covalently and are
therefore capable of dissociation. By introducing a disul-
phide bond into the recombinant Fv fragment, between two
conserved framework residues, a signiWcant improvement
in the antibody stability is achieved. The disulphide bond
locks the two peptide chains covalently while retaining full
or even improved antigen binding activity [2, 3, 12, 29].
The disulphide bond stabilized Fv fragment or BsAbs may
thus have the same, or even higher antitumor activity, com-
pared to its non-stabilized counterpart [1, 29–31].

In our previous study it was suggested that an anti-Pgp/
anti-CD3 diabody might be an eVective agent in the treat-
ment of MDR tumors [13]. However, the poor stability of
the diabody limits the antitumor response and reduces its
eVectiveness in cancer therapy. The required dose of anti-
Pgp/anti-CD3 diabody was relatively high and a rapid tumor
relapse occurred only 1 week after therapy. It is therefore
possible that improving the stability of the diabody may act
to ameliorate these problems. Here we describe a disulphide
cross-linking of bispeciWc diabodies derived from anti-Pgp/
anti-CD3 diabody as previously discussed. The disulphide
stabilized diabodies produced by Escherichia coli were
secreted at high yields in a fully active form without a
decrease of aYnity. Compared with the parent diabodies,
ds-Diabodies were more stable at 37°C in human serum and
appeared to have enhanced tumor localizing properties.
Immunotherapy with ds-Diabodies in MDR human tumor
xenograft mouse models resulted in a greater antitumor
eVect compared to diabodies in the presence of activated
human peripheral blood lymphocytes (PBL).

Materials and methods

Cell lines

Hybridoma cell lines, secreting the anti-CD3 antibody
HIT3a (IgG2a, �) and the anti-Pgp antibody PHMA02 (IgG1,

�), were established at the Institute of Hematology, Chinese
Academy of Medical Sciences (Tianjin, China), as
described previously [33, 38]. The PHMA02 mAb is
directed against the extracellular epitope(s) on Pgp, without
interference with the eZux function of the protein [38].

A human chronic myelogenous leukemia cell line K562, its
MDR variant K562/A02 [39] established in our laboratory,
and human acute T-cell leukemia cell line Jurkat were used
in the study. The cells were cultured in RPMI-1640 (Gibco,
Grand Island, NY, USA) supplemented with 10% fetal
bovine serum at 37°C in 5% CO2.

Plasmid constructions

The plasmid pLH-T3a-Pgp, encoding anti-CD3 VL and
pLH-Pgp-T3a, encoding anti-Pgp VL [13], were each con-
nected by a Wve-amino-acid linker (G4S) to anti-Pgp VH

and anti-CD3 VH, respectively, and were used as templates
for the construction of the ds-Diabody. The oligonucleo-
tides 5�-TGGTCCCACAGCCGAACG-3� and 5�-CATTC
CAGGCACTGTCCAG-3� were used to introduce cyste-
ines at positions Ser-100 of CD3 VL in pLH-T3a-Pgp
(pLH-T3a*-Pgp) and Gly-44 of CD3 VH in pLH-Pgp-T3a
(pLH-Pgp-T3a*). The expression plasmid was constructed
by ligation of the SWI/NheI and NheI/NotI fragments from
pLH-T3a*-Pgp and pLH-Pgp-T3a*, respectively, into the
expression vector pCANTAB 5E (Amersham Bioscience,
Piscataway, NJ, USA). The nucleotide sequence encoding
the ds-Diabody was conWrmed by DNA sequencing.

Expression and puriWcation of the anti-Pgp £ anti-CD3 
ds-Diabody

The soluble expression of the ds-Diabody was as described
previously, except that it was propagated at 25°C in a shaker
Xask for 30 h [41]. Periplasmic lysates from identiWed
mutants were prepared by re-suspending the cell pellet in
25 mM Tris (pH 7.5) containing 20% (w/v) sucrose,
200 mM NaCl, and 1 mM EDTA, followed by incubation at
4°C with gentle shaking for 1 h. After centrifugation at
15,000 rpm for 15 min, the soluble antibodies were puriWed
from the supernatant. The supernatant was loaded onto a cat-
ion-exchange chromatographic column (Pharmacia), and the
eZuent containing the desired protein was then loaded onto
an anti-E tag aYnity chromatography using a RPAS PuriW-
cation Module (Amersham Bioscience). SDS-PAGE was
carried out in 12% polyacrylamide gels, protein bands were
subsequently stained using a colloidal blue stain kit (Novex)
to conWrm the purity of the ds-Diabody. The parent diabody
was expressed and puriWed as described previously [13].

Flow cytometric analysis

Three cell lines, human acute T-cell leukemia cell line Jur-
kat, human chronic myelogenous leukemia cell line K562
and its Pgp-overexpressing counterpart K562/A02, were
subjected to Xow cytometry (FACSCalibur, Becton Dickin-
son, San Jose, USA). BrieXy, 1 £ 106 cells in 100 �L
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phosphate buVered saline (PBS) were Wrst incubated with
various antibodies (20 �g/mL) for 1 h at 4°C. After wash-
ing 3 times with cold PBS, the cells were incubated with
100 �L of anti-E tag antibody (Amersham Bioscience) at
10 �g/mL for 1 h, followed by incubation with 20 �L of
FITC-labeled rabbit anti-mouse antibody (Institute of
Hematology) for an additional 30 min. The stained cells
were analyzed by Xow cytometry (FACSCalibur, Becton
Dickinson, San Jose, USA). In a competitive binding assay,
1 £ 106 cells in 100 �L PBS were Wrst incubated with
ds-Diabody or parent diabody for 1 h at 4°C. After washing
3 times with cold PBS, the cells were incubated with parent
mAb IgG (PHMA02 for K562/A02 and HIT3a for Jurkat
cells, respectively) for 1 h at 4°C. After washing 3 times
with cold PBS, the cells were incubated with an FITC con-
jugated rabbit anti-mouse IgG (Institute of Hematology) for
30 min. The stained cells were then analyzed by Xow
cytometry. Control groups only reacted with non-related
antibody or parent mAb IgG.

Preparation and stimulation of the eVector cells

Human peripheral blood lymphocytes (PBL) were isolated
using Ficoll–Hypaque (Institute of Hematology) density-gra-
dient centrifugation from heparinized blood of healthy volun-
teers and depleted of monocytes by adherence to plastic
Xasks. For cell activation, the non-adherent cells were cul-
tured in complete RPMI medium (10% FCS) supplemented
with 50 IU/mL of IL-2 and 1 �g/mL of HIT3a for 48 h.

In vitro cytotoxicity assay

A non-radioactive cytotoxicity assay (Promega, Madison,
WI, USA) was performed to evaluate the eYcacy of the
diabody in mediating T-cell cytotoxicity. In brief, 2 £ 104

K562/A02 target cells were added to eVector cells at eVec-
tor–target cell ratios, ranging from 25:1 to 3:1 in 96-well
culture plates. Various diabody dilutions (5–500 ng/mL, in
a Wnal volume of 100 �L) were then added. The plates were
centrifuged at 250£g for 4 min and incubated for 4 h in a
humidiWed incubator at 37°C in 5% CO2. Control wells
were established according to the Manufacturer’s sugges-
tion. The doses for experiments were based on our previous
studies or optimized in a pilot experiment. The percentage
of cell lysis was calculated by measuring LDH release in
supernatants using the standard formula: % cytotoxicity =
(experimental ¡ eVector spontaneous ¡ target spontaneous)/
(target maximum ¡ target spontaneous) £ 100.

In vitro stability assays

The diabody prepared as described above was incubated at
37°C for various times in PBS containing 0.2% (w/v)

human serum albumin (HSA) at a concentration of
20 �g/mL. The remaining binding activity with Jurkat and
K562/A02 cells (1 £ 106 cells) was determined by Xow
cytometry.

In vivo inhibition of growth of MDR human xenografts

Female 6-week-old BALB/C nude mice were inoculated
subcutaneously with 2 £ 107 of the Pgp-overexpressing
K562/A02 cells, into the dorsal thoracic wall, 1 day after
the application of total body irradiation (400 rad). Tumors
80–100 mm3 in size developed in all animals 6 days post-
tumor inoculation at which point treatment was initiated.
Mice were treated by intravenous injections of three
diVerent doses (50, 100, or 200 �g/mouse) of ds-Diabody
or parent diabody, combined with pre-activated PBL
(5 £ 106 cells/mouse) in PBS via the tail vein, every week
for 3 weeks. Mice received intravenous injections of ds-
Diabody, parent diabody, preactivated PBL or PBS, respec-
tively, as control. Tumors were measured with a caliper at
2-day intervals, and the tumor volumes were calculated
using the formula: V = (L £ W2)/2, where L represents the
longest axis of tumors (in mm) and W represents the axis
perpendicular to L (in mm). Mice were killed by cervical
dislocation under anesthesia when the tumors reached
3,000 mm3 in size. Tumor volumes were compared
between the control and the treatment groups and evaluated
by the Student’s test using the SAS system 6.12 software
package (SAS Inc., Cary, NC, USA).

In vivo imaging studies

Multidrug resistance human xenografts were established in
BALB/C nude mice as described previously. Diabody was
labeled with the Xuorescent dye Cy5 (Amersham, UK)
according to the Manufacturers’ protocol. Retained activity
of the labeled antibody was conWrmed by Xow cytometric
analysis. Labeled diabody (100 �g/mouse) or free Cy5 was
injected intravenously when tumors were 0.5–1 cm in
diameter. The Xuorescence emission was recorded at 12,
24, 48 and 72 h post-injection with a whole-body small-ani-
mal imaging system (Kodak image station in vivo FX,
USA) when animals were anesthetized. Each group con-
sisted of seven animals.

Results

Production of the ds-Diabody

The two hetero-mutated polypeptide chain fragments, pLH-
T3a*-Pgp and pLH-Pgp-T3a*, were each separately
obtained after secretion from E. coli harboring the appropriate
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expression plasmid and were localized to the periplasmic
space of E. coli, under the guidance of the leader peptide.
A disulphide bond was formed between the two hetero-
mutated fragments in the periplasmic space. The soluble
ds-Diabody was released from the periplasmic space by
osmotic shock and puriWed with a cation-exchange chroma-
tography followed by an anti-E tag aYnity chromatogra-
phy. The Wnal yield of puriWed ds-Diabody was 0.5–0.8 mg/L.
The puriWed ds-Diabody was analyzed by SDS-PAGE
under reducing and non-reducing conditions (Fig. 1A).
Under reducing conditions, the ds-Diabody resolved into
two protein bands, which is consistent with the calculated
molecular weights of 28.3 and 26.1 kDa, for the pLH-T3a*-

Pgp and pLH-Pgp-T3a* polypeptide chains, respectively.
The ds-Diabody migrated at an apparently lower molecular
weight than the expected 54.4 kDa due to the conforma-
tional eVects of intact inter- and intra-chain disulphide
bonds [6].

Antigen binding of the ds-Diabody

The binding speciWcities of the diabody, determined by
Xow cytometry analysis, using CD3-positive Jurkat and
Pgp-positive K562/A02 cells, are shown in Fig. 1B, C. No
binding was detectable on K562 cells, which express nei-
ther CD3 nor Pgp (Fig. 1D). To conWrm the speciWcity of

Fig. 1 Gel analysis of ds-Dia-
body and Xow cytometry analy-
sis of the speciWcity binding of 
the diabody. A SDS-PAGE of 
puriWed ds-Diabody. Lane 1, 
parent diabody in reducing load-
ing buVer; lane 2, ds-Diabody in 
reducing loading buVer; lane 3, 
ds-diabody in non-reducing 
loading buVer. Binding to K562/
A02 (B), Jurkat (C), or K562 
cells (D) by non-related anti-
body (a), ds-Diabody (b), and 
parent diabody (c). Competitive 
binding assay for competing dia-
body. K562/A02 (E) or Jurkat 
cells (F) were Wrst incubated 
with ds-Diabody (b), or parent 
diabody (c) and reacted with par-
ent mAb IgG (PHMA02 was 
used for K562/A02 and HIT3a 
for Jurkat cells, respectively), 
the cells were then incubated 
with an FITC conjugated anti-
mouse IgG. Control groups only 
reacted with non-related anti-
body (a), or parent mAb IgG (d)
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the diabody for Pgp and CD3, blocking tests were per-
formed. Flow cytometry analysis showed that the compet-
ing diabody could signiWcantly inhibit the binding of parent
mAbs (PHMA02 and HIT3a) to K562/A02 or Jurkat cells
(Fig. 1E, F). By comparison, the ds-Diabody had an aYnity
comparable with its parent diabody (Table 1). No signiW-
cant aYnity decreasing was detected.

SpeciWc cytotoxic activity against Pgp-positive cell lines

To investigate the ability of the ds-Diabody to induce lyses
Pgp-overexpressing tumor cells in the presence of pre-acti-
vated human PBL, a non-radioactive cytotoxicity assay was
performed. Lysis of Pgp-positive K562/A02 cells in the
presence of human PBLs was speciWcally mediated by the
ds-Diabody, in a dose-dependent manner, as shown in
Fig. 2a. Enhanced target cell cytotoxicity was observed
when the E:T ratio increased (Fig. 2a, b). A mixture of
equal amounts of anti-Pgp scFv (PHMA02 scFv) and anti-
CD3 scFv (HIT3a scFv) was much less potent than the ds-
Diabody in mediating K562/A02 cell lysis (Fig. 2b). Also
the ds-Diabody was much less potent in mediating K562
cell lysis, when the cells expressed neither CD3 nor Pgp
(Fig. 2c). The scFv mixture showed the same potency
towards both K562/A02 and K562 cells (Fig. 2b, c). Impor-
tantly, the ds-Diabody was as eYcacious as the parent dia-
body. There was no statistical diVerence (P = 0.6) between
parent diabody and ds-Diabody (400 ng/mL) in mediating
the lysis of K562/A02 cells, at various E:T ratios (Fig. 2b).
These results indicate that the killing eVect is dependent on

expression of Pgp on the target cells and that the introduced
disulphide bridge does not aVect the cytotoxicity against
Pgp-positive cells.

In vitro stability of the ds-Diabody

The stability of ds-Diabody was evaluated by Xow cytome-
try after incubation in PBS containing 0.2% (w/v) HSA at
37°C for prolonged periods of time (Fig. 3a, b). After incu-
bation for 4 h, the residual binding activity of the parent
diabody dropped to approximately 50% of its initial value,
and was undetectable after incubation for 24 h for the Pgp
scFv components and for 48 h for the CD3 scFv compo-
nents, respectively. By contrast, the ds-Diabody retained
full antigen binding capacity after 72 h and retained
approximately 80% of its antigen binding capacity even
after 1 week (data not shown), for each scFv moiety. Taken
together, introducing a disulphide bond into CD3 scFv of
the diabody resulted in a marked increase of its stability in
serum.

In vivo stability of the ds-Diabody

In vivo near-infrared Xuorescent (Cy5) imaging was per-
formed to assess the stability and the eVect of the di-Dia-
body on tumor localization, using Pgp-overexpressing
xenografts established in BALB/C nude mice. All mice
with xenografts showed apparent Xuorescent spots in
the tumor tissue after 2 h (Fig. 3c, d). The Xuorescence of
the tumor xenografts injected with labeled ds-Diabody was
more intense than the labeled parent diabody, at each time
point (Fig. 3c–j). After 24 h, staining by the parent diabody
was poor, whereas the ds-Diabody showed clear staining
(Fig. 3e, i). Intense tumor staining could be detected for the
ds-Diabody, while no Xuorescence for parent diabody was
apparent at 72 h post-injection (Fig. 3f, j). The dye alone
did not show any staining within tumors (data not shown).

Table 1 Binding aYnity of the ds-Diabody and parent diabody to
their respective target antigens as determined by Xow cytometry

Antibody K562/A02 cells (nM) Jurkat cells (nM)

Parent diabody 49 § 6.2 16 § 5.6

ds-Diabody 48 § 7.8 16 § 4.8

Fig. 2 Cytotoxicity of human PBL by ds-Diabody or parent diabody
in a non-radioactive cytotoxicity assay. Cytotoxicity of PBL towards
K562/A02 cells mediated by ds-Diabody in diVerent concentrations at
various E:T ratios (a). Cytotoxicity of PBL towards K562/A02 cells

(b) or K562 cells (c) at diVerent E:T ratios in the presence of PBS, a
mixture of the PHMA02 scFv and HIT3a scFv, ds-Diabody, or the par-
ent diabody. The antibody concentration used was 400 ng/mL. Data
shown are the mean § SD of triplicate determinations
123



1766 Cancer Immunol Immunother (2009) 58:1761–1769
Experimental immunotherapy in xenografted nude mice

To determine whether the disulphide stabilized diabody had
greater antitumor activity than the parent diabody, we estab-
lished a nude mice model bearing the Pgp-overexpressing
K562/A02 xenografts. The mice were treated with the ds-
Diabody, parent diabody, pre-activated PBL alone, or a
combination of the ds-Diabody or parent diabody, with the
pre-activated PBL. Three doses (25, 50, and 100 �g/mouse)
of diabody were chosen to assess the ability to cause regres-
sions of established xenografts in nude mice. The antitumor
activity of the ds-Diabody and the parent diabody is shown
in Fig. 4. Control animals received only diluent, PBL, three
doses of ds-Diabody or parent diabody (data not shown)
developed large tumors and were sacriWced on day 15, when
the tumors had grown to approximately 3,000 mm3 in size.
Compared with the mice in the control groups, the mice

treated with ds-Diabody or the parent diabody combined
with PBL showed signiWcant dose-related tumor regres-
sions. The antitumor activity of the ds-Diabody was better
than that of the parent diabody when equivalent doses of
antibody and PBL were compared. When the dose for the
ds-Diabody was decreased twofold, the antitumor activity
for both the stabilized and un-stabilized diabodies were sim-
ilar (Fig. 4), indicating that the antitumor activity of the
disulphide stabilized diabody was approximately twofold
greater than its non-stabilized counterpart.

Discussion

In this study, we have constructed a recombinant anti-Pgp/
anti-CD3 diabody, in which the heterodimer is stabilized by
a disulphide bond. Compared with other approaches to

Fig. 3 The in vitro and in vivo 
stability of the ds-Diabody in 
comparison with the parent 
diabody. Serum stability of the 
anti-Pgp-scFv component of the 
ds-Diabody and the parent 
diabody (a). Stability of the anti-
CD3-scFv component of the ds-
Diabody and the parent diabody 
(b). All data are normalized to 
time-point t0 = 100%. Data 
shown are the mean percentage 
of residual binding § SD of 
three independent experiments. 
Comparison of tumor localiza-
tion between the ds-Diabody and 
parent diabody. Tumor localiza-
tion by the ds-Diabody (c–f). 
Tumor localization by the parent 
diabody (g–j). The images were 
taken 2 (c, g), 12 (d, h), 24 (e, i), 
and 72 h (f, j) post-intravenous 
injection
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generate bivalent dsFv, our approach is simple, resulting in
a soluble ds-Diabody with high yield in E. coli. The ds-Dia-
body had the same antigen binding speciWcity and cytotoxic
activity as the parent diabody. Furthermore, the disulphide
cross-linking of the Fv fragments led to improved serum
stability. The parent diabody begins to be inactivated at 1 h
post incubation in 37°C PBS with a t1/2 of »4 h (Fig. 3a, b).
By contrast, the ds-Diabody retains 80% activity even after
1 week. Thus, compared with the parent diabody, the more
stable ds-Diabody may penetrate deeper into a tumor before
losing activity. In addition, according to the “binding site
barrier” theory, tumor cells can form a barrier preventing an
antibody from reaching the center of the tumor mass [22].
Thus, the number of freely diVusing antibodies that reach
deeper regions of the tumor will be diminished, whereas the
more stable ds-Diabody should not be subject to this eVect.
This is conWrmed by the data shown in Fig. 3c–j, the
ds-Diabody persisting in the tumor longer than the parent
diabody. Taken together, the more active ds-Diabody pene-
trates into the tumor and stays longer in the tumor, resulting
in a twofold greater antitumor activity compared to the non-
stabilized counterpart. Put another way, to achieve the same
eYcacy, the dose of diabody can be reduced by half.

In recent years, it has become evident that acute myeloid
leukemia (AML) is a disease originating from CD34+CD38¡

hematopoietic stem cells [19]. Evidence for the existence of
a subpopulation called “leukemic stem cells” (LSCs) in
AML has come from studies using the non-obese diabetic-
severe combined immunodeWcient (NOD/SCID) mouse
model, showing that cells with leukemic engraftment and
self-renewal potential are in the CD34+CD38¡ subpopulation

[20]. Conventional chemotherapies kill diVerentiated or
diVerentiating tumor cells, whilst being ineVective against
LSCs. Moreover, it has been reported that Pgp expression is
signiWcantly higher in LSCs compared to other AML cell
subpopulations [7]. Thus, LSCs can survive chemotherapy
and can re-grow. Chronic myeloid leukemia (CML) is also
a disease originating from LSCs [18].

Treatment with imatinib has greatly improved the outcome
of CML but patients often relapse. It has been suggested that
CML LSCs survive the treatment with imatinib, while evi-
dence supports the hypothesis that Pgp plays a role in resis-
tance against the drug. Elsewhere treatment with imatinib has
been shown to cause selected expression of Pgp and other
ABC transporters [36]. Taken together, this suggests that Pgp
could be a promising target for overcoming myeloid leukemia.
However, ABCB1 inhibitors have not been able to achieve
complete remission. One of the reasons may be that although
the expression of ABCB1 could render LSCs resistant to
drugs, there may be other factors involved in resistance.

There are other mechanisms involved in the ability of
LSCs to evade chemotoxicity, such as the simultaneous
expression of other ABC transporters, damage of the DNA-
repair capacity, reluctance to enter apoptosis etc. Notably, in
one study it was shown that although Pgp is over-expressed
in LSCs, the eZux function is reduced, compared with resid-
ual normal progenitors [27]. Regarding the anti-Pgp/anti-
CD3 diabody, there is a recognition of the antigen epitope of
Pgp that is independent of the eZux function. In spite of the
fact that Pgp-mediated drug extrusion is reduced in LSCs,
the anti-Pgp/anti-CD3 diabody can still direct T cells to Pgp-
over-expressing LSCs and may thus achieve complete
remission. Interestingly, it has been reported that MDR1 (+)
cells can be considered to be melanoma stem cells [24]. In
this regard Pgp may be a unique target for anti-melanoma
therapies in the future. Taken together, the anti-Pgp/anti-
CD3 diabody could target tumor stem cells and may be a
very promising antibody for tumor immunotherapy.

In summary, the results of this study indicate that a
disulphide linked diabody has improved serum stability,
improved antitumor activity, enhanced tumor targeting
properties and persists longer in MDR tumors. The use of a
ds-Diabody approach may therefore provide a more potent
treatment of human tumors.
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