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Abstract The use of antineoplastic drugs for cancer
treatment is frequently associated with the acquisition of
a multidrug-resistant (MDR) phenotype that renders
tumoural cells insensitive to antineoplastics. It remains
elusive whether the acquisition of the MDR phenotype
alters immunological parameters that could influence the
cell sensitivity to an eventual host immune response. We
report that immunisation of syngeneic mice with c-
irradiated L1210S (parental line) and L1210R (MDR
phenotype) cells results in a significant rejection of
subsequently implanted L1210R-based tumours, but not
of the L1210S ones. Notably, L1210R tumours display a
twofold reduction in vivo proliferative capacity and are
less aggressive in terms of mouse survival than their
sensitive counterparts. Also, analysis of surface expres-
sion of molecules involved in antigen presentation and
cytokine activity revealed a slight increase in IFN-c
receptor expression, a decrease of Fas molecule, and a
fourfold up-regulation of MHC class I molecules in
L1210R cells. Nonetheless, both cell lines were able to
induce a cytotoxic response in syngeneic mice and were
equally susceptible to cytotoxicity by splenic cells. To-
gether, these findings indicate that acquisition of drug
resistance by L1210 cells is accompanied by pleiotropic
changes that result in reduced tumour proliferative
capacity and tumorigenicity in syngeneic mice. Hence,
immunological studies of MDR tumours may assist in
the design of specific therapeutic strategies that com-
plement current chemotherapy treatments.

Keywords Apoptosis Æ Cell surface molecules Æ
Fas molecule Æ MDR Æ MHC class I Æ
Tumour immunity

Introduction

The phenomenon of multidrug resistance (MDR) was
observed when tumours treated with antineoplastic
drugs developed cross-resistance to other cytotoxic
agents to which they had never been exposed, effectively
eliminating the possibility of treating these tumours with
chemotherapy [1]. MDR phenotype is pleiotropic and
frequently associated with the overexpression of efflux
pumps such as P-glycoprotein (P-gp) that extrude anti-
tumoural drugs [22]. In addition, the MDR phenotype
may result from heritable changes in cancer cells that
cause altered levels of specific or mutant proteins [1].
These genetic alterations can affect different aspects of
cell dynamics [12, 22].

There is cumulative information suggesting a con-
nexion between the MDR phenotype and the immuno-
logical properties of cells [11, 13, 19, 21, 23, 31, 32]. For
instance, it has been described that IFN-c up-regulates
P-gp expression and activity in human peripheral blood
monocyte–derived macrophages, and it may be involved
in the induction of MDR in these cells [19]. Increased
expression of the transport-associated protein (TAP) in
MDR human cancer cell lines, and slightly higher
amounts of common tumour-associated antigens on the
surface of resistant cells have been also observed [11, 13,
21]. Intriguingly, while some researchers show that
expression of P-gp on human MDR tumour cells did not
affect their susceptibility to natural and lymphokine-
activated killer cell–mediated death [23], other groups
reported the resistance of MDR to natural killer–like
cell-elicited cytotoxicity [32]. Consistent with this find-
ing, the MDR phenotype appears to provide resistance
to complement-mediated cytotoxicity [31]. Additionally,
inconsistent results on the susceptibility of MDR cells to
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Fas-induced programmed cell death have been obtained
[14]. For instance, Smyth et al. [26] have suggested an
important protective role of P-gp on Fas-mediated
apoptosis, whereas other researchers have not found
such a correlation between these two factors [8, 9].

These discrepancies may be due to the different models
of resistance that have been used by different researchers.
Probably the acquisition of MDR phenotype induces
pleiotropic changes on tumoural cells that depend on the
origin and on the antineoplasic agent used to generate
resistance. At this point, closer studies on the different
resistance models should be done in order to adapt ther-
apeutic strategies depending on the specific phenotype
that has been induced on each type of tumoural cell.

Despite the wealth of information accrued, the
alteration of immunological parameters such as tumor-
igenicity or surface protein expression upon the acqui-
sition of the MDR phenotype remains elusive. We have
addressed this question and report that acquisition of
MDR phenotype affects the immune characteristics of
the murine leukemic cell line L1210. L1210 sensitive
(L1210S) and daunomycin (DNM)-resistant (L1210R)
tumour cells were inoculated into syngeneic mice to
monitor the onset of tumour appearance, the rate of
tumour growth, and the extent of mouse survival.
Immunological analysis of changes associated with the
acquisition of DNM resistance are described.

Materials and methods

Mice and tumour cells

Female DBA/2 mice, 6–8 weeks old, were purchased
from Jackson Laboratories (Bar Harbor, ME, USA).
All mice were housed and maintained under specific
pathogen-free conditions at the Animal Facilities of the
University Miguel Hernández for at least 1 week before
use. All animals received humane care according to the
criteria outlined in the ‘‘Guide for the Care and Use of
Laboratory Animals’’ prepared by the National Acad-
emy of Sciences and published by the National Insti-
tutes of Health (NIH publication 85-23, revised 1985).
The L1210S, leukemic cell line of DBA/2 origin, was
used as tumour model. Parental murine leukaemia
L1210S cells and a DNM-resistant (L1210R) subline
(�160-fold resistant to DNM) selected as previously
described [6] were maintained in RPMI 1640 medium
(BioWhittaker, Walkersville, MD, USA) supplemented
with 10% FBS (BioWhittaker), 2 mM L-glutamine,
10 U/ml penicillin G and 10 lg/ml streptomycin sul-
phate (BioWhittaker).

Antibodies

Antibodies for flow cytometry and neutralisation
experiments were purchased from Pharmingen (San
Diego, CA, USA).

In vivo tumour model

To investigate in vivo growth characteristics of L1210S
and L1210R cell lines, we injected 0.5·103 cells subcu-
taneously (s.c.) in the right flank of syngeneic DBA/2
mice. Tumour size (mm2) and survival (percentage) were
monitored. The size of the tumours (mm2) was measured
three times a week and calculated by multiplying the
vertical length of the tumour by its horizontal length. To
induce immunological memory, 5·105 L1210S or
L1210R c-irradiated cells (6,000 rads) were injected s.c.
on the right flank of mice 1-h postirradiation. After
15 days, 0.5·103 nonirradiated cells (L1210S or
L1210R) were injected on the contralateral side. Date of
tumour appearance and growth rate, as well as mouse
survival were monitored [33].

In vitro proliferation assays

In vitro proliferation assays were performed to compare
the growth rate of L1210S and L1210R cells. The
number of viable cells were counted by using trypan blue
staining after plating 2·104 cells/well on a P-24 flat-
bottom plate for 5 days.

Surface staining and flow cytometry

A total of 1·106 L1210S and L1210R cells were washed
once with staining buffer (PBS/3% FCS), blocked with
Fc block (purified antimouse CD16/CD32 monoclonal
antibody), and surface-stained with the following bio-
tin-labelled antibodies: antimouse H-2 Kd MHC class I
(clone SF1-1.1), antimouse I-A/I-E MHC class II
(clone 2G9), antimouse Fas (clone Jo2), antimouse
IFN-c receptor a chain (mouse CD119, clone GR20)
and antimouse Fas ligand (FasL; clone MFL4). Cells
were washed twice with staining buffer and incubated
with PE-conjugated streptavidin (Pharmingen) (dilution
1:1,000). Cells were washed twice in staining buffer,
and the analysis was performed on a flow cytometer
(Beckman Coulter, Miami, FL, USA) argon-ion laser
at 15 mW and 488 nm. A total of 10,000 events were
collected and analysed using Expo-32 software (Beck-
man Coulter). When specified, cells were incubated for
24 h at 37�C with recombinant murine IFN-c
(Pharmingen).

CTL activity assay

Mice were immunised three times, 14 days apart, by
i.p. injection with 1.5–2·106 c-irradiated L1210S or
L1210R cells. For challenge, 2·106 nonirradiated cells
in 0.2 ml of saline, were injected i.v. 14 days after the
last immunisation and 1 day before sacrificing the
mice. As controls, nonimmunised mice were used.
Single-cell suspensions of splenocytes from four mice
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per group were obtained. The splenocytes (6·106/ml)
were stimulated in vitro with 8·104 L1210S-irradiated
cells (or their resistant counterparts) for 5 days at
37�C, in 5% CO2 and in the presence of IL-2 (500 U/
ml). For evaluation of cytotoxicity, fresh target cells,
L1210S or L1210R (1·104), were mixed with effector
cells at E/T ratios (effector cells to target cells) of
100:1, 30:1, 10:1 and 3:1 and incubated for 4 h. After
incubation, propidium iodide (10 lg/ml) was added to
each well, and the samples were analysed by flow
cytometry following the procedure previously de-
scribed [30].

Daunomycin accumulation assays

Steady-state intracellular accumulation assays of the
fluorescent DNM in the absence or presence of Verap-
amil (VRP) was determined as previously described [27,
28].

Apoptosis assay

L1210S and L1210R cells were cultured in fresh medium
and plated at 3·105/well on a 24-well plate. An anti-
mouse Fas monoclonal antibody (2.5–20 lg/ml, clone
Jo2, hamster IgG, k) plus protein G (2 lg/ml) was added
to the cells and incubated for 24 h. As negative control
(NC), we have used a nonrelated antibody of the same
isotype (purified hamster IgG2, k) at 2.5–20 lg/ml, as
specified above. After incubation, apoptosis was evalu-
ated by using FITC-annexin V (Pharmingen) according
to manufacturer’s instructions.

Statistical analysis

Data were analysed with Student’s t test. Significance
was defined as p<0.05.

Results

In vitro proliferation of L1210S and L1210R cells

To study tumour development in mice induced by
murine leukaemia L1210 cells, we studied the in vitro
growth rate of the parental L1210S cells and that of a
DNM-resistant L1210R cell subline (see ‘‘Materials and
methods’’). For this task, L1210S and L1210R cells
(2.0·104 cells/ml) were cultured for 5 days in fresh
medium, and the extent of cellular proliferation was
evaluated by counting the number of viable cells using
trypan blue. As illustrated in Fig. 1, the in vitro growth
behaviour of L1210 cells appears to be biphasic, i.e.
there is an initial slow phase followed by a fast-growing
component. Note that no differences in proliferation
occur between L1210S and L1210R cells in the initial

phase. In contrast, L1210R cells exhibit a conspicuous
�40% slower fast-growing step than their sensitive
counterpart. Thus, acquisition of the resistant pheno-
type affects the in vitro proliferation rate of L1210 tu-
mour cells.

L1210R-based tumours grow slower in vivo than those
produced by L1210S cells

To address the influence of the MDR phenotype on in
vivo tumour development, we compared the tumori-
genicity of L1210S and L1210R cells in syngeneic mice.
For this purpose, 0.5·103 L1210S or L1210R cells were
injected subcutaneously into the right flank of DBA/2
mice, and the time course of tumour development as
well as mouse survival were monitored for >36 days.
The onset of tumour appearance was virtually identical
for both cell lines (data not shown). In contrast, a
conspicuous difference in tumour growth between
L1210S and L1210R cells was observed (Fig. 2a). As
seen, L1210R-based tumours exhibited a remarkable
50% lower proliferation than those originated from
L1210S cells. The difference in in vivo proliferation
between L1210S and L1210R cells is akin to that
displayed in vitro, namely while the initial slow phase
was similar, the rate of tumour production that
followed was different.

The moderate growth capacity of L1210R-based
tumours resulted in a significant prolongation of
mouse survival as compared to animals expressing
L1210S-based tumours (Fig. 2b). It is noteworthy that a
significant 10% of the animals rejected the growth of
L1210R-based tumours and survived them (Fig. 2b).
These results suggest that L1210R cells are less
tumorigenic in vivo than the parental sensitive cell line.
The lower tumorigenicity of L1210R cells might result
from both their slower growth rate and a potential
higher susceptibility to the host immune system.

Fig. 1 In vitro proliferative capacity of L1210S and L1210R cell
lines. Cells (2·104 cells/well) were plated on a P-24 flat-bottom
plate for 5 days, and the number of viable cells was counted by
using trypan blue staining. Data are mean ± SEM of three
separate experiments
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Induction of an immunological response by L1210S or
L1210R cells affects the proliferation of L1210R-based
tumours

To determine if the induction of an immune response
could modulate L1210R-based tumour progress and/or
tumour rejection in vivo, syngeneic mice were preim-
munised with c-inactivated cells from both L1210
sublines. For this purpose, DBA/2 mice were inocu-
lated with 5·105 c-irradiated L1210S or L1210R cells.
Irradiated cells lost their proliferative capacity, as evi-
denced by the lack of cellular growth in culture (data
not shown). After 2 weeks, mice were contralaterally
challenged with 0.5·103 L1210S or L1210R cells, and
the time course of tumour development was monitored
for >36 days. The onset of tumour appearance and the
tumour growth rate did not change significantly after
preimmunisation with either c-irradiated cell subline
(Fig. 3a–f). As seen, L1210S and L1210R tumours were
detectable 6–8 days after inoculation of viable cells
(Fig. 3a, b). Analysis of the tumour growth rate re-
vealed that, independent of the type of cells used to
preimmunise the animals, L1210S-based tumours in
vaccinated animals grew 2.3-fold faster (200 mm2/day)
than L1210R tumours (86 mm2/day) (Fig. 3c, d). In
agreement with these observations, mice inoculated

with L1210S cells survived for only 21 days indepen-
dent of the type of cells used for preimmunisation
(Fig. 3e). In contrast, 25% of mice vaccinated with c-
irradiated L1210S and L1210R cells not only rejected
the development of L1210R-based tumours but sur-
vived this challenge (Fig. 3f). Collectively, a plausible
explanation of these results is that L1210R cells are
more sensitive to the host immune response than the
parental L1210S line, presumably because of some
changes in the expression of surface proteins involved
in immunity.

Differential expression of surface proteins involved
in immunity between L1210S and L1210R cells

The molecular basis underlying the slower growth rate
and higher rejection of L1210R-based tumours in vivo
could be due to the existence of alterations in surface-
expressed antigens that may expose these cells or make
them more sensitive to the immune system. Hence, we
evaluated the expression of surface molecules impli-
cated in cytokine activity (IFN-cR), Fas-mediated
apoptosis (Fas and FasL) and antigen presentation
(MHC class I, class II) on both cell sublines, by flow
cytometry.

Whereas no expression of MHC class II and FasL
molecules was detected in either cell line (data not
shown), a slight but significant increase of IFN-cR was
determined in L1210R cells (Fig. 4b). In addition,
L1210R cells exhibited a significant decrease of Fas
expression with respect to L1210S cells (Fig. 4c), sug-
gesting that the resistant cells could be insensitive to Fas-
induced apoptosis. To evaluate this issue, we compared
the apoptosis induced by an isotype-matched control
with that triggered by an anti-Fas mAb that is capable
of inducing apoptotic cell death in vitro and in vivo
(Fig. 5) [4, 18]. As depicted in Fig. 5a (top) and b, the
anti-Fas mAb (10 lg/ml) induced a �4-fold increment in
L1210S apoptotic death. Fas-induced apoptosis of
L1210S cells remained unaltered in the concentration
range of 2.5–20 lg/ml of antibody (data not shown). A
similar result was observed with tymocytes (Fig. 5a
[bottom] and b). In marked contrast, L1210R did not
respond to Fas-mediated apoptosis up to an antibody
concentration of 20 lg/ml (Fig. 5a [middle], and b), a
result that is consistent with the lower surface expression
of Fas exhibited by these cells.

The most significant difference in surface antigen
observed between L1210S and L1210R cells is a
remarkable fourfold increase of MHC class I expression
in the L1210R cells (Fig. 4a), which is involved in CTL-
related cytotoxicity. No expression differences were ob-
served in MHC class II in either subline (data not
shown). Collectively, these findings demonstrate that
acquisition of the MDR phenotype by L1210 cells is
associated with significant changes in the expression of
surface proteins directly involved in immune response,
specially MHC class I.

Fig. 2 Tumorigenicity of L1210S and L1210R cells in syngeneic
DBA/2 mice. Mice (eight per group) were inoculated (s.c.) in the
right flank with 0.5·103 L1210S (grey circles) or L1210R (black
circles) cells. Growth rate of tumours (a) and percentage of mouse
survival (b) were monitorised from the day of cell inoculation (day 0)
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L1210R cells display similar susceptibility to lysis by
cytotoxic T lymphocytes to that of their sensitive
counterpart

Based on the data of MHC class I expression on resis-
tant cells, we next assessed whether this characteristic of
L1210R cells was responsible for an increased recogni-
tion and elimination of the tumour cells by the host
immune response that would explain the lower tumori-
genicity of L1210R cells related to the parental subline.
For this purpose, we investigated whether both cell lines
could have a different capacity to induce tumour-specific
CTLs as well as different susceptibility as target cells in
cytotoxic assays. As illustrated in Fig. 6, mice immun-
ised with L1210S or L1210R were capable of generating
tumour-specific CTLs. Furthermore, we observed that

CTLs from mice immunised with the parental cell line
lysed both L1210S and L1210R. Similarly, mice im-
munised with L1210R cells were also able to lyse both
sensitive and resistant cells. These results indicate similar
sensitivity to CTL-mediated killing of both parental cells
and their isogenic sublines with the acquired MDR
phenotype. Thus, despite the differential expression of
MHC class I and IFN-cR, our data demonstrate that
both cell lines are capable of inducing CTL activity and
are equally susceptible to in vitro lysis by CTLs.

Discussion

A better understanding of the MDR phenomenon
requires the characterisation of all cellular changes

Fig. 3 Tumorigenicity and
immunological response of
L1210S and L1210R cells in
syngeneic DBA/2 mice. Mice
(eight per group) were
inoculated (s.c.) in the right
flank with 5·105 c-irradiated
cells L1210S (Irrad-L1210S, grey
circles) or L1210R (Irrad-
L1210R, black circles). After
15 days, these mice were injected
s.c. on the left flank with 0.5·103
L1210S (a, c, e) or L1210R (b, d,
f) cells. As control (white circles)
non-preimmunised mice were
inoculated with 0.5·103 L1210S
or L1210R cells. Percentage of
tumour-free mice (a, b), growth
rate of tumours (c, d) and mouse
survival (e, f) were monitored
from the day of viable cell
inoculation (day 0)
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associated with this phenotype. Numerous in vitro
studies using drug-resistant, MDR-transfected or
chemosensitiser-treated cells have shown the up-regula-
tion of extrusion pumps like P-gp on these cells and its
role in different physiological processes [3, 18, 22].
However, few studies have addressed whether acquisi-
tion of the pleiotropic MDR phenotype can modify their
susceptibility to factors other than antineoplastic drugs,
such as the capacity for tumour surveillance by the host
immune system.

Here, we have studied sensitive and resistant cells of
the leukaemic cell line L1210 in its phenotypic and
functional immunological aspects. A salient contribu-
tion of our work is that L1210R cells give rise to tu-
mours that grow much slower than their L1210S
counterparts (Fig. 2c). Furthermore, preimmunisation
with either c-irradiated L1210S or L1210R cells drasti-
cally inhibited L1210R tumour progression and in a
significant 25% subset of animals led to complete tu-
mour rejection and disappearance (Fig. 3b). These

findings imply that L1210R cells have lower in vivo
proliferative capacity and are more easily defeated by
the immune system than the parental drug-sensitive line.
Accordingly, the acquisition of DNM resistance by the
leukaemic L1210 cell line is associated with changes in
the expression of surface antigens that could make
resistant cells more vulnerable to a host immune re-
sponse.

To address this issue, we performed in vitro experi-
ments aimed at correlating the in vivo findings with

Fig. 4a–c Differential expression of surface molecules on L1210S
and L1210R cells. The expression levels were measured by flow
cytometry using specific antibodies (black bars). As NC, a non-
related antibody with the same isotype as the experimental
antibodies (data not shown). A different scale has been used to
represent MHC class I expression. Data are mean ± SEM of eight
separate experiments. *p<0.05; **p<0.01, as compared to
expression levels on L1210S parental cell line (Student’s t test)

Fig. 5 Cell death induced on L1210S and L1210R cells by an
antibody specific for mouse Fas. Cells were incubated with protein
G (2 lg/ml) plus anti-Fas antibody (10 lg/ml) for 24 h. As NC,
protein G (2 lg/ml) plus 10 lg/ml of a non-related antibody from
the same isotype as the anti-Fas antibody (hamster IgG2, k) was
used. Apoptosis was monitored with the annexin V assay. a Flow
cytometry histograms of L1210S, L1210R cells and thymocytes
treated with protein G plus isotype control (NC) or protein G plus
anti-Fas antibody. b Bar histograms of annexin V-FITC assay
results showing background death (white bars) and Fas-dependent
cell death (black bars). Thymocytes were used as positive control
for Fas-induced apoptotic death. Data are mean ± SEM of three
separate experiments. *p<0.05; **p<0.01, as compared to NC
(Student’s t test)
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changes in both the proliferation capacity of L1210 cells
upon acquiring the MDR phenotype, and the expression
of surface molecules involved in immune system recog-
nition. Thus we noticed that L1210R cells proliferated
40% slower than L1210S cells when cultured in vitro in
fresh medium (Fig. 1). Although this characteristic
could significantly contribute to the distinct in vivo
proliferation capabilities between both cell lines, it ap-
pears inadequate to account for the high rejection per-
centage of L1210R-based tumours in vaccinated mice,
implying the occurrence of additional immune mecha-
nisms. In this regard, we analysed whether an increased
susceptibility of L1210R cells to apoptotic stimuli could
be related to the lower tumour progression observed in
L1210R-based tumours in comparison with those in-
duced by L1210S cells. L1210R cells displayed a down-
regulation of Fas molecule with respect to their parental
counterpart, and exhibited a complete insensitivity to
Fas-induced programmed cell death (Fig. 5). Our find-
ings are in agreement with results reported by others
showing that acquisition of MDR in human myeloma
(8226) and T-cell leukaemia (CEM) is accompanied by a

decrease in the number of Fas surface sites and a de-
sensitisation to Fas-induced apoptosis [7, 15–17]. How-
ever, such observations are not compatible with the
involvement of Fas mediating a signalling pathway to
explain the differences in tumour progression between
L1210R- and L1210S-based tumours. Nonetheless,
caution should be exerted, taking into account that
L1210R cells may have a higher susceptibility than
L1210S cells to enter into apoptosis by mechanisms
other than the interaction of Fas with its ligand FasL. In
fact, Castro-Galache et al. [6] have recently reported that
L1210R cells are more sensitive to apoptosis induction
by histone deacetylase inhibitors than the parental
L1210S cell line. In addition, we observed that L1210R
are more sensitive to stress by nutrient deprivation,
especially when growing at a high cellular density (data
not shown). Thus, while acquisition of the MDR phe-
notype insensitises the tumour cells against Fas-induced
cell death, it may concomitantly prime these cells to
other cell death-inducing pathways.

Interestingly, L1210R cells display a substantial up-
regulation of MHC class I, a molecule which plays a key
role in CTL-mediated cytotoxicity. The higher expres-
sion of MHC class I should increase the efficiency of
L1210R cells in tumour-associated or tumour-specific
antigen presentation, thus favouring its detection by the
tumour-specific CTLs [24, 29]. These findings provide a
molecular explanation for previous observations
describing a higher immunogenicity of L1210R cells
related to an increment in the amount or density of tu-
mour-associated antigens on the cell surface [11, 21].
Our results (Fig. 6) show that the enhanced expression
of MHC class I in L1210R cells did not make any dif-
ference in the capacity of these cells to induce tumour-
specific cytotoxic cells or in their sensitivity to lysis in
vitro by the effector cells. These results are in agreement
with Scheper et al. [23] who have shown that the selec-
tion of RPMI-8226 myeloma cells for resistance to
doxorubicin or mitoxantrone did not alter the sensitivity
to in vitro lysis by LAK or NK. Additionally, data from
Shtil et al. [25] demonstrate similar sensitivity to CTL-
mediated killing of MPC11 parental cells and their
isogenic sublines with acquired MDR. In our system,
differential contribution of NK cells and CTLs to
tumour cytotoxicity could account for the similar results
observed in L1210S and L1210R cells. A plausible
explanation is the presence of a ‘‘compensatory mecha-
nism of lysis’’ exerted by NK cells and CTLs. At the first
stages of tumour development, innate immunity would
defend the organism from proliferation of transformed
cells; in particular, NK cells would recognise tumour
cells with a deficient expression of class I molecules. The
decreased expression of MHC I molecules in L1210
sensitive cells would make them sensitive targets of NK
cells. In contrast, the higher expression of MHC class I
on L1210R cells would protect them from the initial
attack by NK cells, but would increase their suscepti-
bility to specific immunity, i.e. recognition and killing
by CD8+ T cells. This coordinated mechanism of

Fig. 6 Cytotoxic activity of L1210S- or L1210R-immunised mice.
a Specific lysis of L1210S cells (target cells) by splenic cells from
control, L1210S- or L1210R-immunised mice. b Specific lysis of
L1210R cells (target cells) by CTLs from control, L1210S- or
L1210R-immunised mice. Data are mean ± SEM of four separate
experiments
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cytotoxicity would be consistent with the similar lytic
activity obtained from cytotoxic splenic cells against
L1210S and L1210R cells. Taken together, these data
demonstrate a host-induced immune response by
L1210S and L1210R cells, and suggest that lysis of tu-
mour cells by NK or CTLs may contribute to, but it
does not appear to determine, the lower tumorigenicity
of resistant vs sensitive cells. Further studies are neces-
sary to uncover the molecular mechanisms underlying
the reduction in in vivo tumorigenicity of MDR cells.

In summary, our findings lend support to previous
observations that the generation of immunogenicity was
characteristic of tumour resistance [10]. Indeed, Fichtner
et al. [10] found that drug-resistant P388/Mitox and
P388/Vinc developed immunogenicity that was absent in
the parental cell line P388. Furthermore, vaccination
with lethally irradiated drug-resistant cells resulted in a
substantial rejection of viable tumour cells of the same
line. Moreover, Azuma et al. [2] demonstrated CTL
generation against the MDR cell line P388/ADR but not
against the parental cells. Although additional experi-
mental evidence is required, our results along with those
of Fichtner et al. [10] suggest that acquisition of drug
resistance is concomitantly associated with increased
immunogenicity.

Conclusion

In conclusion, we reported that tumours from resistant
cells grow at a slower rate in vivo, and are more sensitive
to preimmunisation with either c-irradiated cells. The
slower growth rate may be explained in terms of a higher
susceptibility to spontaneous apoptotic death. The
higher rejection of L1210R-based tumours as compared
with those of the parental, sensitive line might be due to
significant changes in the expression of tumour-specific
or tumour-associated antigens presented in the context
of MHC class I molecules that show higher expression
levels on the resistant cells in comparison to the sensitive
cell line. These facts would make these cells more
noticeable to a host immune response. However, a
slower metabolic rate of resistant tumours and/or de-
fects on angiogenesis cannot be fully ruled out [16]. It is
tempting to propose that adjuvants or agents that
stimulate and potentiate the immune response against
resistant tumour-presenting antigens, alone or in com-
bination with antineoplastic drugs, may decrease the
devastating effects of the MDR phenotype. Thus, more
studies toward a precise characterisation of the immu-
nological characteristics of resistant tumours should be
performed for efficient therapy design.
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