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Abstract
Purpose Electrochemotherapy (ECT) is an eVective local
therapy of human cutaneous cancers but has no eVect on
distant untreated tumors. We addressed whether tumor-
associated antigens released after ECT could induce an
eYcient systemic immunity when associated with an appro-
priate immunoadjuvant.
Methods and results We Wrst studied the nature of the cel-
lular recruitment and the expression of various toll-like
receptors (TLRs) in tumors treated by ECT. We found that
ECT induced a massive recruitment of CD11c and CD11b
positive cells in the tumors and a strong increase of TLR9

expression. We then tested antitumor eVects of the combi-
nation: ECT followed by TLR-9 ligands, CpG oligodeoxy-
nucleotides (CpG ODN), in three murine tumor models.
We found that this combination triggered both potent local
synergistic antitumor eVects, on the ipsi-lateral ECT-treated
tumor, and more interestingly, a systemic antitumor
response on the contra-lateral untreated tumor, in the three
models. The systemic protection was T-cell dependent as it
was not observed in nude littermates. The combination
induced tumor-speciWc T cell eVectors in the tumor-drain-
ing lymph nodes and in the spleen which secreted signiW-
cantly more gamma-interferon upon activation than with
ECT or CpG ODN alone.
Conclusions Our data show that ECT and CpG ODN syn-
ergize and induce a signiWcant increase of the local eVect
and a systemic T-dependent antitumor response. Such com-
bination constitutes a potential innovative vaccination strat-
egy using in situ tumor-associated antigens that could
eventually be translated into the clinic.

Keywords Electrochemotherapy · Immunotherapy · CpG 
oligodeoxynucleotides · Melanoma

Introduction

A decade ago electrochemotherapy (ECT) emerged as a
new method to cure cutaneous cancers [26]. It is based on
the permeabilization of the tumor cell membrane by means
of short and intense electric pulses allowing entry of a
highly cytotoxic non-permeant drug, like bleomycin, into
the cytosol [24, 30]. It is now established as an eYcient,
local, inexpensive treatment that can be oVered to patients
with unresectable malignant melanoma, basal cell carci-
noma, squamous cell carcinoma, adenocarcinoma and
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Kaposi’s sarcoma [20, 32]. Nonetheless, ECT alone is a
local treatment with only palliative eVects and is therefore
of limited utility for metastatic patients. However, ECT
induces a rapid and massive cell death in the tumor in vivo
[21], with dying cells and thus tumor-associated antigens
(TAA) remaining in situ. We and others [19] have already
demonstrated that various cell destruction processes, like
�-irradiation or anthracyclines, can induce T cell-dependent
antitumor eVects in addition to their cytotoxic eVects [9,
29]. In a recent paper, den Brok and colleagues showed that
the induction of tumor protective immunity is dependent on
the presence of the cryo-destructed tumor material since
mice were not immunized if the cryo-ablated tumors were
excised [11]. However, most of these processes do not trig-
ger eYcient immune responses when used alone. Likewise,
in the context of ECT alone, TAA do not seem to be pre-
sented eYciently to immune cells since no signiWcant dis-
tant antitumor eVect could be observed in animal [28] or in
human [32]. Therefore our goal was to take advantage of
this “on-site” tumor destruction and to increase the tumor
immunogenicity after ECT.

Our Wrst step was to identify an immune adjuvant that
could be associated to ECT and induce a danger signal
which could optimize cross-presentation of ECT-induced
TAA by antigen-presenting cells (APC). We demon-
strated by immunohistochemistry that ECT induced a
recruitment of myeloid cells and by RT-PCR that TLR9
expression was strongly increased in the tumor after ECT.
Accordingly, we chose to associate ECT to a potent TLR9
ligand, i.e., oligodeoxynucleotides containing unmethy-
lated CpG motifs (CpG ODN) which are known to mimic
the eVect of bacterial DNA and to stimulate APC to induce
a favourable environment to the development of a Th1
response and the generation of cytotoxic T lymphocytes
[10, 31, 34].

We report here the antitumor eVect of the combination of
ECT plus CpG ODN in three tumor models and demon-
strate that CpG ODN not only enhance the local eVects of
ECT but also trigger a systemic immunity mediated by T
cells.

Materials and methods

Mice

C57BL/6 Female (H-2b) were obtained from the Center
d’Elevage Janvier (Le Genest, St Isle, France) and male
nude swiss mice were produced locally. All the animals
used at 8–20 weeks of age were handled in the animal
housing facility of the Institut Gustave Roussy according to
the Experimental Animal Ethics Committee Guidelines
(Val de Marne, France).

Cell lines

All the cell lines (LPB, B16OVA and B16F10) were main-
tained in vitro at 37°C with 5% of CO2. LPB cells were
derived from a methylcholanthrene induced-sarcoma in
C57BL/6 mice [3]. These cells were cultivated in minimal
essential medium (Gibco, Cergy-Pontoise, France) supple-
mented with 8% of heat inactivated foetal calf serum
(Gibco), 100 U/ml of penicillin and 100 �g/ml of strepto-
mycin (Gibco). The stable line B16OVA was kindly pro-
vided by the Dr K.L. Rock. B16OVA cells were cultivated
in RPMI 1640 medium (Gibco) supplemented with 8% of
foetal calf serum, 100 U/ml of penicillin and 100 �g/ml of
streptomycin and 1% of the following substances: L-gluta-
mine, sodium pyruvate, non essential amino-acids (Gibco).

Murine tumor models

Mice were inoculated with 106 LPB or 5.105 B16OVA or
B16F10 cells into the left Xank. Three days later, the same
cells were injected into the right Xank. Electrochemother-
apy was performed at day zero on the left side when the
tumor size reached 3–5 mm mean diameter. At day zero,
the untreated right tumors were smaller but already palpa-
ble and easy to measure. Animals were followed up by
measuring the two largest perpendicular tumor diameters a
and b (a > b). Tumor volumes (V) were calculated using the
V = ab²�/6 formula.

Anaesthesia

Mice were anaesthetized with 150 �l of a mixture com-
posed of xylazine 12.5 mg/kg (Bayer Phama, Puteaux,
France) and ketamine 125 mg/kg (Parke Davis, Courbe-
voie, France) injected intraperitoneally before the treatment
by electroporation or electrochemotherapy.

Electrochemotherapy

Ten (LPB model) or 30 �g (B16OVA and B16F10 models)
of bleomycin (Roger Bellon, Neuilly, France) were injected
intravenously in the anaesthetized mice. Four minutes after
the injection, eight square electric pulses of 100 �s and
1,300 V/cm were delivered at a frequency of 5,000 Hz by
5 mm apart plate electrodes placed on both sides of the
tumor and connected to an electropulsator (Cliniporator™,
Igea, Carpi, Italy).

Immunotherapy

PuriWed phosphorothioate single-stranded sequences were
5�-TAAACGTTATAACGTTATGACGTCAT-3� for the
unmethylated CpG motif-containing oligodeoxynucleotides
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(CpG ODN) and 5�-TGACTGTGAAGGTTAGAGATGA-
3� for the control sequence (control ODN) in which the
CpG motifs have been mutated (Eurogentech, Seraing, Bel-
gium). Thirty or 50 �g of CpG ODN were diluted in NaCl
0.9% and 100 �l were injected respectively in LPB tumors
or B16OVA and B16F10 tumors at days two and nine after
the ECT.

Immunohistochemistry

Mice bearing LPB tumor on the Xank were treated by ECT
and tumors were surgically removed at diVerent time points
after ECT. Tumors were snap-frozen in OCT and stored at
¡80°C. Frozen sections (10 �m) were thawed, Wxed in ace-
tone at 4°C and incubated for 30 min with anti-CD4
(1:3,000, clone H129.19), anti-CD8 (1:1,000, clone 53-6.7),
anti-CD86 (1:50, clone GL1), anti-CD11b (1:600, clone
M1/70), anti-CD80 (1:50, clone 16-10A1) (BD Pharmin-
gen) and anti-CD11c (1:50, clone N418, Caltag Laborato-
ries, Burlingame, CA) monoclonal antibodies (mAbs). The
Wrst four mAbs were then incubated for 30 min with a rab-
bit anti-rat mAb (DakoCytomation, Glostrup, Denmark)
followed by rat alkaline phosphatase anti-alkaline phospha-
tase (APAAPcomplexes; DakoCytomation). The last two
mAbs were incubated with a biotinylated anti-hamster mAb
(Vector Laboratories Inc., Burlingame, CA) for 30 min
followed by incubation with avidin biotinylated alkaline
phosphatase (ABComplex/AP; DakoCytomation). Enzyme
reaction was developed with Fast Red substrate (DakoCy-
tomation).

TLRs expression in tumors by quantitative RT-PCR

To study TLRs tumor RNA expression after electroche-
motherapy we used a quantitative RT-PCR. Samples
were obtained from mice bearing a subcutaneous LPB
tumor on the Xank treated by electrochemotherapy.
Human samples were obtained from cutaneous metasta-
ses from patients with metastatic melanoma treated at the
Institut Gustave Roussy. Informed consents were
obtained from all patients. RNA isolation from tumors
was performed with TRI Reagent (Sigma–Aldrich, St-
Louis, MO) following the manufacturers recommenda-
tions. One microgram total RNA was reverse-transcribed
in a 20 �l volume reaction. The complementary DNAs
(cDNAs) were then diluted 1/20 in nuclease-free water.
cDNA equivalent to 25 ng total RNA were used to carry
out PCR for mTLR3, mTLR4, mTLR7 and mTLR9 with
ready to use Gene Expression Products (Applied Biosys-
tems) in a unique PCR master mix (Applied Biosystems).
Real-time PCR was developed on the ABI Prism 7700
sequence Detector. For each experiment, ampliWcation of
18 s ribosomal DNA was carried out simultaneously as

an endogenous control of the total RNA quantity in the
reaction.

SpeciWc immune response analysis

The speciWc immune-response was studied in the draining
lymph nodes of mice bearing a B16OVA tumor in the leg.
Electrochemotherapy was performed when the tumor
reached 5 mm average diameter. Fifty microgram of CpG
ODN were diluted in NaCl 0.9% and 50 �l were injected
into the tumors at day two after the ECT. The day after the
intratumoral injection of CpG ODN, mice were killed and
inguinal lymph nodes were harvested and crushed in cell
strainers. Cells were stained with PE H-2Kb OVA257–264 tet-
ramers (Beckman Coulter, Fullerton, CA) for 30 min at
room temperature and then with FITC anti-CD3 mAb and
APC anti-CD8� mAb (BD Pharmingen, San Diego, CA) in
the same conditions. Stained cells were washed in PBS1X
before analysis with a FACSCalibur (Becton Dickinson).
Naïve mice and mice immunized into the right footpad with
45 �g of OVA257–264 peptide mixed with 30 �g of CpG
ODN were used respectively as negative and positive con-
trols of the tetramer staining. Alternatively, 105 lymph node
cells per well were restimulated in vitro with 1 mg/ml of
ovalbumin (Calbiochem, San Diego, CA) in complete
medium for 48 h prior to the collection of the supernatants
to quantify IFN � production by ELISA (BD Pharmingen,
San Diego, CA). Mice bearing a B16OVA tumor in the
Xank were treated and killed ten days after the second injec-
tion of CpG ODN to remove spleens. 5 £ 105 splenocytes
per well were restimulated in vitro as above.

Statistics

Statistical signiWcance (P < 0.05) was determined by the
two tailed Mann–Whitney’s t test or by Fisher’s exact test.

Results

In situ recruitment of immune cells after ECT

In situ, ECT induces a massive cell death of the tumor cells
within 24 h after treatment [21] but also induces a recruit-
ment of mononuclear leucocytes with high density in the
area where a large fraction of apoptotic cells was also pres-
ent [21]. The nature of these inWltrating leucocytes has not
yet been identiWed. To characterize the immune cells
recruited after ECT, mice bearing a 5 mm diameter LPB
Wbrosarcoma were treated by ECT and the tumors were sur-
gically removed at diVerent time points after the ECT and
examined for the CD11b, CD11c, CD80, CD86, CD4 and
CD8 cells inWltration. We found that tumor-inWltrating
123
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CD11b and CD11c positive cells were largely recruited
from 48 to 96 h after ECT, when compared to basic inWltra-
tion of untreated tumors (Fig. 1a). This recruitment was
associated with a similar increase of CD80 and CD86 posi-
tive cells (Table 1). CD8 cells were mostly present into the
tumors at later time points (72 and 96 h), while the number
of CD4 cells remained stable (Table 1). Therefore ECT
treatment provokes the recruitment of DCs and myeloid
cells, both known to be capable of antigen presentation.

In order to identify a suitable immunologic adjuvant that
could eYciently bind to receptors expressed by cells
recruited in situ, and since dendritic cells and macrophages
are known to express various TLRs according to their sub-
type [15], we studied the expression of various TLRs, i.e.
TLR3, TLR4, TLR7 and TLR9, by quantitative RT-PCR in

the context of tumors treated by ECT. Messenger RNAs
extracted from non-treated tumors or tumors electroporated
without bleomycin were used as controls for basal expres-
sion of TLRs. As described in Fig. 1b, TLR9 expression
was strongly enhanced in tumors 48 h after ECT, whereas
TLR4 (data not shown) and TLR3 signal did not increase
and TLR7 was slightly enhanced.

Thus, ECT induced at 48 h a massive inWltration of
potential APC expressing CD11c or CD11b associated with
a signiWcant increase of the TLR9 mRNA expression. We
therefore chose to combine ECT to injections of CpG ODN
directly into the tumor.

Potentiation of local and induction of systemic antitumor 
eVects of ECT by CpG ODN

We used a model in which two tumors were inoculated sub-
cutaneously on each Xank of the mice, but only one was
treated by either ECT alone, intratumoral CpG ODN injec-
tions or the combination of these two treatments. With this
model we could study both local and systemic eVects of the
treatment by following tumor growth on each Xank.

ECT eYcacy was dramatically enhanced by CpG ODN
as this combination resulted in the complete regression of
all local treated LPB tumors (Fig. 2a). In contrast, ECT or
CpG ODN performed alone were less eYcient locally and
resulted in only 43 and 29% of complete tumor regressions,
respectively (Fig. 2a). This demonstrated a synergistic
eVect of this association in curing established tumors.

Fig. 1 In situ recruitment of 
myeloid cells and expression of 
TLRs mRNA in tumors after 
ECT. ECT was performed on 
mice bearing an established LPB 
tumor on the Xank. a non-treated 
tumors or ECT-treated tumors 
were surgically removed 24, 48, 
72 and 96 h after the treatment. 
Frozen histological sections 
were stained with anti-CD11c 
and anti-CD11b antibodies and 
representative sections are 
shown here (magniWcation 
£200). b Expression of TLRs 
mRNA was determined by quan-
titative RT-PCR in non-treated 
tumors, tumors electroporated 
without bleomycin (EP) and 
ECT-treated tumors obtained 6, 
24 and 48 h after the treatment. 
Each value was calculated as 
fold increase relative to value 
obtained from spleen mRNA. 
Means with SE from three mice 
per group are shown in a repre-
sentative experiment out of three

Table 1 Immunohistochemical analyses of tumor-inWltrating cells
after ECT

Semi-quantitative evaluation of antigen expression in tumor sections.
Immunohistochemical staining was performed with various antibodies
in two independent experiments. Histological sections were obtained
from non-treated LPB tumors (n = 3) or treated tumors removed 24,
48, 72 and 96 h after ECT (n = 3)

CD11b CD11c CD80 CD86 CD8 CD4

ECT 24 h ++ + + ++ ¡ +

ECT 48 h ++ ++ ++ ++ + +

ECT 72 h +++ +++ +++ ++ ++ +

ECT 96 h ++++ +++ ++++ +++ ++ +

Untreated + + + + ¡ +
123
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Moreover the combined treatment induced a systemic anti-
tumor eVect with 57% of rejections of the distant untreated
tumors (Fig. 2b). Mice that had rejected LPB tumors on
both sides remained tumor-free for two months. Finally, the
combined treatment resulted in a speciWc memory immu-
nity as these mice were protected against a rechallenge with
the same tumor but not with an unrelated B16F10 tumor
2 months after the end of the treatment (data not shown).
On the contrary, ECT alone did not trigger any regression
in the distant tumor and injections of CpG ODN alone
cured only 14% of the distant tumors (Fig. 2b). Experi-
ments were also performed with a control ODN without
CpG motifs which had no local or systemic activity neither
as single treatment nor in combination with ECT (Fig. 2).
We also investigated the eYciency of the combined treat-
ment in B16OVA and B16F10 melanomas. In these mod-
els, both the local and distant eVects were signiWcantly
superior with the association than with ECT or CpG ODN
alone (Fig. 3 and data not shown). In the B16OVA model,
animals treated by ECT-CpG ODN had a mean tumor vol-
ume of 270 mm3 § 158 at day 22 whereas those treated by
CpG ODN or ECT had a higher mean tumor volume of
2,329 mm3 § 323 (P < 0.05) and 1,929 mm3 § 252 (P <
0.05), respectively (Fig. 3a). Systemic eVect was also sig-
niWcantly greater with the combined treatment (mean tumor
volume § SE, 415 mm3 § 75) than with ECT (1,963 mm3

§ 114, P < 0.05) or CpG ODN (1,305 mm3 § 110,
P < 0.05) alone (Fig. 3b).

Altogether, these results indicate that in three tumor
models, combination of ECT plus CpG ODN is highly
eYcient to reduce local tumor growth and leads to a sys-
temic antitumor response.

T cells are essential eVectors for the combined treatment 
distant eYcacy

We investigated the role of T cells in the antitumor eVects
described above by reproducing the same experiments in
nude mice. In the LPB model, the local synergistic eVect of
the association was not achieved and no tumor were
rejected (Fig. 4a). Moreover, the systemic eVect was totally
abolished in these T cell deWcient mice (Fig. 4b). In the
B16OVA model, the local eVect of the association was not
signiWcantly diVerent from what was observed in immuno-
competent mice, however, here again, the systemic eVect of
the combined treatment was abrogated (Fig. 5b). Thus, the
systemic antitumor eVect of the association ECT plus CpG
ODN is dependent on the presence of T cells.

SpeciWc immune response analysis

In order to identify antigen-speciWc T cells we used the
B16OVA model. Treatments were performed on mice
bearing a subcutaneous B16OVA tumor in the leg and we
examined the frequency of OVA257–264-speciWc CD8 T
cells within inguinal tumor-draining lymph nodes by

Fig. 2 Local and systemic 
potentiation of ECT by CpG 
ODN in the LPB Wbrosarcoma. 
Mice were inoculated with 106 
LPB cells on each side and were 
only treated on the left side when 
the tumor reached 5 mm diame-
ter. ECT was performed as a sin-
gle session treatment at day 0. 
A dose of 30 �g of CpG ODN or 
control CpG was delivered into 
the left tumors at days 2 and 9. 
Results show the monitoring of 
the treated tumors (a) and the 
non treated tumors (b) in a repre-
sentative experiment out of three 
and values indicate the percent-
age of complete regression 
(n = 7 per group, *P < 0.05)
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tetramer staining. As shown in Fig. 6a, ECT-CpG ODN
induced an increased frequency of tetramer positive CD8
T cells (0.58 § 0.04%) compared to ECT alone
(0.18 § 0.01%) or CpG ODN alone (0.30 § 0.08%). Tet-
ramer staining of lymphocytes from non-tumor-bearing
naïve mice revealed no non-speciWc Wxation and mice
immunized with OVA257–264 peptide plus CpG ODN into
the footpad induced 0.45 § 0.14% of positive tetramer
cells among CD3 CD8 T cells in the draining lymph node
(data not shown).

More important than the number of speciWc T cells
induced by this treatment, is the function of these T cells.
Therefore, we studied the IFN� producing capability of
these cells both in the tumor-draining lymph node and in
the spleen of treated animals. Our results showed that IFN�
production after a two days in vitro stimulation in the pres-
ence of ovalbumin was signiWcantly increased in tumor-
draining lymph nodes and in the spleen of the mice treated
with the combined treatment compared to the mice receiv-
ing ECT or CpG ODN alone (Fig. 6b, c). These Wndings

suggest that the combination of ECT and CpG ODN induce
a speciWc functional activation of T cells both regionally
(draining lymph node) and systemically (spleen).

Discussion

Association of tumor destruction and immune stimulation
is an attractive way of tumor vaccination. The underlying
rational is that tumor-associated-antigens (TAA) available
on the tumor site after tumor destruction can be the source
of vaccine antigens and that the combined use of an appro-
priate immune adjuvant can induce an immunogenic envi-
ronment, allowing an eYcient cross-presentation of TAA to
the immune system. This paradigm has been shown to be
eYcient in several animal tumor models using various ways
of tumor destruction like radiotherapy, chemotherapy or
cryoablation combined with diVerent immune-stimulating
agents like anti-CTLA-4 antibodies [12] or CpG ODN [11,
22, 23, 35]. One major advantage of these endogenous

Fig. 3 Local and systemic 
potentiation of ECT by CpG 
ODN in the B16OVA mela-
noma. Mice were inoculated 
with 5.105 B16OVA cells on 
each side and were only treated 
on the left side when the tumor 
reached 5 mm diameter. ECT 
was performed as a single ses-
sion treatment at day zero. A 
dose of 50 �g of CpG ODN was 
delivered into the left tumors at 
days 2 and 9. Results show the 
monitoring of the treated tumors 
(a) and the non-treated tumors 
(b) in a representative experi-
ment out of two (n = 7 per group, 
*P < 0.05)
123
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vaccination strategies combining TAA exposure and APC
activation is that they dispend from TAA preparation or
administration, and from the diYcult and expensive den-
dritic cell preparation from the patients’ monocytes or
CD34 progenitors.

ECT represents an alternative method of tumor destruc-
tion applicable to non resectable cutaneous and subcutane-
ous primary or metastatic tumors. Since the Wrst clinical
trial [4] ECT has demonstrated high response rates on
localized metastases. The multicentric ESOPE clinical
study establishing the standard operating procedures of
ECT [25] (the drug and its route of administration, the type
of electrodes) reached an objective response rate of 85%
including 73.7% of complete responses [20]. This study
demonstrated that ECT eYcacy is independent of the his-
tology and the volume of the tumor. Nevertheless, ECT is a
local treatment without any eVect on the non-treated metas-
tases. However, since the Wrst in vivo applications of ECT
to treat established tumors [26], it appeared that the
immune system was partially involved as ECT was less
eYcient in nude mice than in immunocompetent animals

[26, 27]. Similar results were found with ECT using cis-
platin [33]. These results are in accordance with our data
showing that several cytotoxic agents, like �-irradiation or
anthracyclines, also induce T cell-dependent antitumor
eVects (9, 29). In humans, ECT combined to IL-2 did not
induce any eVect on distant metastases [1]. We looked for
an adjuvant delivering a danger signal and stimulating APC
in situ which seems to us more suitable than IL-2, espe-
cially since IL-2 has been shown to amplify regulatory T
lymphocytes in human [36].

First, we showed that ECT induced the recruitment of
immune cells including activated DCs on the site of tumor
damage (Fig. 1a; Table 1). We then tested by quantitative
RT-PCR, the expression of various TLRs in the tumor after
ECT and found that expression of TLR9 increased signiW-
cantly more than the other TLRs tested, namely TLR3,
TLR4 and TLR7. However it remains to be established
whether dendritic cells and/or macrophages may account
for tumor TLR9 increase among inXammatory cells
recruited in situ. Furthermore, CpG ODN are known to
induce a Th 1 type immune response and have already been

Fig. 4 EVects of ECT-CpG 
ODN in nude mice bearing two 
LPB tumors. Nude mice were 
inoculated with 106 LPB cells on 
each side and were only treated 
on the left side when the tumor 
reached 5 mm diameter. ECT 
was performed as a single ses-
sion treatment at day zero. A 
dose of 30 �g of CpG ODN was 
delivered into the left tumors at 
days 2 and 9. Results show the 
monitoring of the treated (a) and 
non-treated (b) tumors (n = 5–7 
per group)
123
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proved to be eYcient in several animal tumor models [7, 8,
14, 16]. Altogether, the results from our post-ECT tumor
TLR9 expression and DCs recruitment led us to test the
combined treatment: ECT followed by intratumoral CpG
ODN injections.

Our results demonstrated both local and systemic eVects
of ECT-CpG ODN in several murine tumor models. On the
one hand, ECT-CpG ODN demonstrated a local synergistic
eYcacy in treating established tumors. Complete regres-
sions of LPB tumors were enhanced from 43 to 100% when
CpG ODN were combined to ECT (Fig. 2a). In a more
aggressive tumor model like B16OVA melanoma, ECT-
CpG ODN combination induced a growth arrest of the
tumors whereas ECT or CpG ODN alone remained poorly
eYcient (Fig. 3a). More importantly, ECT-CpG ODN trig-
gered a systemic antitumor immune response. Indeed, the
combined treatment induced complete rejections in 57% of
the distant untreated LPB tumors (Fig. 2b) and induced a
speciWc immune memory, protecting the mice against a
tumor rechallenge 2 months after tumor rejection. In the
B16OVA model, ECT-CpG ODN combination was able to

signiWcantly reduce tumor growth of the distant tumor
(Fig. 3b). As expected, CpG ODN or ECT alone had
respectively little or no eVect on the growth of the distant
tumor in the two models.

Disappearance of this systemic eVect in nude mice
(Figs. 4, 5b) illustrated the critical role of T cell mediated
immune response in the distant antitumor eVect. We
showed that the combined treatment could enhance the fre-
quency of tumor speciWc CD8 T cells in the tumor-draining
lymph nodes (Fig. 6a). Moreover these T cells were able to
secrete a large amount of IFN� in response to an in vitro
speciWc stimulation (Fig. 6b). To explore the systemic T
cell speciWc response, we performed the same functional
assay in the spleen and found a highly signiWcant increase
of INF� production by splenocytes from mice treated with
the combination compared to mice treated by ECT or CpG
ODN alone (Fig. 6b). Therefore, the combined treatment
induces a distant antitumor response dependent on func-
tional tumor speciWc T cells. We can hypothesize that
tumor-antigens available after ECT-induced cell death
could be eYciently taken-up by DCs recruited following

Fig. 5 EVects of ECT-CpG 
ODN in nude mice bearing two 
B16OVA tumors. Nude mice 
were inoculated with 5.105 
B16OVA cells on each side and 
were only treated on the left side 
when the tumor reached 5 mm 
diameter. ECT was performed as 
a single session treatment at day 
zero. A dose of 50 �g of CpG 
ODN was delivered into the left 
tumors at days 2 and 9. Results 
show the monitoring of the treat-
ed (a) and non-treated 
(b) tumors (n = 5–7 per group)
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ECT that are locally activated by CpG ODN. These acti-
vated DCs might further migrate to draining lymph nodes
to induce an eYcient systemic immune response.

Both ECT and CpG ODN are already available for treat-
ment in humans. ECT is simple, reproducible and can be
performed under local anaesthesia. CpG ODN tested in
cancer patients seemed to show promising results with a
good tolerance proWle in preliminary studies [5, 18]. How-
ever, in the case of large tumors CpG ODN eYciency
decreases [17] suggesting that this adjuvant must be used
with additional tumor reduction strategies. The combina-
tion of immunotherapy with tumor reduction treatments in
order to use the tumor as a vaccine could be a new chal-
lenge for the next years.

Since TLR9 is diVerentially expressed in mice and
humans, i.e. on myeloid DCs and monocytes/macrophages
in mice and plasmacytoid DCs and B cells in humans, it is
possible that other TLR ligands might be more adapted than
TLR9 ligands for a therapeutic use in association with ECT
in humans. Furthermore, several studies have also sug-
gested that the optimal CpG motif might diVer between
mice and humans [2, 13]. However, our preliminary results
showed an increase of TLR9 mRNA expression 24 h after

ECT, compared to non-treated tumors, in two out of three
patients presenting skin melanoma metastases (data not
shown). The CpG ODN we used here harbor the 5�-
AACGTT motif that has a good eYcacy in both human and
rodents [6]. Therefore, we think that this particular associa-
tion is promising and should be evaluated for its eYcacy in
patients presenting with cutaneous or subcutaneous metas-
tases.
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