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Immunogenic cell death induced by anticancer chemotherapy is characterized by a series of molecular hallmarks that include the
exodus of high-mobility group box 1 protein (HMGB1) from dying cells. HMGB1 is a nuclear nonhistone chromatin-binding
protein. It is secreted at the late stages of cellular demise and engages Toll-like receptor4 (TLR4) on dendritic cells (DCs) to
accelerate the processing of phagocytic cargo in the DC and to facilitate antigen presentation by DC to T cells. The absence of
HMGB1 expression by dying tumor cells exposed to anthracyclines or oxaliplatin compromises DC-dependent T-cell priming by
tumor-associated antigens. Here, we show that transplantable tumors exhibiting weak expression of nuclear HMGB1 respond to
chemotherapy more effectively if the treatment is combined with the local or systemic administration of a highly purified and
physiochemically defined and standardized lipopolysaccharide solution, which acts as a high-potency and exclusive TLR4
agonist, called Dendrophilin (DEN). The synergistic antitumor effects mediated by the combination of chemotherapy and
immunotherapy relied upon the presence of the MyD88 (myeloid differentiation primary response gene) adapter of TLR4 (but not
that of the TIR-domain-containing adapter-inducing interferon-b adapter), in line with the well-characterized action of DEN on the
MyD88 signaling pathway. DEN and anthracyclines synergized to induce intratumoral accumulation of interferon-c-producing
CD4þ and CD8þ T lymphocytes. Moreover, DEN could restore the immunogenicity of dying tumor cells from which HMGB1 had
been depleted by RNA interference. These findings underscore the potential clinical utility of combination regimens involving
immunogenic chemotherapy and certain TLR4 agonists in advanced HMGB1-deficient cancers.
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We1 and others2 have described the concept of ‘immunogenic
cell death’ (ICD) in cancer as a modality of cell demise
triggered by a minority of cytotoxic agents that ultimately elicit
an antitumor-specific T-cell immunity. Some anticancer
treatments, such as ionizing irradiation or chemotherapy with
anthracyclines, oxaliplatin or cyclophosphamide are far more
efficient when applied to immunocompetent than to immuno-
deficient mice developing tumors from the same cellular
origin. This observation prompted the search for the molecular
links between tumor cell death, stimulation of pathogen
recognition receptors and natural or adaptive immunity.
Preclinical data revealed that dying tumor cells can emit a
series of danger signals (so called ‘damage-associated
molecular patterns’ (DAMPs) that dictate the recruitment
and activation of specific myeloid immune effectors, hence
triggering the first line of the innate response.3 Such DAMPs
include metabolic alterations (extrusion of ATP into the
extracellular space),4,5 alterations of the cell surface (such

as the exposure of calreticulin on the plasma membrane6 and
changes in the pericellular microenvironment (such as the
nuclear and cellular exoduses of the chromatin-binding
protein, high-mobility group box-1, HMGB1)7 that ultimately
ignite an anticancer immune response. Such an immune
response involves a complex hierarchy of immune effectors,
including monocyte-derived dendritic cells (DCs) producing
interleukin-1b, g/d T-cells producing interleukin-17 and con-
ventional CD8þ a/b T-cells producing interferon-g (IFN-g).4,8,9

Although Toll-like receptors (TLRs) were originally
described to detect microbial products only,10 endogenous
danger signals from dying cells can bind TLRs as well, and,
hence, they can modulate adaptive immune responses.11 The
systematic screening for a role of TLRs in the efficacy of
chemotherapy or radiotherapy led us to unveil the elective
contribution of TLR4 in these antitumor effects.7 TLR4 present
on the surface of DCs recognizes its endogenous ligand
HMGB1, which is released from dying tumor cells, and this
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ignites a MyD88 (myeloid differentiation primary response
gene)-dependent signaling pathway essential for the percep-
tion of ICD. The TLR4/MyD88 pathway elicited by HMGB1
inhibits the fusion between phagosomes and lysosomes,
thereby facilitating tumor antigen processing, which is

required for the induction of restimulation of cellular immune
responses against cancer cells.7,12 Hence, the immunogeni-
city of tumor cells exposed to anthracyclines is lost in mice
presenting with genetic defects in TLR4 (such as the natural
C57C3H tlr4mutation or knock out of the Tlr4 gene induced by
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Figure 1 Nuclear HMGB1 is weakly expressed in established mouse tumors. (a) Typical staining of paraffin-embedded CT26 and MCA205 cell lines cultured in vitro, or
after ex vivo conditioning and at day 12 and 22 post inoculation in BALB/c or C57BL/6 mice using anti-HMGB1 Ab. Control staining patterns using an isotype control antibody
indicated no specific labeling of nuclei or cytoplasms (not shown). As internal control, marginal zone of the MCA205 tumor and lymph node showing nuclei HMGB1 staining are
depicted. (b) Enumeration of positive nuclear staining patterns in cell lines or in vivo established CT26 and MCA205 tumors at day 12 or 22 out of 100 tumor cells observed in
five different field at � 20 magnification. (c) Typical staining of paraffin-embedded CT26 and MCA205 cell lines transfected with siRNA HMGB1. (d) Western blot showing the
loss of HMGB1 expression in polyclonal CT26 and MCA205 tumors transfected with siRNA HMGB1 (but not with scrambled siRNA controls). (e and f) Using
immunohistochemical analysis, we studied the nuclear expression of HMGB1 in tumor samples from 232 patients with localized BC treated in two French cancer center (Institut
Gustave Roussy, Villejuif and centre Georges François Leclerc, Dijon France). Patients were treated by surgery followed by anthracycline-based adjuvant chemotherapy,
radiotherapy if required. In 84 tumors (36%), BC cells harbored a strong nuclear expression (e, left panel), whereas 148 (64%) tumors had no nuclear expression of HMGB1
(e, right panel). (f) Frequency of nuclear HMGB-1-positive breast tumor cells according to tumor size (pathologic tumor stage, e.g.: pT1 if tumor size wasr2 cm and at least
pT2 if tumor size was42 cm). ANOVA with the Newman–Keuls multiple comparison test or the w2 test *Po0.05, **Po0.01, ***Po0.001
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homologous recombination) or its downstream mediator
MyD88. Conversely, adoptive transfer of TLR4-expressing
DC loaded with dying tumor cells into Tlr4� /� mice restored
the defective immune response, underscoring the crucial role
of host antigen presenting cells harboring a functional TLR4/
MyD88 pathway for the recognition of ICD. The expression
levels of TLR4 and MyD88 by the host immune system are
essential for the control of established transplantable tumors
including CT26 colorectal cancers, EG7 lymphomas, TS/A
mammary carcinomas and GOS osteosarcomas by anthra-
cyclines, oxaliplatin or radiotherapy.7,13

The clinical relevance of the TLR4 pathway for the success
of anticancer therapies has been analyzed in several retro-
spective studies in early breast cancers (BCs),7 in metastatic
colon cancers14 and in advanced non-small cell lung
carcinoma.15 A single-nucleotide polymorphism (SNP)
rs4986790 affecting the TLR4 gene has been associated
with decreased responses to the exogenous TLR4 ligand,
bacterial lipopolysaccharide (LPS).16 This single-nucleotide
substitution (þ 896A/G) in the TLR4 gene found in 12–15% of
Caucasians leads to the replacement of an aspartic acid by a
glycine residue (Asp299Gly) in the extracellular domain of
TLR4. Coimmunoprecipitation experiments revealed that the
variant form of TLR4 bound recombinant HMGB1 protein less
efficiently than did unmutated TLR4.7 Moreover, although
monocyte-derived DCs from individuals bearing the normal
allele of TLR4 could cross-present antigens from dying
melanoma cells to T cells in an HMGB1-dependent manner,
DCs from individuals bearing the TLR4 Asp299Gly mutation
failed to do so.7 Hence, the interactions between HMGB1
released by dying tumor cells and TLR4 present on DCs
dictates the cross-presentation of tumor antigens to T cells

and the priming of tumor-specific Tc1/Th1-cell responses
mandatory for the success of anticancer therapies.7 Both in
BC and colon cancer, individuals bearing one or two alleles of
the rs4986790 SNP exhibited accelerated relapse after
adjuvant chemotherapy with anthracyclines and oxaliplatin,
respectively.7,14

HMGB1 has the role of an ‘alarmin’ or DAMP capable of
recruiting and activating inflammatory phagocytes and elicit-
ing adaptive immunity.2,17,18 Inside the cell, HMGB1 is
ubiquitously present in the nucleus of most mammalian cells,
in which it regulates gene transcription by promoting the
access of transcriptional factors to the DNA.19 Although
HMGB1 may stimulate tumor progression, metastasis and
neoangiogenesis,20 HMGB1 expression was found down-
regulated in lung neoplasia21 and BC (our unpublished data).
In such cases, chemotherapy-induced ICD could be severely
compromised, pointing to the need of supplying artificial TLR4
ligands to restore chemosensitivity. Here, we addressed this
issue showing that DEN, a chemically defined TLR4 agonist,
markedly synergizes with anthracyclines or oxaliplatin and
corrects the altered immunogenicity of HMGB1-deficient
tumors. These findings open novel therapeutic avenues to
improve the efficacy of cytotoxic compounds endowed with
immunogenic potential and broaden the indications of TLR4
agonists in cancer.

Results

Deficiency in the nuclear expression of HMGB1 in two
transplantable tumor models. HMGB1 expression was
determined in paraffin-embedded CT26 colon carcinoma and
MCA205 sarcoma tumors using immunhistochemical

Figure 2 Synergistic effects between a TLR4/Myd88 agonist and immunogenic chemotherapeutic compounds. (a) Experimental setting. d: day, C: chemotherapy,
D: DEN S. Day 7-established tumors (EL4 (b), MCA205 or CT26 (c) syngeneic of C57BL/6 (EL4, MCA205) or BALB/c mice (CT26) were treated with chemotherapy
(intratumoral (c) or i.v. (b) injections of oxaliplatin (b) or anthracyclines (c)) followed by two i.v. administrations of DEN (days 2 and 4). Tumor growth was monitored and graphs
represent mean tumor sizes±S.E.M. of 5–8 mice/group. ANOVA with the Newman–Keuls multiple comparison test: *Po0.05, **Po0.01
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analysis using a specific anti-HMGB1 antibody.22 This
approach yielded a strong nuclear and cytoplasmic staining
in cells that were cultured in vitro, pelleted and paraffin
embedded (Figure 1a). Although all CT26 and MCA205
tumor cells stained positively after in vitro culture, a large
fraction of them became negative after in vivo passage in
immunocompetent BALB/c and C57Bl6 mice, respectively
(Figure 1a). Surrounding cells of the tumor stroma or lymph
node exhibited a nuclear HMGB1 staining (Figure 1a, right
panels) as an internal control, pointing to the differences
between normal and cancer cells that arise in vivo. Of note,
MCA205 fibrosarcomas almost completely lost nuclear
HMGB1 expression (Figures 1a and b), whereas CT26
carcinomas conserved nuclear HMGB1 in B40% of malig-
nant cells (Figures 1a and b). This staining was strongly
reduced upon transfection with an siRNA targeting HMGB1,
confirming the specificity of the immunohistochemical
method (Figures 1c and d). We confirmed the relative and
progressive loss of nuclear HMGB1 in human BCs by
investigating the nuclear staining using the specific
anti-HMGB1 Ab (Figure 1e). Out of 232 early BC treated
by surgery, adjuvant anthracyclines and radiotherapy
(þ /�Tamoxifene in hormone receptor positive cancers),
the loss of a nuclear staining was observed more frequently
in large rather than small tumors (Figure 1f; o60% for pT0,
T1 versus 470% for 4pT2, P¼ 0.042).

Hence, in both mouse sarcoma and colon carcinoma, as
well as in human BC, a progressive loss of nuclear HMGB1
localization is gradually observed with tumor development.

Synergy between a TLR4 exclusive agonist and
immunogenic cytotoxic agents. As HMGB1 is an endogenous
TLR4 agonist, we investigated whether external supply of
synthetic TLR4 agonists might be used as an adjunct therapy
of tumor expressing low HMGB1 levels. As HMGB1 is
normally released by dying cells at late time points (at least
in vitro), we inoculated a TLR4-exclusive agonist called DEN
(S301 or A201, DEN S or DEN A) intravenously shortly after
the initiation of chemotherapy. DEN S and A (as described in
the Materials and Methods23–27) are standardized, highly
purified (499.9%) and physiochemically defined formulations
of S- (wild-type, WT) and R-form LPS, respectively,28–30

devoid of proteins and other bacterial contaminants.31–38

DEN S was inoculated 2 and 4 days post chemotherapy with
oxaliplatin or doxorubicin (Figure 2a). This combined chemo-
immunotherapeutic regimen yielded statistically significant
synergistic effects against EL4 lymphomas (Figure 2b),
MCA205 fibrosarcomas (Figure 2c, left panel) and a trend
toward additive effects in CT26 carcinomas (Figure 2c, right
panel). Thus, in EL4 and MCA205 tumors, chemotherapy
with oxaliplatin and doxorubicin, respectively, had only mild
effects that were exacerbated by co-treatment with DEN S,
whereas DEN S on its own had no or little effects (Figures 2b
and c). Continuous chemo-immunotherapy of MCA205
fibrosarcomas with doxorubicin and DEN S in four con-
secutive cycles every other 12 days (Figure 3a) achieved
improved antitumor effects (Figure 3b) and conferred an
increased long-term survival, eventually curing 20% animals
(Figure 3c). Two routes of administration of DEN S, systemic
intravenous injection versus local intratumoral inoculation,

both performed at day 2 and 4 post chemotherapy, achieved
similar antitumor effects (Supplementary Figure 1). A single
inoculation of DEN S at day 2 post-treatment with anthracy-
clines was sufficient for the chemo-immunotherapy regimen
to exhibit significant synergy (Supplementary Figures 2A–G).
The synergistic effect of Doxorubicin and DEN S was T-cell
dependent as nu/nu mice were unable to control tumor
growth (Supplementary Figures 2H and I)

Next, we evaluated the capacity of various TLR4 agonists to
achieve a synergistic interaction with oxaliplatin (in EL4
thymoma, Figures 4a and c) or doxorubicin (in MCA205,
Figures 4b and c).Escherichia coli-derived S-form LPS, which
reportedly transduces a combined Myd88- and TIR-domain-
containing adapter-inducing interferon-b (TRIF)-dependent
signal,39,40 did not mediate significant effects in conjunction
with chemotherapy (Figures 4a and b). In contrast, both DEN
S and DEN A markedly synergized with either of the two
cytotoxic agents (Figures 4b and c). Both DEN S and DEN A
weakly stimulated IL-6 release from murine cancer cell lines,
yet failed to influence the growth of the cells in vitro .

Figure 3 Long-term survival benefit using repeated cycles of concomitant
chemoimmunotherapy. (a) Similar experimental setting as in Figure 1a, but each
cycle is repeated every other 12 days. (b) Tumor growth curves for each mouse
(N¼ 15/group). (c) Kaplan–Meier survival curves for all 15 mice/group. Cox
analyses ***Po0.001
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Altogether, these data suggest that the antitumor efficacy of
chemotherapy can be greatly enhanced by chemically defined
TLR4 agonists in various transplantable tumors expressing
low levels of HMGB1.

Cellular and molecular mechanisms of the chemo-
immunotherapy. The synergistic antitumor effects of DEN
plus chemotherapy that we observed on tumors implanted in
immunocompetent WT mice (Figures 2–4) were maintained
in knockout mice lacking the TRIF (Figure 5a), indicating that
TRIF was dispensable for signal transduction downstream of
TLR4 in the host immune system. In sharp contrast, chemo-
immunotherapy lost its efficacy on tumors implanted in mice
lacking myeloid differentiation factor 88 (MyD88) (Figure 5b).
Therefore, MyD88-dependent signaling appears to be
required for the antitumor effects of DEN.

We next analyzed the phenotype of tumor-infiltrating
leukocytes at days 7–10 post single or combination therapy.
Chemo-immunotherapy markedly enhanced the intratumoral
abundance of CD45þ leukocytes (Figure 6a). Myeloid cells

(CD45þCD11bþ cells) (Figures b–c) decreased in number in
favor of CD3þ T lymphocytes (Figure 6c), especially IFNg-
producing CD8þ Tc1 cells and IFNg-producing CD4þ Th1
cells (Figure 6d). Interestingly, as recently reported,41 DEN S
promoted the recruitment and/or the intratumoral differentia-
tion of neutrophil granulocytes (Lin-CD11bþLy6Clow, Ly6Gþ

cells, Figure 6c). However, the antibody-mediated depletion
of Ly6Gþ failed to abolish the efficacy of the chemo-
immunotherapy, excluding the contribution of neutrophils to
the anticancer effects of DEN (Supplementary Figure 3).

Altogether our data indicate that the synergistic antitumor
effects achieved by the combination of DEN A or S plus
chemotherapy with anthracyclines or oxaliplatin are mediated
through the accumulation of intratumoral IFNg-producing
effector T lymphocytes.

Re-establishment of the immunogenicity of HMGB1-
deficient tumors by DEN. The standard assay for asses-
sing the immunogenicity of cell death consists in exposing
tumor cells in vitro to apoptosis inducers, followed by their

Figure 4 Effects of various TLR4 agonists on the efficacy of chemotherapy. Several TLR4 agonists (TRIF/Myd88–dependent agonists such as LPS (a and b), or Myd88-
dependent agonists (b and c) such as DEN S or DEN A) were coadministered with doxorubicin (a–c right panel) or oxaliplatin (c, left panel). Tumor (MCA205 or EL4) growth
curves (Means±S.E.M.) are depicted. ANOVA with the Newman–Keuls multiple comparison test comparing all groups *Po0.05, **Po0.01
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subcutaneous injection into histocompatible immunocompe-
tent mice, as 70±10% of the cells stain positively with
annexin V-FITC and the vital dye propidium iodide. Eight to
10 days later, the mice are injected with live tumor cells into
the opposite flank and tumor growth is monitored. The
absence of tumor development then is interpreted as a sign
of an anticancer immune response elicited by the vaccine.1,6

Depletion of HMGB1 from MCA205 cells with a specific
siRNA validated by immunohistochemical (Figure 1c) or
immunoblot analyses (Figure 1d) reduced their immunogeni-
city. This was observed in experiments in which MCA205 cells
expressing or lacking HMGB1 were exposed to doxorubicin
in vitro, washed, resuspended in PBS alone or PBS plus
DEN S and inoculated subcutaneously to immunize naive
animals. Ten days later, all the mice were rechallenged with
a lethal dose of non-transfected MCA205. Then, the tumor
growth was monitored every 3 days (Figures 7a and e),
revealing that the vaccine consisting in doxorubicin-treated,
HMGB1-expressing cells (that were either non-transfected
of transfected with a scrambled control siRNA) was
efficient in reducing tumor progression with or without the
addition of exogenous DEN S (Figure 7e). In sharp contrast,
immunization with doxorubin-treated MCA205 depleted from

HMGB1 failed to protect the mice against the rechallenge,
except if the vaccine was combined with DEN S (Figure 7e).
These results demonstrate that, in the context of
deficient ICD, DEN S can compensate for deficient
HMGB1 expression.

Discussion

The foundations of cancer immunotherapy have been laid in
the late 19th century when Coley observed that poorly defined
bacterial extracts could induce the regression of bone
sarcomas. Subsequent work demonstrated the capacity of
bacterial compounds to elicit innate and cognate antitumor
immune responses.42 Here, we show, in three distinct
transplantable tumor models, that treatment with several
conventional cytotoxic agents including doxorubicin and
oxaliplatin, both of which induce ICD, markedly benefits from
the adjunction of an exogenous TLR4 agonist, allowing to
improve long-term survival in preclinical models (Figures 2–4).
These synergistic antitumor effects led to the intratumoral
accumulation of IFNg� producing CD4þ and CD8þ T cells
(Figure 6), supporting the finding that they involve the same
anticancer immune effectors as those that have been
previously involved in the anticancer immune response
elicited by doxorubicin and oxaliplatin alone.4,5,7,8 We also
found that dying cancer cells lacking HMGB1 were unable to
induce an anticancer immune response after chemotherapy
unless they were combined with a chemically defined TLR4
agonist, DEN (Figure 7). Hence, three pieces of evidences
now support the finding that the combination of anthracyclines
and TLR4L is synergistic in a T-cell-dependent manner
(augmentation of Th1/Tc1 TILs, no effect in nu/nu mice,
induction of long-term immune memory responses).

In this work, we have administered various TLR4 agonists
(such as E. coli S-form LPS and the DENs S and A) and found
that only highly pure LPS preparations, enhanced the
therapeutic efficacy of oxaliplatin or doxorubicin as illustrating
by a stronger control of the tumor growth (Figure 4a-b).
Previously, we reported that host-derived TRIF is dispensable
for the immune-dependent growth inhibition of transplantable
tumors treated with anthracyclines or irradiation, whereas
both TLR4 and MyD88 are absolutely required for the
therapeutic effects of such anticancer agents.7 In fact, TLR9
ligands (CpG oligodeoxyribonucleotides), which are capable
of inducing MyD88-dependent signals, could restore chemo-
sensitivity in TLR4-deficient mice.13 The data indicate that
DEN S and A are superior MyD88 activators than the standard
LPS preparations available.

Both local and systemic administrations of TLR4/Myd88
agonist were equally efficient in synergizing with chemother-
apy to reduce tumor growth (Supplementary Figure 1). We
anticipate that the systemic application of TLR4 ligand may
engage TLR4 on host antigen-presenting cells following the
ATP- and purinergic receptor-dependent recruitment and
differentiation of inflammatory monocytes Ly6Chigh cells in
close proximity with dying tumor cells.9 On its own, DEN S
could significantly enhance the trafficking of leukocytes (more
specifically CD11bþ Ly6Gþ and Ly6Chigh cells) into tumors, a
phenomenon that might result from the mobilization of bone
marrow precursors41 and/or spleen reservoirs.43

Figure 5 Myd88 but not TRIF is involved in the synergistic effects achieved with
the chemoimmunotherapy. EL4 was established in two mouse species (TRIF (a)
-or Myd88 (b)-deficient). Day 7-established tumors were treated according to
the experimental setting described in Figure 1a. Tumor growth curves
(Means±S.E.M.) are depicted. ANOVA with the Newman–Keuls multiple
comparison test comparing all groups
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Beyond its nuclear role, HMGB1 also functions as an
extracellular cytokine-like molecule during various tumor-
relevant pathological processes such as inflammation,
cellular differentiation and migration.44–47 Indeed, HMGB1
can favor tumor progression through neoangiogenesis, presum-
ably by attracting proangiogenic macrophages and endothe-
lial cells in tumor beds,48 as well as by promoting sprouting of
endothelial cells.20 Hence, HMGB1 is often considered as a
protumorigenic factor associated with dismal prognosis.49,50

Accordingly, HMGB1–receptor for advanced glycation end
products (RAGE) interactions have been described to
stimulate invasion, migration and the growth of implanted
gliomas.51 The replacement of HMGB1 by an exogenous
compound capable of triggering TLR4 and the immunogeni-
city of cell death without favoring angiogenesis or invasion
constitutes a challenge. Similar to most TLR agonists, TLR4
ligands may be considered as double-edged swords, as they
not only bind to DC TLR4 to activate the immune system but
also interact with TLR4 (or RAGE) on tumor cells to favor the
manifestation of cell-intrinsic tumorigenic hallmarks and
chemoresistance.52,53 In our model system, we ruled out the
possibility that DEN would directly act on CT26, MCA205
or EL4 to enhance (or reduce) tumor cell proliferation

(not shown). Moreover, a single injection at day 2 post
chemotherapy was sufficient to amplify the immune effects of
chemotherapy, bypassing the requirement for a prolonged
exposure to TLR4 agonists (Supplementary Figure 2).
Supplying tumor beds with a TLR4 agonist at the time of late
apoptosis or necrosis could gear the phagocytosed antigenic
cargo to the appropriate antigen-processing compartments,
thus ensuring optimal processing and presentation of tumor
antigens to T cells.7

Collectively, our data imply that combining anthracyclines or
oxaliplatin with DEN may improve the T cell-based immune
responses accounting for prolonged anticancer effects. On
theoretical grounds, this chemo-immunotherapy should be
proposed to patients harboring HMGB1-deficient tumors but
bearing a functional TLR (and hence lacking the loss-
of-function allele coding for TLR4 Asp299Gly). This strategy
for the stratification of patients could add even more complexity
to the current efforts of personalized therapy applied to breast
tumors.54 Whether these approaches aimed at re-enforcing
immunity will mainly benefit immune-prone neoplasia,54,55 or
also improve the clinical management of immunosuppressed/
immunoedited cancers, needs to be determined in forth-
coming clinical trials.

Figure 6 Chemoimmunotherapy promotes the accumulation of myelomonocytic and TH1/Tc1 infiltrates in tumor beds. (a–d) Flow cytometry analyses of several
leukocytic subsets (CD45þ (a), CD11bþ (b and c), CD3þ (d), gating on live cells after tumor harvesting at day 15 post-tumor inoculation. Intracellular staining of
T lymphocytes investigating IFNg secretion after PMA/ionomycin 4 h restimulation (d). Subsets of myeloid cells analyzed on CD11bþCD45þ cells were analyzed using
anti-Ly6G and Ly6C antibodies (b). Each dot represents one tumor. The data of three experiments are pooled for each group. ANOVA with the Newman–Keuls multiple
comparison test comparing all groups *Po0.05, **Po0.01, ***Po0.001
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Materials and Methods
Mouse strains. All animals were bred and maintained according to both the
FELASA and the Animal Experimental Ethics Committee Guidelines (Val de
Marne, France). WT SPF C57BL/6J and BALB/c mice were obtained from Harlan
or Janvier, and Myd88� /� and Trif� /� C57BL/6J mice were provided by
B.Ryffel (CNRS, France) and were maintained in controlled, pathogen-free
conditions at the Institut Gustave Roussy (IGR, Villejuif, France) and used at
between 7 and 18 weeks of age. Nu/nu mice were breed and maintained in IGR
animal facility and used between 7 and 18 weeks of age.

Reagents and materials. Cell death was induced either with Doxorubicin
(Sigma Aldrich, St Louis, MO, USA) or Oxaliplatin (Sanofi-Aventis, Paris, France).
LPS from E. coli serotype O55:B5 was obtained from Sigma-Aldrich. Anti-mouse
antibodies for CD3e (145-2C11), CD4 (GK1.5), CD8a (53-6.7), CD11b (M1/70),

CD16/32 (2.4G2), CD45.2 (104), Ly6c (AL-21), Ly6g (RG6-8C5), IFN-g (XMG1.2)
and IL-17 (eBio17B7) were obtained from BD Bioscience (San Jose, CA, USA),
BioLegend (San Diego, CA, USA) and eBioscience (San Diego, CA, USA). LIVE/
DEAD fixable yellow stain fluorescence for viability staining was purchased from
Invitrogen (Carlsbad, CA, USA). Cell acquisition and analysis have been performed
on a Cyan (Beckman Colter) flow cytometer with FlowJo software 7.6.3 (Tree Star,
Ashland, OR, USA).

TLR4 exclusive agonists. DEN S301 and A201 (DEN S and DEN A)
(provided by Innaxon, Tewkesbury, UK) have been isolated according to an
optimized and standardized proprietary protocol, based upon the methods
described by Galanos, Westphal and Lüderitz,23–27 which involves optimized
fermentation conditions and multistep purification steps and subsequent
electrodialysis in order to separate cations and basic amines, which impact on

Figure 7 DEN compensates for the lack of immunogenicity of HMGB1-deficient tumors. (a–e) Knock down of HMGB1 in MCA205 tumors compromise the efficacy of
the vaccine but can be compensated with a TLR4 agonist (DEN S). Graphs depict the growth curves of the rechallenge after immunization of naive mice with dying tumor
cellsþ /�DEN. N¼ 15 mice/groups (gathering two independent experiments). (e) The percentages of growth inhibition comparing each group of mice with unvaccinated
animals are shown. ANOVA with the Newman–Keuls multiple comparison test comparing all groups *Po0.05, **Po0.01, ***Po0.001
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the physiochemical properties and corresponding biological properties, such as
complement activation, binding to serum proteins, in vivo distribution, toxicity and
antitumor activity. A broad level of analytical methods assured the complete removal
of macromolecular contaminants (undetectable levels corresponding to o0.01%),
such as proteins, nucleic acids and sugar polymers,56–60 with exclusive binding to
TLR4 confirmed in primary TLR4 WT and deficient mouse macrophage cell lines.
DEN S is a standardized formulation of (S-form) LPS, whereas DEN A represents
an R-form LPS, both in a highly water soluble preparation as a uniform salt with a
constant sediment coefficient. Any trace lipoproteins bound to the LPS molecule
have been removed. In contrast, certain chemical modifications of the core and Lipid
A moiety only found in natural LPS, selected for maximal potency to elicit an
antitumor immunity in rodent models and in humans have been preserved.31–38

Transplantable tumor cell lines. CT26 colon cancer cells (syngenic from
BALB/c mice), EL4 thymoma cells (syngenic from C57BL/6 mice) and MCA205
fibrosarcoma cells (syngenic from C57BL/6 mice) were cultured at 37 1C under 5%
CO2 in RPMI 1640 containing 10% FCS, 2 mM L-glutamine, 100 IU/ml penicillin/
streptomycin, 1 mM sodium pyruvate and MEM nonessential amino acids
(Invitrogen).

Chemotherapy and DEN treatment of established tumors in
mice. WT or loss-of-function mice were injected in the right flank with 1� 106 of
EL4 or CT26 or MCA205 cells. The mice were then randomly assigned into treatment
groups comprising 4–6 mice each. When tumor size reached 35–50 mm2, the mice
were treated with oxaliplatin (5 mg per kg body weight i.p for EL4), doxorubicin (2mM
injected intratumorally in 100ml of PBS, for CT26 and MCA205). Two and/or four
days after chemotherapy, the mice were treated with DEN or E. coli S-form LPS
O55:B5 (2 mg in 100ml 0.9% NaCl per mouse i.v or i.t). In some experiments,
MCA205 tumor-bearing mice received doxorubicin and DEN every 12 days after
first treatment. Tumor growths were monitored every 3–4 days using a caliper.

Immunoblot analysis. For immunoblot analysis, cells were washed in cold
PBS and lysed in a sample buffer containing 1% vol/vol NP40, 20 mM HEPES
(pH 7.9), 10 mM KCl, 1 mM EDTA, 1 mM PMSF, 1% vol/vol glycerol and protease
and phosphatase inhibitors. We separated 15 mg proteins on 10% SDS-PAGE
gels and electrotransferred them to nitrocellulose membranes (iBlot Western
Detection Kit, Invitrogen). After blocking with 3% wt/vol BSA and 0.1% vol/vol
Tween-20, we used primary antibodies for HMGB1 and GAPDH. Finally, bound
antibodies were detected with the appropriate horseradish peroxidase-labeled
secondary antibodies and ECL Plus detection system.

RNA interference knockdown of HMGB1. We transfected MCA205
cells using Lipofectamine RNAiMAX (Invitrogen) with either PBS, irrelevant siRNA
(50-CUUACGCUGAGUACUUCGATT-30), HMGB1 siRNA 1 (50-GCAGCCCUAU
GAGAAGAAATT-30) or HMGB1 siRNA 2 (50-GCUGAAAAGAGCAAGAAAATT-30).
The depletion of HMGB1 was assessed 48 h after each transfection by
immunoblot analysis as described above.

Anticancer vaccination. MCA205 cells or transfected with HMGB1 siRNA
or irrelevant siRNA cells were cultured in vitro in the presence of doxorubicin (1mM)
for 24 h. siRNA transfected cells were treated with doxorubicin post 48 h transfection.
Dying cells (1� 106) were injected subcutaneously into the right footpad of mice. Ten
days later, the mice were rechallenged in the right flank with 5� 105 live MCA205
cells. Tumor growth was monitored every 2–5 days using a caliper.

Tumor infiltrating lymphocytes analysis. At indicated time points,
tumors were harvested, cut into small pieces and digested in Liberase TM (Roche,
Penzberg, Germany) and DNase I (Calbiochem, San Diego, CA, USA) for 30 min
at 37 1C. Single-cell suspension was obtained by crushing the digested tissue with
a syringe plunger and filtering through a 100-mm cell strainer. For intracellular
staining of cells, cells were incubated for 4 h at 37 1C with 50 ng/ml of PMA, 1mg/
ml of ionomycin and BD Golgi STO. After membrane staining, cells were stained
with anti-IL-17, IFNg using BD Cytofix/Cytoperm Kit, according to the
manufacturer’s instructions.

HMGB1 immunostaining. MCA205 and siRNA transfected cells were fixed
with formol/eosine and embedded in paraffin. Five-mm-thick tissue sections were
obtained with a microtome (MEDITE, Winter Garden, FL, USA) and adhered to
poly-L-lysine-coated slides, deparaffinized and hydrated through graded alcohols

to water. Sections were pretreated with citrate buffer (DiaPath, Bergamo, Italy), pH
6, for 20 min in a 98 1C water bath. Endogenous peroxidase activity was inhibited
with 3% hydrogen peroxidase (Dako, Glostrup, Denmark) for 10 min. Sections
were then saturated 20 min with Protein Block Serum-Free (Dako). Without
washing, the primary antibody, a polyclonal rabbit anti HMGB1 antibody
(ThermoScientist Pierce), was incubated overnight, followed by the secondary
Ab, (En vision-Rabbit, Dako) for 30 min, and the streptavidin-HRP was incubated
for an additional 30 min. Peroxidases were detected with Diaminobenzidine
substrate (DAB, Dako), and the sections were counterstained with Mayer’s
hematoxylin.

Statistical analyses. Unless otherwise indicated, results are expressed as
mean±S.E.M. All experiments were repeated at least twice, yielding similar
results. Normal distributions were compared using unpaired, two-tailed Student’s
t-tests or ANOVA with the Newman–Keuls multiple comparison test. Statistical
analyses were performed by means of the software Prism 5 (GraphPad, San
Diego, CA, USA) or Excel 2010 (Microsoft, Rockville, MD, USA). P-valueso0.05
were considered as statistically significant.
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