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Immunogenic cell death-related biomarkers: Impact on the survival of breast cancer
patients after adjuvant chemotherapy
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ABSTRACT
It is well established that the anticancer immune response determines the success of anthracycline-based
adjuvant chemotherapy of breast cancer. This effect is in part due to the capacity of anthracyclines to
induce immunogenic cell death (ICD), a cell death modality that is preceded by autophagy and followed
by HMGB1 release. Recent data on 1,798 mammary carcinoma specimens indicate that patients harboring
neoplastic cells that lack immunohistochemical signs of autophagy or that have lost HMGB1 expression
have indeed a poor prognosis.
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Over the last decade it has become increasingly clear that che-
motherapy and radiotherapy of mammary both act as a sort of
cryptic immunotherapies, meaning that they exert their benefi-
cial effects by reinstating anticancer immunosurveillance.
Indeed, the density and composition of the immune infiltrate
at diagnosis constitutes an independent prognostic feature that
predicts the outcome of neoadjuvant chemotherapy. Thus, a
high-density of tumor infiltrating CD8C cytotoxic T lympho-
cytes as well as a low-density of CD68C macrophages constitute
positive prognostic features.1,2 This notion has recently been
confirmed in a meta-analysis of the transcriptomes from 1,045
breast cancers showing that a CXCL13-centered, highly repro-
ducible metagene signature reflecting the intratumoral presence
of interferong-producing T cells predicted the pathological
complete response to neadjuvant chemotherapy.3 In addition,
chemotherapy induces dynamic changes in the composition of
the immune infiltrate that are already detectable after the first
treatment cycle. An improvement of the ratio between CD8C

cytotoxic T lymphocytes and FOXP3C regulatory T cells also
predicts favorable treatment outcome,4 supporting the notion
that chemotherapy must induce changes that favor the antican-
cer immune response to be efficient.

What are then the mechanisms through which anthracy-
clines, which are widely used for breast cancer chemotherapy,
can stimulate an anticancer immune response? One plausible
scenario consists in the induction of ICD in a fraction of cancer
cells. This would then convert the tumor into a sort of vaccine
that elicits a potent cellular immune response against residual
tumor cells. ICD is only induced by some specific anticancer

agents including anthracyclines that have the property to stim-
ulate a cascade events that render cancer cells immunogenic.5-7

These immunogenic alterations include the induction of pre-
mortem autophagy, which is required for tumor cells to release
ATP as a chemotactic agent acting on purinergic receptors
expressed on myeloid cells including immature dendritic cells.
Indeed, cancers that have manipulated to lack the expression of
essential autophagy-related genes (and that hence are unable to
mount an autophagic response to anthracycline-based chemo-
therapy) escape from immunosurveillance8 and are totally che-
moresistant.9 Another immunogenic alteration that must be
induced by chemotherapy is the release of high molecular
group B1 (HMGB1), an abundant chromatin binding protein
that exits dead cells to interact with toll-like receptor -4 (TLR4)
on dendritic cells. Ligation of TLR4 then stimulates dendritic
cells to present tumor-associated antigens. Breast cancer
patients who bear TLR4 loss-of-function alleles exhibit poor
prognosis after adjuvant chemotherapy, supporting the clinical
importance of the HMGB1/TLR4 interaction.1

Based on these premises, we investigated autophagy and
HMGB1 expression on a large series of tumor specimens from
breast cancer patients that were treated with anthracycline-
based adjuvant chemotherapy.10 The staining with HMGB1
revealed a large heterogeneity between samples from intense
nuclear staining of the totality of carcinoma cells to a total
absence of nuclear staining (Fig. 1A). Similarly, there was a
major heterogeneity in the intensity and the subcellular distri-
bution of LC3B, a protein that is known to be diffusely distrib-
uted in the cell when autophagy is inactive, but relocates to
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cytoplasmic puncta when autophagy is active (Fig. 1A). The
absence and presence of multiple LC3BC autophagosomes cor-
relates with high and low expression, respectively, of the auto-
phagic substrate STQSM1/p62 (Fig. 1A). Subsequent statistical
analyses revealed that the absence of LC3B puncta in >90% of
the cancer cells (meaning the inactivation of the autophagic
process), as well as the absence of nuclear HMGB1 staining in
>50% of the tumor cells (implying the impossibility of releas-
ing HMGB1 in response to chemotherapy) had a significant
negative impact on overall and progression-free patient sur-
vival. Especially those patients whose tumors lack both autoph-
agy and HMGB1 expression had a poor prognosis.10 Moreover,
the combined analysis of all positive prognostic features
(nuclear HMGB1 expression in >50% of the carcinoma cells,
LC3B punta in >10% of the neoplastic cells, STQSM1 staining
below the median value) yielded an excellent stratification of

the training cohort (140 patients), both with respect to overall
survival (Fig. 1B) and with respect to metastasis-free survival
(Fig. 1C).

Altogether, these observations constitute the first evi-
dence that parameters linked to ICD including autophagy
and HMGB1 expression do influence the fate of breast can-
cer patients.10 Previous attempts to study ICD-related gene
expression profiles failed,3 most likely because ICD heavily
relies on post-transcriptional processes. Hence, it is essential
to study ICD by suitable immunohistochemical methods
(Fig. 1). It will be important to correlate these histo-mor-
phological parameters in subsequent studies with the den-
sity, location and composition of the immune infiltrate.
Moreover, it will be interesting to learn whether other
parameters linked to ICD (such as endoplasmic reticulum
stress and expression of type-1 interferon-regulated genes)

Figure 1. Impact of the HMGB1, LC3B and STQSM1/p62 staining patterns on overall and progression-free survival. (A) Representative immunohistological staining pat-
terns of HMGB1, LC3B and STQSM1/p62 in breast cancer patients. For each marker two different patients are shown. Nuclear HMGB1 staining in >50% of the cancer cells,
the presence of LC3B puncta in >10% of the neoplastic cells, and a low STQSM1 staining (<median value) were considered as positive prognostic features. (B, C) Impact
of prognostic features determined as in A on overall survival (B) or metastasis-free survival (C) in a cohort of 140 breast cancer patients that were stratified into three cate-
gories bearing 0, 1 or �2 positive prognostic features.
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may allow for a further refinement of risk stratification.
Altogether, this strategy should yield optimal biomarkers
for personalizing chemotherapeutic regimens by combining
them with suitable immunotherapeutic measures.
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