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ABSTRACT

Exosomes are nanovesicles released by all cells that can be found in the blood. A key point for their use as
potential biomarkers in cancer is to differentiate tumour-derived exosomes from other circulating nano-
vesicles. Heat shock protein-70 (HSP70) has been shown to be abundantly expressed by cancer cells and to
be associated with bad prognosis. We previously showed that exosomes derived from cancer cells carried
HSP70 in the membrane while those from non-cancerous cells did not. In this work, we opened a
prospective clinical pilot study including breast and lung cancer patients to determine whether it was
possible to detect and quantify HSP70 exosomes in the blood of patients with solid cancers. We found that
circulating exosomal HSP70 levels, but not soluble HSP70, reflected HSP70 content within the tumour
biopsies. Circulating HSP70 exosomes increased in metastatic patients compared to non-metastatic
patients or healthy volunteers. Further, we demonstrated that HSP70-exosome levels correlated with
the disease status and, when compared with circulating tumour cells, were more sensitive tumour
dissemination predictors. Finally, our case studies indicated that HSP70-exosome levels inversely corre-
lated with response to the therapy and that, therefore, monitoring changes in circulating exosomal HSP70
might be useful to predict tumour response and clinical outcome.
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Introduction effectiveness of the treatment or the chance of cancer

recurrence. A major advance for metastasis diagnosis
and monitoring has been the detection of circulating
tumour cells (CTCs) in the blood. Current detection of
CTCs from circulating blood is based on the epithelial cell

A key issue to improve cancer patients’ outcome relies on
earlier cancer diagnosis. Metastases, as opposed to pri-
mary tumours, are responsible for most cancer deaths
and patients’ prognosis is closely linked to early cancer

management. Today, cancer patient follow-up care relies
mainly on imagery techniques that unfortunately are not
sensitive enough to detect metastasis at an early stage.
Thus, it is essential to develop new strategies for the early
detection of recurrent or metastatic disease.

Although different circulating tumour markers have
been characterised, only a few have demonstrated to be
clinically useful for monitoring response to therapy and
detecting early relapse. Therefore, there is an urgent need
for development of biomarkers for the prediction of the

adhesion molecule (EpCAM), frequently over-expressed
in many cancers and seems to allow earlier detection of
recurrence [1]. However, this approach suffers from
important limitations, the main being that CTCs are
rare events: only one single circulating tumour cell in a
background of as many as 10° blood cells [2].

Exosomes constitute a heterogeneous population of
small extracellular vesicles from 50 to 150 nm, present
in all body fluids and involved in cell-cell communica-
tion [3]. Indeed, exosomes can be bioactive cargos of
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proteins, lipids and nucleotides that will be introduced
into the receptor cells and thereby modify their phy-
siology [4]. A broad range of cells secrete exosomes,
including tumour cells, which have specific biological
functions as they are able to promote cancer growth,
metastasis formation and modulation of the immune
system [5-8]. These properties have promoted exo-
somes as new potential biomarkers for the diagnosis
and monitoring of cancer. However, since most cells
can secrete exosomes that will be found circulating in
the blood, a key issue is to differentiate those coming
from cancer cells.

We and others have recently shown that whereas
exosomes released by tumour cells express in their
membrane the stress protein HSP70 (heat shock pro-
tein-70), exosomes released by normal cells do not
[7,9-11]. We have called this sub-population of
tumour-derived nanovesicles “HSP70-exosomes” [11].
Among the different HSPs, HSP70 is the most strongly
and widely induced by different stresses. HSP70 is
over-expressed in many cancer types, about 70% of
solid tumours, and HSP70 expression level has been
shown to be useful for the diagnosis, monitoring and
response to treatment [12]. Taking into consideration
these results and knowing that compelling recent lit-
erature supports that exosome-based diagnostics pro-
vide higher sensitivity and specificity over conventional
biopsy or liquid biomarkers due to their stability in
biofluids, we hypothesise that HSP70 exosomes might
be used as biomarkers in the monitoring of cancer. To
this end, we opened a prospective clinical pilot study
called ExoDiag that aimed at quantifying HSP70 exo-
somes in the blood of cancer patients for the monitor-
ing of malignant solid tumours.

Patients and methods
Study population and specimen collection

40 adult patients with either non-metastatic or
metastatic solid tumours were included in the
study (NCT02662621). Briefly, 20 women with
breast cancer, 10 men and 10 women with non-
small cell lung cancer were included (Table 1).
Eligibility criteria for cancer patients are listed in
Table 1. Additionally, 14 healthy volunteers with no
previous cancer history, negative serology for HIV,
HCV and HBC and aged 50-70 years old were also
included. Age group of healthy volunteers is in
agreement with the average age of occurrence of
the different solid tumours studied. Upon patient

Table 1. Patient’s characteristics.

Patient
N =40
Age
N 40
Mean (Std) 62.5 (10.2)
Median [min-max] 57.0 [36.0-83.0]
Sex
Women 26 (65.0%)
Men 14 (35.0%)
OoMS
0 18 (45.0%)
1 17 (42.5%)
2 2 (5.0%)
3 2 (5.0%)
Missing 1 (2.5%)
Localisation
Breast 17 (42.5%)
Lung 20 (50.0%)
Missing 3 (7.5%)
Breast hystologic type
Lobular 4 (23.5%)
Ductal 13 (76.5%)
Lung histologic type
Adenocarcinoma 16 (80.0%)
Squamous cell carcinoma 4 (20%)
Stagde M
Mo 20 (50.0%)
M1 14 (35.0%)
Mx 2 (5.0%)
Missing 4 (1.0%)
Controls
N =14
Age
N 14
Mean (Std) 55.0 (5.7)
Median [min—-max] 53.0 [50.0-69.0]
Sex
Women 7 (50.0%)
Men 7 (50.0%)
OoMS
0 14 (100.0%)

written consent, serology to HIV, HCV and HBV
was tested. Only patients with negative serology for
these infectious agents were included. During the
study, 10 ml of blood, collected in an EDTA tube
were necessary for each exosomal HSP70 analysis
and additional 10 ml of blood, collected with pre-
servative cell save (Cell Search®) were required for
each CTCs analysis. Initial sampling. Blood were
collected prior to any treatment (radiotherapy, hor-
mone therapy, surgery or chemotherapy). Follow-up.
Sample collection schedule were dependent from
the standard treatment line. (i) Follow-up D1 C
(x)-DaylCureX: upon a surgical treatment, initial
follow-up blood samples for HSP70 analysis were
collected during the first visit after surgery; (ii)
upon hormone therapy, blood samples were col-
lected at each follow-up oncology visit, in average
every 6 months; (iii) upon chemotherapy samples



were collected every two cures. Disease progression.
If disease progression was observed, blood was col-
lected and the study was stopped.

Isolation, characterisation and quantification of
exosomes

Exosomes were isolated from fresh plasma samples
using an optimised protocol derived from Théry et al
[13]. Briefly, plasma samples were differentially centri-
fuged 300 x g for 5 min at 4°C and then 17,000 x g for
10 min at 4°C. Next, supernatant obtained from the
previous step were ultracentrifuged at 2,00,000 x g for 1
h at 4°C (Beckman Coulter, Optima XPN-100, Brea,
California, the USA). The supernatants were carefully
removed and the exosome pellets re-suspended in 100
ul of 1% RIPA lysis buffer or PBS and frozen at —80°C
until further use.

Exosome presence was verified by transmission elec-
tron microscopy (TEM). The samples dissolved in PBS
buffer were dropped into a carbon-coated copper grid
and then were stained with 3% uranyl acetate. Images of
the sample were captured using a Hitachi 7500 electron
microscope (Hitachi high technologies, Tokyo, Japan).

Exosomes were evaluated for their size and concen-
tration by nanoparticle tracking analysis (NTA) using a
NS300 Instrument (Malvern Instruments, Malvern, the
UK). Briefly, exosome preparations were homogenised
by vortexing followed by dilution of 1:500 in filtered
phosphate saline buffer and analysed by NanoSight
NS300. Each sample analysis was conducted for 60 s.
Data were analysed by Nanosight NTA 3.2 Analytical
Software (Malvern Instruments, Malvern, the UK) with
the detection threshold optimised for each sample and
screen gain at 10 to track as many particles as possible
with minimal background. A blank 0.1 pm-filtered 1x
PBS was also run as a negative control. At least three
analyses were done for each individual sample.

Immunohistochemistry

Formalin-fixed paraffin-embedded tumour tissue sam-
ples were also obtained for correlation analysis of
HSP70 (ADI-SPA-810, Enzo Life science) expression
between tissue and circulating exosomes. All IHC pro-
cedures were performed using a Benchmark apparatus
(Ventana).

Statistical analysis

Statistical analysis was performed using the Graphpad
Prism 8 software. Data presented are from at least three
independent experiments. Error bars shown in graphical
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data represent mean + SEM. When data are presented as
box plots, the bar indicates the median, the box shows the
interquartile range (25-75%) and the whiskers extend to
1.5 the interquartile range. For normally distributed data,
significance of mean differences was determined using
two-tailed paired or unpaired student t-test or ANOVA.
For data that were not normally distributed, non-para-
metric Wilcoxon tests were used for paired analysis. A
Firth logistic regression was used to determine the associa-
tion between HSP70-exosomes concentration and the pre-
sence of metastasis. Odds ratio was given with its 95%
confidence interval. For information, the best cut-off max-
imising both sensitivity and specificity was determined
using ROC curves and the Youden index. Tests were two
sided and a p value less than 0.05 was considered signifi-
cant. All analyses were performed using SAS version 9.4.

Results and discussion

The ExoDiag prospective clinical study includes 40 cancer
patients suffering from a lung cancer (n = 20) or a breast
cancer (n = 20). Inclusion of patients started in 2016 and
ended in March 2019. Patients were followed for 1 year
(Table 1). Three patients with breast cancer had to be
removed from the study because no follow up was possible
(pre-mature death). Samples were taken at diagnosis, after
surgery and before and after each cure. In addition, base-
line assays of the patients were compared with 14 healthy
volunteers (with bilateral alpha of 5% and 40 patients, we
will have a power of more than 95% to compare exosome
HSP70 concentrations between cases and controls).
Exosomes were isolated from plasma samples and
characterised by the nanovesicle size (50-150 nm), by
the expression of the exosomal markers such as
TSG101, CD9, CD63, by the absence of the endoplasmic
reticulum marker Grp94, and by their typical cup-shaped
appearance as observed by TEM (Supplementary Figure
1). When comparing HSP70 in lysates of circulating exo-
somes versus soluble in the plasma by ELISA, we found
that whereas HSP70 within exosomes was detected in all
patients, soluble HSP70 level was in most patients unde-
tectable (Figure 1(a)). This could be explained by the fact
that HSP70 is stabilised by the cholesterol-rich membrane
of the exosome [2]. We used an already validated biolayer
interferometry (BLI) protocol using a peptide aptamer
that binds to the extracellular part of membrane-bound
HSP70, to capture exosomes expressing HSP70 in their
membrane (HSP70-exosomes) from total blood exo-
somes [11,14]. We found that the number of HSP70-
exosomes in the plasma samples from patients was sig-
nificant higher than in those from healthy volunteers, in
which the level of HSP70 exosomes was barely detectable
(Figure 1), thus confirming our previous reports [11].
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Figure 1. Exosomal HSP70 as a potential cancer biomarker. (a) Expression of circulating HSP70 within exosomes or soluble in paired
samples at different time points (n = 68), Wilcoxon's test, p < 0.0001. (b) Capture of tumour-derived exosomes by BLI using the
peptide aptamer A8 from metastatic (M, n = 18), non-metastatic patients (NM, n = 19) and healthy volunteers (HC, n = 14), one way
ANOVA, p < 0.0001. Recombinant human HSP70 (rhHSP70) and PBS are used as controls. (c) Expression of HSP70 within HSP70
exosomes either in all cancer patients (n = 37) or in lung cancer (n = 20) or breast cancer patients (n = 17) and healthy volunteers (n
= 14), student t-test and ANOVA, p < 0.05, mean + SEM. (d) Immunohistochemical HSP70 staining within tumour biopsy slides. A
semi-quantitative evaluation was performed by counting positive cells in 100 cells, from three randomly selected fields. A
representative immunohistochemistry picture of HSP70 expression is shown. NM = Non-metastatic, M = Metastatic.

This result is all the more interesting given that in our
cohort the total number of exosomes did not differ
between  patients and  healthy  volunteers
(Supplementary Figure 2). HSP70-exosomes levels were
increased in metastatic patients compared to non-meta-
static patients and healthy volunteers, as quantified by
BLI (Figure 1(b)) and ELISA (Figure 1(c,d)). Therefore,
as happens in cells where the amount of HSP70 in the
membrane is in general proportional to the intracellular
expression of HSP70 [15], exosomes expressing HSP70 in
the membrane also contained high amounts of this stress
protein inside the vesicle.

As in plasma samples, the number of total exosomes in
urine samples was measured by NTA and that of HSP70
exosomes by BLI (Supplementary Figure 3). In contrast to
plasma samples, no differences were found in the number
of HSP70 exosomes between metastatic and non-

metastatic patients (Supplementary Figure 3). It should
be mentioned that the cellular origin of the exosomes
found in the blood and in the urines must be different.
Interestingly, when analysing HSP70 in tumour biop-
sies, we found that blood HSP70 exosomes matched
HSP70 expression within the tumour (Figure 1(d)). This
result suggests that circulating exosomes reproduce fea-
tures within the tumour, particularly HSP70 status.
Next, we compared circulating HSP70 exosomes with
CTCs quantified by Cell-Search (a current FDA-
approved approach), as predictors of tumour progres-
sion. We performed receiver operating characteristic
(ROC) curve analysis to discriminate metastatic from
non-metastatic patients. As shown in Figure 2, HSP70
exosomes showed a better discrimination since the area
under the curve (AUC) was higher when quantifying
HSP70 exosomes in the blood than CTCs (AUC =
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Figure 2. HSP70 exosomes compared to CTCs to discriminate
metastatic from non-metastatic patients. ROC curve analysis for
the detection level of HSP70 exosomes (left panel) or circulating
tumour cells (CTCs, right panel), AUC = 0.8968, C195% = [0.7387-
1], p < 0.0001 compared to 0.7857, CI95% = [0.5873-0.9842], p =
0.0048.

0.8968, CI95% = [0.7387-1], p < 0.0001 for HSP70 exo-
somes compared with 0.7857, CI95% = [0.5873-0.9842],
p = 0.0048, for CTCs). Based on curve ROC analysis, we
calculated a preliminary HSP70-exosome optimal cut off
of 1.92 ng/ml (p = 0.0288, 95% Wald confidence limits <
0.001, 0.674). Due to the size of this pilot cohort (n = 40),
the reliability of this HSP70-exosome cut-off value needs
confirmation in larger cohorts. That HSP70 exosomes
may be more reliable predictors of cancer dissemination
than CTCs is not surprising since CTCs are rare events,
less than 10 cells/ml of blood, whereas exosomes are
found in large amounts in body fluids. To our knowledge,
this is the first study comparing in a clinical cohort
tumour-derived exosome with CTCs as biomarkers.

To determine whether HSP70 exosomes could be used
as predictors of response to the therapy, we compared
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HSP70-exosome levels at diagnosis and after treatment, at
the same time as the first tumour evaluation by imagery.
We found that patients in clinical response had a mean
decrease of 77%, whereas patients in clinical progression
had a mean increase of 92% (Figure 3(a)). For longer-
term follow up, we demonstrated that variation in the
level of HSP70 exosomes was associated with the disease
status, as determined by scanner imagery. For instance,
the level of exosomal HSP70 for patient 1, diagnosed with
a metastatic HER2+ breast cancer, T4ANIMI, varied
according to treatments until the stabilisation after the
12th cure. Between the diagnosis and the second cure, the
concentration of HSP70 decreased from 2.62 to 0.835 ng/
ml corresponding to the start of the treatment (trastuzu-
mab, pertuzumab and paclitaxel). At the fourth cure, we
observed an increase from 0.835 to 3.931 ng/ml corre-
sponding to the replacement of paclitaxel (taxol) by doc-
etaxel (taxotere), due to excessive toxicity. At the sixth
cure, we detected a decrease to 1.529 ng/ml that kept
stable until the eighth cure. At the 10th cure, the level of
HSP70 increased up to 2.874 ng/ml corresponding to a
decrease in the dosage of taxotere. Finally, at the 12th
cure, the concentration of HSP70 decreased to 0.938 ng/
ml and then stabilised until the end of follow up. This
stabilisation correlated with clinical stable disease, diag-
nosed by scanner imagery (Figure 3(b)). Interestingly,
when compared HSP70 exosomes with that of the CA-
15-3 breast cancer clinical marker, we observed that both
reached a sustained low level when the disease stabilised.

Patient 2 was diagnosed with a metastatic NSCLC,
T3N2M1. The levels of HSP70 and CEA (a gold stan-
dard lung cancer marker) followed the same variations
during the different treatments until the disease clinical
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Figure 3. Exosome HSP70 levels correlates with the response to treatment. (a) Exosomal HSP70 variation ratio between diagnosis
and the first tumour evaluation according to the clinical status. CR/PR = Complete/Partial response (n = 6), SD = Stable disease (n =
3), PD = Progression disease (n = 11), p = 0.0043. (b)-(d): Case study of the correlation between HSP70 levels in exosomes (blue
lines) and their response to the different cures (C2, C4, etc.). CA-15-3 and CEA clinical tumour marker measurements, when
available, are indicated by a red line. EOR = End of radiotherapy, EOS = End of study, SD = Stable Diseased PD = Progression
disease, PR = Partial response. Panels below show the respective scan imagery. Metastasis is visualised by black spots (patient 1)

and red arrows (patients 2 and 3).
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progression. Indeed, this patient had brain metastases
as revealed by scanner imagery. Interestingly, this pro-
gression correlated with an important increase in exo-
somal HSP70 levels (from 0.466 to 1.461 ng/ml)
(Figure 3(c)).

Patient 3 was also diagnosed with a metastatic
NSCLC, T3N2M1. Exosomal HSP70 level varied
depending on the treatment, especially between sec-
ond and fourth cures where the concentration of
HSP70 increased from 0.071 to 1.719 ng/ml, which
corresponded to a change in platinum salts due to
bad tolerance. Then, after eighth cure, exosomal
HSP70 level progressively increased from 1.468 to
2.72 ng/ml, increase that associated with ganglionic
cerebral and peritoneal cancer progression, as
observed by imagery (Figure 3(d)). Altogether, these
results are consistent with data in the literature, since
several studies have reported that the expression of
HSP70 within the tumour biopsies correlated with
tumour volume [16,17]. We hypothesise that the
treatments which lead to a reduction in the size of
the tumour, consequently lead also to a decrease in
the amount of HSP70 exosomes released. Conversely,
non-responder patients might have a tumour growth
that translates to a higher release of HSP70 exo-
somes. Although these case reports suggest a correla-
tion between HSP70 exosomes and conventional
tumour markers, the curve of HSP70 exosomes
have several peaks compared to that of conventional
tumoural markers (Figure 3(b,c)). Further studies are
needed to determine whether these peaks reflect a
higher sensitivity to detect changes in the physiolo-
gical state of the tumour [18].

High expression of HSPs, particularly HSP70 and
HSP90, has been shown to correlate with clinical para-
meters such as diagnosis, prognosis and/or response to
therapy in a wide variety of cancers, both at the intracel-
lular [15,19-25] and extracellular levels [2,11,16,24,26—
30]. Our findings here provide for the first time in a
prospective cohort an overview of HSP70 expression
(circulating, both in exosomes and soluble, and within
the tumour) and indicate that exosomal HSP70 hold
promises as a potential predictor of tumour growth/
spread for the monitoring of cancer patients bearing
HSP70-expressing tumours. Further, towards a more
personalised patient care, our follow-up studies point
out the interest of measuring for each patient the differ-
ence between exosomal HSP70 level at baseline and the
value after a cure. We intend to perform a multi-centre
study that will include larger homogeneous cohorts to
refine cut-off values and to confirm whether monitoring
variations in circulating exosomal HSP70 levels could be
used to detect responders to the therapy.

From a functional point of view, we previously
showed that HSP70-exosomes restrain tumour immune
surveillance by promoting myeloid-derived suppressor
cells (MDSCs) functions [7,11]. Thus, the abundant
HSP70 exosomes found in metastatic patients may lead
to a pro-tumoural environment. Since HSP70-targeting
therapies are being developed in cancer, quantifying
HSP70 exosomes from a simple blood sample might be
a strategy to select the patients likely to benefit from
these innovative therapies [11,14,31,32].

The main advantage of the HSP70 exosomes is that
these tumour-specific nanovesicles are found in large
amounts in the peripheral blood, providing a minimally
invasive method for serial assessment of predictive and
prognostic markers during multi-stage cancer progres-
sion. Further progress is needed to bring the exosomes to
clinical practice, especially concerning the isolation tech-
nique. We are currently pursuing this issue through the
development of a nanovesicle isolation technic based on
a microfluidic system-on-chip approach.
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