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Chemoresistance, the major obstacle in breast cancer chemotherapy, results in
unnecessary chemotherapy and wasting of medical resources. No feasible method
has been available to predict chemoresistance before chemotherapy. In our previ-
ous study, elevated expression of transient receptor potential channel TRPC5 was
found to be an essential element for chemoresistance in breast cancer cells, and
it was determined that it could be transferred to chemosensitive breast cancer
cells through releasing extracellular vesicles (EV) containing TRPC5 from chemore-
sistant cells, resulting in acquired chemoresistance. Exosomes, a type of EV, are
secreted membrane-enclosed vesicles of 50-150-nm diameter. In this study we
found that circulating exosomes in peripheral blood from breast cancer patients
carried TRPCS. In the present study, circulating exosome-carrying TRPC5 (cirExo-
TRPC5) level was significantly correlated with TRPC5 expression level in breast
cancer tissues and tumor response to chemotherapy. Furthermore, increased cir-
Exo-TRPC5 level after chemotherapy preceded progressive disease (PD) based on
imaging examination and strongly predicted acquired chemoresistance. Taken
together, our study demonstrated that cirExo-TRPC5 might act as a noninvasive
chemoresistance marker and might serve as an adjuvant to the current imaging
examination-based chemoresistance.

B reast cancer is the leading cause of morbidity and mortal-
ity worldwide." It is the third most common malignant
tumor, and the fifth cause of cancer-related death in China.®
Chemotherapy is the most common treatment option for breast
cancer. In most cases, its failure is due to chemoresistance,
which results in tumor progression, thereby contributing to the
major cause of cancer-related death. However, the detailed
mechanism underlying chemoresistance in breast cancer is still
poorly understood.

In our previous study, we demonstrate that elevated expres-
sion of transient receptor potential channel TRPCS5 induces
chemoresistance in breast cancer cells.”) This ability to resist
to chemotherapy could be transferred to chemosensitive breast
cancer cells through extracellular vesicles (EV) containing
TRPCS released from chemoresistant cells, leading to acquired
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chemoresistance.® Furthermore, EV-containing TRPCS5 were
found in peripheral blood from breast cancer patients undergo-
ing chemotherapy but not in patients not undergoing
chemotherapy. Therefore, because a feasible method is not
available to predict chemoresistance before chemotherapy, we
aimed to evaluate the potential role of EV-containing TRPC5
as a chemoresistance biomarker.

Exosomes, a kind of EV, are secreted membrane-enclosed
vesicles of 50-150-nm in diameter.” They contain a common
set of proteins and RNA, including the specific molecular sig-
nature depending upon the nature and conditions of the cell
type of origin.®” Here, we explore the potential involvement
of exosomes in TRPCS transfer and the role of circulating exo-
somes containing TRPCS (cirExo-TRPCS5) as a potential
chemoresistance biomarker in breast cancer.

© 2016 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
on behalf of Japanese Cancer Association.

This is an open access article under the terms of the Creative Commons Attrib
ution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial
and no modifications or adaptations are made.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

www.wileyonlinelibrary.com/journal/cas

Materials and Method

Antibodies and reagents. The primary antibodies anti-CD63
(ab59479), anti-MUCI1 (ab70475), anti-TRPC5 (ab63151) and
anti-Flotillinl  (ab133497) were purchased from Abcam
Biotechnology (Cambridge, MA, USA), while the primary
antibody anti-B-actin (AA128) was purchased from Beyotime
Biotechnology (Nantong, Jiangsu Province, China). Proteinase
K (ST532) and Triton X-100 (ST795) were purchased from
Beyotime Biotechnology. The secondary antibodies goat anti-
rabbit IgG (A0277) and goat anti-mouse IgG (A0286) were
purchased from Beyotime Biotechnology, while donkey anti-
mouse IgG (H+L) (Alexa Fluor 488, A-21202) and goat anti-
rabbit IgG (H+L) (Alexa Fluor 568, A-11011) were purchased
from Thermo Fisher Scientific (Waltham, MA, USA). RIPA
(PO013B) and the Bradford Protein Assay Kit (PO006) were
purchased from Beyotime Biotechnology. Fluorophore-labeled
donkey anti-rabbit IgG antibody (A11374) and fluorophore-
labeled donkey anti-mouse IgG antibody (A-21202) and Total
Exosome Isolation Kit (from plasma) (4484450) were pur-
chased from Invitrogen (Camarillo, CA, USA). The syringe fil-
ter unit (0.22 pm) was purchased from Millipore (Darmstadt,
Germany).

Patients and follow up. Breast cancer patients with unre-
sectable metastasis (diameter more than 1 cm, as displayed by
computed tomography [CT scan]) who received first-line
chemotherapy were enrolled in this study. MUCI1, frequently
expressed in breast cancer, is sorted into rafts by a flotillin-
dependent mechanism and exported through exosomes.® '
Thus, In this study, patients with serum MUCI level less than
10 ng/mL were excluded. Complete pathological and clinical
information of the patients was recorded, including age, sex,
serum MUCI level, tumor grade, estrogen receptor (ER)/pro-
gesterone receptor (PR) status, human epidermal growth factor
receptor-2 (HER2) status, and Ki-67 score. Plasma was
obtained from each of the 131 breast cancer patients, while
tumor tissue was obtained from 54 patients before chemother-
apy. All patients received first-line anthracycline/taxane-based
chemotherapy for at least two cycles until disease progression,
unacceptable toxicity or patient refusal. Patients who ceased
chemotherapy due to unacceptable toxicity or refusal to con-
tinue treatment were excluded. Table 1 shows the clinical and
pathological characteristics of the 131 breast cancer female
patients enrolled in this study, who were 27-85 years old
(median age 61 years). Tumor assessment was performed after
every two cycles by CT scan. Patients were classified accord-
ing to the Response Evaluation Criteria in Solid Tumors 1.1
(RECIST 1.1) into the following categories: complete response
(CR), partial response (PR), stable disease (SD) and progres-
sive disease (PD).!V Progression free survival (PFS) was
defined as the interval from the first target lesion CT scan
evaluation (less than 2 weeks before the first chemotherapy) to
PD. Ethical permission was obtained from the Ethics Commit-
tee at the Affiliated Hospital of Jiangnan University (the
Fourth People’s Hospital of Wuxi) and conformed to the provi-
sions of the Declaration of Helsinki (as revised in Fortaleza,
Brazil, October 2013).

Exosomes isolation. Exosomes were collected from patient
plasma as previously described.*'*' The exosomes pellet
was stored at —80°C until use for further research. Exosomes
were lysed in RIPA buffer containing 1 mM PMSF to release
the proteins and the total protein content was quantified using
a Bradford Protein Assay Kit (PO006, Beyotime, China). FACS
analysis and confocal analysis (see following paragraphs) were
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Table 1. Clinical and tumor characteristics for breast cancer patients

All patients (n = 131)
Characteristic

n %
Age(years)
Mean 62.6
SD 10.7
<60 57 43.51
>60 74 56.49
Sex
Male 0 0
Female 131 100
Histology
Ductal 131 100
Tumor grade
Well or moderately differentiated 63 48.09
Poorly differentiated 68 51.91
ER/PR status
Positive 77 58.78
Negetaive 54 41.22
HER-2 status
Positive 53 40.46
Negetaive 78 59.54
Ki-67 score
<14% 20 15.27
>14% 111 84.73
Chemotherapy
Anthracycline 43 32.82
Taxane 33 25.19
Anthracycline/t axane 55 41.98
Outcome of chemotherapy*
CR 0 0.00
PR 69 52.67
SD 22 16.79
PD 40 30.53

*OQutcome of 2 cycles of first-line chemotherapy in 131 breast cancer
patients was classified according to the Response Evaluation Criteria
in Solid Tumours 1.1 (RECIST 1.1) categories (complete response (CR),
partial response (PR), stable disease (SD), progressive disease (PD)). ER,
estradiol receptor; PR, progesterone receptor; HER-2, human epider-
mal growth factor receptor-2.

performed using 30 pg exosomes incubated with 10 pL 3-pum
diameter aldehyde/sulfate latex beads for 15 min at room tem-
perature under continuous rotation. The reaction was stopped
by incubation in 100 mM glycine for 30 min and the exo-
some-bound beads were blocked with 10% BSA. Coated beads
were washed three times in PBS and stained with specific anti-
bodies, as explained in the following paragraphs.

Western blot. Exosomes proteins were loaded into each lane
of an 8% polyacrylamide gel containing 0.1%SDS. The
resolved proteins were transferred to a PVDF membrane. Pri-
mary antibodies anti-CD63 (1:1000), anti-MUCI1 (1:500), anti-
TRPC5 (1:500), anti-B-actin (1:1000) and anti-Flotillinl
(1:1000) were used to detect the proteins of interest. Flotillin-
1% was used as the internal reference. The antigen—antibody
complexes were visualized by an enhanced chemiluminescent
reaction. Protein bands were analyzed using Imagel software
(NIH, Bethesda, MD, USA).

Immunofluorescent and immunohistochemical staining. The
exosome-bound beads were seeded in culture dishes. Primary
antibodies anti-TRPC5 (1:1000), anti-CD63 (1:500) and anti-
MUCI1 (1:200) were used to detect the expression of the

© 2016 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
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related protein. Latex beads were visualized under a confocal
laser scanning microscope (Leica TCS SP8, Wetzlar, Ger-
many) and analyzed using Image J software. Breast cancer tis-
sue slides were deparaffinized with xylene and rehydrated in a
graded alcohol series. After incubation in 10% BSA, the slides
were subsequently incubated with primary antibody anti-
TRPCS5 overnight at 4°C in a humidified chamber, followed by
second antibody incubation at room temperature for 1 h. The
immunostaining results were assessed by two pathologists.
Five visual fields were selected from each slide. The results
were obtained according to the German semi-quantitative scor-
ing system (no staining = 0; weak staining = 1, moderate
staining = 2, strong staining = 3) and the extent of stained
cells (0% =0, 1-24% =1, 25-49% =2, 50-74% = 3,
75-100% = 4)." The final immunoreactive score was deter-
mined by multiplying the intensity score with the score extent
of stained cells, ranging from O (the minimum score) to 12
(the maximum score) and was defined as follows: + (0-3), +
(3.1-6), ++ (6.1-9), +++ (9.1-12).

Flow cytometry. Exosome-bound beads collected by centrifu-
gation were stained with primary antibody against TRPCS
(1:200) for 2 h and incubated at room temperature with Alexa-
568-tagged secondary antibody (1:1000) for 1 h. Finally, sam-
ples were re-suspended in PBS and analyzed using a FACSCal-
ibur Flow Cytometer (BD Biosciences, Mountain View, USA).

Statistical analysis. Results are expressed as mean £+ SE. Sta-
tistical significance was determined by Student’s t-test. The
relationship between the cirExo-TRPCS level and various
pathological and clinical factors was analyzed using the
Mann—Whitney U-test. The most appropriate cirExo-TRPCS
score change ratio cut-off value was obtained by Cox hazard
proportional model according to PFS. Factors deemed of
potential importance in the univariate analyses (P < 0.05) were
included in the multivariate analyses. Multivariate analysis was
performed using the Cox regression method in order to search
for independent prognostic factors for PFS. The Kaplan—-Meier
method was used to plot the PFS curve and the log-rank test
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was used to determine significance. P < 0.05 was considered
statistically significant.

Results

Chemotherapy outcome. After the first two chemotherapy
cycles, 69 patients achieved CR or PR (considered as respon-
ders) and the remaining 62 patients achieved SD or PD (con-
sidered as non-responders). The termination of follow up was
PD. A total of 656 cycles (2-10 cycles, median 4 cycles) of
first-line chemotherapy was performed in all 131 breast cancer
patients enrolled in this study, with 192 cycles of first-line
chemotherapy in non-responders. The most common adverse
events were nausea (84 [64.1%]), vomiting (61 [46.6%]) and
neutropenia (66 [50.4%]).

CirExo-TRPC5 level was correlated with TRPC5 expression level
in breast cancer tissues. CD63, an established exosomal mar-
ker," was used to examine exosomes adsorption by the latex
beads. Western blot showed the presence of CD63, MUC1 and
TRPCS5 in the final exosomes pellet from patient plasma
(Fig. 1a). We next investigated the possible cell contamination
in the exosomes proteins. The circulating exosomes acquired
from 400 uL plasm of the same patient were treated with
0.5 mg/mL proteinase K (1 h, 37°C) and 1% Triton X-100
(20 min), and subsequent western blot showed that the B-actin
protein level in exosomes was unchanged upon proteinase K
treatment alone, while significantly decreased when treated
with proteinase K and Triton X-100 simultaneously (Fig. 1b).
These results indicated the exosomes proteins used in our
study did not cause cell contamination. Likewise, further
immunofluorescent staining showed different fluorescence
intensity when detecting CD63, MUC1 and TRPCS in exo-
somes from plasma, while no fluorescence was observed in the
absence of exosomes or primary antibodies (Fig. lc). Latex
beads without incubation with exosomes or primary antibody
were considered as controls. These results indicated the exo-
somes presence in the patients’ plasma containing MUC1 and
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Fig. 1. Adsorption of exosomes by the latex
beads. Western blot (a) showed different levels of
TRPC5, CD63 and MUC1 protein in peripheral blood
of representative metastatic breast cancer patients.
Western blot (b) showed different B-actin protein
levels in exosomes in cirExo treated with proteinase
K alone or combined with Triton X-100. NS, no
significant versus cirExo; *P < 0.05 versus cirExo.

v

©) Immunofluorescent staining (c) showed different

fluorescence intensity when detecting CD63, MUC1
and TRPC5 in exosomes from plasma, while no
fluorescence was observed in the absence of
exosomes or primary antibodies.
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Fig. 2. CirExo-TRPC5 level was correlated with
TRPC5 expression level in breast cancer tissues.
Representative images from immunohistochemical
staining (a) of TRPC5 expression in human breast
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cancer tissues (scale bars, 100 uM). Flow cytometry
(b) showed different cirExo-TRPC5 levels in plasma
from different breast cancer patients. (c) Pearson
correlation analysis showed that TRPC5 expression
levels in breast cancer tissues were positively
correlated to cirExo-TRPC5 levels (P < 0.001). (d)
cirExo-TRPC5 levels detected by western blot
(flotillin1 as the internal reference) (WB-cirExo-
TRPC5) were significantly positively correlated to 0

Count

WB-cirExo-TRPC5
5]

cirExo-TRPC5 levels detected by FCM (FCM-cirExo-
TRPC5) (P < 0.05).

TRPCS protein. Immunohistochemistry staining showed differ-
ent TRPCS expression levels in different breast cancer tissues
(Fig. 2a), while flow cytometry (FCM) showed different cir-
Exo-TRPCS levels in plasma from different patients (Fig. 2b).
Pearson correlation analysis showed that TRPCS5 expression
levels in breast cancer tissues were positively correlated to cir-
Exo-TRPC5 levels (Fig. 2¢). Similar positive correlation was
observed between cirExo-TRPCS levels detected by western
blot and cirExo-TRPCS levels detected by FCM (Fig. 2d).

CirExo-TRPC5 level before chemotherapy (initial cirExo-TRPC5
level) was significantly correlated with tumor response. We next
explored the relationship between cirExo-TRPCS5 levels and
chemotherapy outcome. FCM showed that the mean of TRPCS
immunofluorescence in latex beads in the 131 breast cancer
patients before chemotherapy ranged from 3.1 to 88.6 (median
45.7). Less than 45.7 was defined as low level while more was
defined as high level. Table 2 shows the correlation between
cirExo-TRPC5 levels and breast cancer patients’ characteris-
tics. The cirExo-TRPCS level before chemotherapy was signif-
icantly negatively correlated with chemotherapy outcome, and
the cirExo-TRPCS5 levels from responders were significantly
lower than the level from non-responders. The median of cir-
Exo-TRPCS levels in responders and non-responders was 38.5
and 56.6, respectively (Fig. 3a). Further Pearson correlation
analysis showed that initial cirExo-TRPCS5 levels were signifi-
cantly negatively correlated with tumor shrinkage ratio
(Fig. 3b), which was defined as the ratio of the post-che-
motherapy tumor diameter divided by pre-chemotherapy tumor
diameter.

Increased cirExo-TRPC5 level after chemotherapy predicted
acquired chemoresistance. Cancer bulk is usually difficult to
access inside the body, while exosomes can easily be harvested
in peripheral blood. Because exosomes contain many molecu-
lar features of the donor cancer cells, cancer bulk characteris-
tics can be evaluated through examining the circulating
exosomes. We next explored the dynamic change of cirExo-
TRPCS levels in the peripheral blood of each patient during
first-line chemotherapy. No significant change of cirExo-
TRPCS level was observed in the 40 patients who achieved
PD (P = 0.41) and in the 91 patients who achieved CR/PR/SD
(P = 0.47) after the first two cycles of chemotherapy (Fig. 3c,
d). Among the 91 patients who achieved CR/PR/SD after the
first two chemotherapy cycles, cirExo-TRPCS5 levels decreased
in 37 patients and increased in 53 patients, while no change
was observed in 1 patient after two chemotherapy cycles, as
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shown by FCM. Table 3 shows the different ratios of the cir-
Exo-TRPCS levels after two chemotherapy cycles divided by
the cirExo-TRPCS5 levels before chemotherapy. The ratios ran-
ged from 0.57 to 6.22. Results of the ratios’ cut-off values for
PFES are listed in Table 3 and 1.09 was selected as the appro-
priate cut-off value. Among the 91 patients who achieved CR/

Table 2. Characteristics of breast cancer patients according to
cirExo-TRPC5 level

cirExo-TRPC5 level
Characteristic

Low (N = 65) High (N = 66) P#
Age(years)
<60 29 28 0.80
>60 36 38
Sex
Female 65 66 NA
Histology
Ductal 65 66 NA
Tumor grade
Well or moderately 31 32 0.93
Poorly 34 34
ER/PR status
Positive 39 38 0.78
Negetaive 26 28
HER-2 status
Positive 29 24 0.34
Negetaive 36 42
Ki-67 score
<14% 12 11 0.79
>14% 53 55
Chemotherapy
Anthracycline 30 25 0.13
Taxane 16 27
Anthracycline/t axane 19 14
Outcome of chemotherapy*
CR/PR 42 27 <0.01
SD/PD 23 39

*Qutcome of first-line chemotherapy in 131 breast patients was classi-
fied according to the Response Evaluation Criteria in Solid Tumours
1.1 (RECIST 1.1) categories (complete response (CR), partial response
(PR), stable disease (SD), progressive disease (PD)).#P < 0.05 by the chi-
squared test. ER, estradiol receptor; PR, progesterone receptor; HER-2,
human epidermal growth factor receptor-2.

© 2016 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
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Fig. 3. Initial cirExo-TRPC5 level (cirExo-TRPC5 level before

chemotherapy) was significantly correlated with tumor response.
(a) Median mean of cirExo-TRPC5 levels in responders was significantly
lower than in non-responders (P < 0.05). (b) Pearson correlation analy-
sis showed that initial cirExo-TRPC5 levels were significantly negatively
correlated with the tumor shrinkage ratio (P < 0.05). Student’s t-test
showed no significant change of cirExo-TRPC5 level after chemother-
apy in the 91 patients who achieved complete response (CR)/partial
response (PR)/stable disease (SD) (P = 0.47) (c) and in the 40 patients
who achieved progressive disease (PD) (P = 0.41) (d).

PR/SD after the first two chemotherapy cycles, patients with a
cirExo-TRPCS5 increase of more than 1.09 times (n = 36)
showed a median PFS of 4 months, while patients with a cir-
Exo-TRPCS5 increase of not more than 1.09 times (n = 55)
showed a median PFS of 10 months (P = 0.0042) (Fig. 4).
Univariate analysis showed that none of the other factors (age,
sex, tumor grade, ER/PR status, HER?2 status and Ki-67 score)
were significantly associated with PFS. Consecutive detection
of the latter 55 patients showed that the cirExo-TRPCS5 level
increased prior to PD in 29 patients (the interval ranged from
2 to 12 months [median 4 months]), while it did not increase
in only 5 patients who achieve PD and 12 patients who
remained with no PD until flow-up termination.

Discussion

Chemoresistance is believed to cause treatment failure in
>90% of patients with metastatic cancer.'® Predicting
chemoresistance before chemotherapy may avoid unnecessary
chemotherapy and save medical resources. Hence, the identifi-
cation of chemoresistance biomarkers is of utmost importance
to pursue this target, which reflects the aim of this study. The
detailed chemoresistance mechanism at a cellular level has
already been elucidated,"® while little is known regarding
chemoresistance prediction in clinical chemotherapy.”'”™

The most frequent approach used in clinical studies has been
to analyze the correlation between the chemoresistance-related
gene/protein expression level in tumor tissue and chemother-
apy outcomes. The critical point is that tumor cells in a tumor
mass are heterogeneous.( 9200 1 addition, studies have

© 2016 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
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identified a dynamic alteration of key genes expression in
tumor cells,*" probably leading to the failure of chemoresis-
tance prediction by single biopsy in clinical chemotherapy.
Thus, a more appropriate method may be consecutive biopsies
before each chemotherapy treatment to dynamically detect
molecular change in cancer cells. However, such a method is
not feasible in most cases as malignant lesions are often diffi-
cult to access, such as in the brain, liver or lung.

The analysis of EV released from viable cells might abolish
the above difficulties and make possible the evaluation of
chemoresistance before chemotherapy is undertaken. Studies
have demonstrated that EV can be secreted constitutively®®
and contain numerous tumor-specific molecules mirroring the
donor cancer Cells,mfﬂ) including chemoresistance-related
proteins.“?%?* This property makes EV the ideal molecular
biomarker mirror of the malignant lesions difficult to access.
EV can be divided into three main classes: exosomes,
microvescicles and apoptotic bodies. Among them, exosomes
have recently received most of the attention.

In this study, cirExo-TRPCS5 level was significantly and pos-
itively related with TRPCS protein level in cancer tissues in
advanced breast cancer patients before chemotherapy, suggest-
ing that exosomes might act as the rational mirror of this
malignant lesion.

Our previous study found that low TRPCS5 expression is
specific for chemosensitive breast cancer cells, while elevated
TRPCS5 expression was essential for acquired chemoresistant.®
This result indicated the importance of real-time monitoring of
chemoresistance by examining TRPCS expression in patients’
breast cancer cells. Furthermore, circulating EV-containing
TRPCS5 was released from chemoresistant breast cancer cells
and could enter into chemosensitive breast cancer cells, result-
ing in a switch to chemoresistance.” These results not only
demonstrated a novel chemoresistance mechanism, but also
indicated that different cirExo-TRPC5 levels might represent a
critical difference between chemoresistant and chemosensitive
breast cancer cells. In contrast to chemosensitive breast cancer
cells, high cirExo-TRPCS5 level should be the rational mirror
of the chemoresistant breast cancer cells. In addition, in accor-
dance with our previous study,” cirExo-TRPC5 was found in
peripheral blood of breast cancer patients in this study, indicat-
ing that cirExo-TRPC5 might be a promising chemoresistance
marker for breast cancer patients.

Exosomes are not detectable by clinical routine examination
through FCM (500-nm diameter) due to their small size
(50-150-nm diameter). In this study, aldehyde/sulfate latex
beads (3-pum diameter) were used to adsorb the exosomes as
previously described,"” and we validated the existence of
exosomes attached to the beads.

We next explored whether cirExo-TRPCS levels were
related to tumor response to chemotherapy. As similar results
were found in numerous studies regarding other chemoresis-
tance-related molecules,” a y’-test showed significantly posi-
tive correlation between initial exosome-carrying TRPCS5 level
and tumor response, while survival analysis showed that no
cut-off value of initial cirExo-TRPCS level could predict PD
in patients who achieved CR/PR/SD after the first two
chemotherapy cycles (data not shown).

In theory, as a potential chemoresistance marker, the cirExo-
TRPCS level was dependent on the amount of the chemoresis-
tant cancer cells, while the chemoresistant tumor burden was
different in each patient. This might represent an explanation
for the inconsistence between initial cirExo-TRPCS level and
tumor response to chemotherapy in a certain number of

Cancer Sci | March 2017 | vol. 108 | no.3 | 452
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Table 3. Cutoff values of TrpC5 score change ratio in circulating
exosomes according to PFS

Cutoff value of TrpC5 score

change ratio Wald  Sig. HR(95.0% Cl)
0.57 0.562 0.454 2.127 (0.295-15.317)
0.58 0.076 0.783 1.219 (0.299-4.969)
0.59 0.006 0.939 1.036 (0.418-2.568)
0.60 0.05 0.824 0.909 (0.395-2.096)
0.63 0.028 0.867 0.936 (0.429-2.039)
0.64 0.137 0.712 0.877 (0.436-1.762)
0.66 0.621 0.431 1.307 (0.671-2.545)
0.68 0.621 0.431 1.282 (0.691-2.378)
0.71 0.771 0.38  1.308 (0.719-2.38)
0.72 0.469 0.493 1.225 (0.685-2.191)
0.73 0.245 0.621 1.154 (0.655-2.031)
0.75 0.176 0.675 1.125 (0.648-1.955)
0.82 0.055 0.814 1.067 (0.622-1.831)
0.84 0.013 0.909 1.031 (0.608-1.751)
0.86 0.019 0.891 1.037 (0.617-1.744)
0.87 0.002 0.969  0.99 (0.594-1.65)
0.88 0.61 0.435 1.219 (0.742-2.003)
0.91 0.445 0.505 1.177 (0.729-1.902)
0.92 0.358 0.549 1.155 (0.721-1.849)
0.93 0.243 0.622 1.125 (0.705-1.794)
0.94 0.716 0.397 1.224 (0.767-1.952)
0.95 0.55 0.458 1.192 (0.75-1.895)
0.96 0.465 0.495 1.174 (0.74-1.861)
0.97 0.335 0.563 1.145 (0.724-1.811)
1.00 0.179 0.672 1.103 (0.699-1.741)
1.01 0.503 0.478 1.178 (0.749-1.851)
1.02 1.129 0.288 1.278 (0.813-2.01)
1.04 1.738 0.187 1.356 (0.862-2.131)
1.05 4.194 0.041 1.608 (1.021-2.533)
1.06 3.59 0.058 1.55(0.985-2.44)
1.07 3.716 0.054 1.562 (0.993-2.458)
1.08 4336 0.037 1.626 (1.029-2.568)
1.09 576 0.016 1.757 (1.109-2.783)
1.10 4433 0.035 1.649 (1.035-2.626)
1.12 3.778 0.052  1.59 (0.996-2.538)
1.15 2.788 0.095 1.502 (0.932-2.422)
1.36 2.256 0.133 1.447 (0.894-2.342)
1.39 1.51  0.219 1.361 (0.832-2.226)
1.40 1.115 0.291 1.307 (0.795-2.15)
1.44 1.221 0.269  1.33 (0.802-2.203)
1.46 2492 0.114 1.504 (0.906-2.495)
1.51 1.957 0.162 1.443 (0.863-2.411)
1.55 3.656 0.056 1.653 (0.987-2.768)
1.56 2,989 0.084 1.586 (0.94-2.677)
1.63 2.638 0.104 1.555 (0.913-2.648)
1.69 2.057 0.152 1.487 (0.865-2.558)
1.70 1.539 0.215 1.42(0.816-2.47)
1.79 1.087 0.297 1.352(0.767-2.382)
1.90 0.85 0.357 1.315(0.735-2.352)
1.94 0.51 0.475 1.244 (0.684-2.262)
1.97 0.251 0.617 1.171(0.631-2.172)
2.00 0.201 0.654 1.164 (0.598-2.266)
2.05 0.045 0.833 1.078 (0.537-2.163)
2.07 0.709 0.4 1.349 (1-0.568)
2.42 0.346 0.556 1.247 (0.598-2.597)
2.45 0.104 0.747 1.137 (0.522-2.478)
2.58 0.31  0.578 1.268 (0.55-2.924)
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Table 3 (Continued)

Cutoff value of TrpC5 score

change ratio Wald  Sig. HR(95.0% ClI)

2.67 0.457 0.499 1.368 (0.552-3.391)
2.84 1.247 0.264 1.781 (0.647-4.905)
3.43 0.532 0.466 1.539 (0.483-4.903)
4.34 0.075 0.784 1.217 (0.298-4.977)
5.17 0.008 0.929 0.914 (0.127-6.597)

HR, hazard ratio; Cl, confidence interval.

100 -
£ 80-
£ Log-rank P = 0.0042
260
«
-] L.
2 40
(=9
n :
= 20- b,
| T Y |
0 Ll T L

0 6 12 18 24 30
Time (months)

—— TRPCS score change ratio <1.09 (N = 55)
----- TRPCS score change ratio=>1.09 (N = 36)

Fig. 4. Increased cirExo-TRPC5 level after chemotherapy predicted
acquired chemoresistance. Metastatic breast cancer patients with a cir-
Exo-TRPC5 increase of more than 1.09 times (n = 36) after the first 2
chemotherapy cycles showed a significantly shorter progression free
survival than patients with a cirExo-TRPC5 increase of not more than
1.09 times (n = 55) (log-rank, P = 0.0042).

patients and the failure for cirExo-TRPCS level in predicting
PES.

The easy accessibility of circulating exosomes allowed us to
undertake real-time monitoring of cirExo-TRPCS. As a result,
our data indicated the feasibility of predicting chemoresistance
through examining cirExo-TRPCS.

As exosomes could be released from a variety of cells, and
no biomarker can be used to diagnose malignant tumors, the
inevitable consequence was the involvement of exosomes from
non-malignant cells. We enrolled patients with serum MUCI
levels >10 ng/mL to use MUC1 for exosomes screening. In
this way, exosomes from non-malignant cells could be avoided
as much as possible.

The definition of an ideal chemoresistance marker should
include an appropriate cut-off value, which could discriminate
the chemoresistance among all breast cancer patients. As men-
tioned above, the quantity of released exosomes depends on
different factors, including tumor burden and exterior pressure,
which are completely different in each patient. Although the
plausible cut-off value of the initial cirExo-TRPCS level was
identified to predict tumor response in this study, we did not
validate its value in predicting PFS.

The current chemoresistance evaluation was based on imag-
ing examination, such as CT and magnetic resonance imaging.

© 2016 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
on behalf of Japanese Cancer Association.
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However, chemoresistance could be not evaluated before the
increase of the target. Hysteresis indicates patients receiving
inefficient and unnecessary final chemotherapy cycles and the
consequent waste of medical resources would delay the appro-
priate therapy. In addition, the increase of target lesions sug-
gests not only chemoresistance, but other phenomena,
including higher growth rate than death rate induced by
chemotherapy and heterogeneous response to chemotherapy.
Under these circumstances, switching to a wholly new
chemotherapy regimen might not be suitable despite no better
choice being currently available.

The main purpose of this study was describing a method to
predict molecular chemoresistance. Our results indicated that
circulating exosomes might serve to evaluate chemoresistance
based on imaging examination.
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