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ABSTRACT
Taxanes are mainstay treatment of triple negative breast cancer (TNBC) patients but resistance often
develops. Using TNBC patient-derived orthoxenografts (PDX) we have recently discovered that a CD49fC
chemoresistant population with tumor-initiating ability is present in sensitive tumors and expands in
tumors that have acquired resistance. Importantly, sensitivity to taxanes is recovered after long-term drug
interruption. The characterization of this chemoresistant CD49fC cells provides a unique opportunity to
identify novel targets for the treatment of chemoresistant TNBC.
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Triple negative breast cancer (TNBC) is the most heteroge-
neous and aggressive subtype of breast cancer. Mainstay
treatment is chemotherapy, mostly anthracyclines and tax-
anes.1,2 The major cause of death is not the primary tumor
but the metastases, which normally display resistance to
treatment.3

The best way to study mechanisms of chemoresistance
would be by direct comparison of paired biopsies collected
before and after resistance appears, but these paired sensi-
tive/resistant samples are often difficult to obtain. To over-
come this limitation we took advantage of patient-derived
orthoxenografts (PDXs) we have established in the labora-
tory. Our collection including TNBC, luminal, human epi-
dermal growth factor receptor 2 (HER2) models and breast
cancer 1/breast cancer 2 (BRCA1/BRCA2) mutated tumors
represents the human breast cancer heterogeneity.4 An
exhaustive characterization of these models confirmed that
they mimic the main characteristics of the human tumors
from which they derive, although differences are observed
in some models. Moreover, luminal models were resistant
to docetaxel whereas TNBC PDX models were initially sen-
sitive, but they progressively acquired resistance by contin-
ued exposure to the drug mimicking the clinical scenario.
These paired sensitive–resistant TNBC tumors constitute
valuable tools for the study of resistance acquisition in
TNBC. Interestingly, chemoresistant-derived TNBC tumors
regained sensitivity after long-term maintenance in the
absence of the drug. This phenomenon called “drug holi-
days” has been described for targeted therapies,5,6 but never
for chemotherapy treatments. Using gene expression analy-
ses from chemosensitive/resistant tumors we identified a

predictive signature of residual disease after anthracycline/
taxane based therapy in patients with basal-like disease,
validating the clinical significance of our approach.

It has been shown that in a variety of neoplasias there are
populations of cancer stem cells (CSCs) with tumor-initiating
(TIC) ability, resistant to chemotherapy and therefore,
responsible of recurrence and metastasis. No changes were
observed in the most generally breast cancer stem cell
markers, CD44C/CD24- population and aldehyde dehydroge-
nase (ALDH) C activity when sensitive and resistant-derived
TNBC tumors were compared; however, an expansion of the
CD49fC population in both chemoresistant-derived TNBC
models was observed. Moreover, CD49f-high expression was
associated with non-pathological complete response or poor
overall survival after chemotherapy in several clinical data
sets.

We next wondered whether a chemoresistant CD49fC
population was initially present in our chemosensitive PDX
tumors, or alternatively whether this population arose after
long-term treatment with docetaxel. An increase in the fre-
quency of CD49fC cells was observed in residual disease
after short-term treatments with docetaxel. Interestingly, the
frequency of the CD49fC population present in the “drug
holidays” tumors was comparable to that in sensitive
tumors of origin. Thus, a chemoresistant CD49fC popula-
tion is initially present in the sensitive tumors, survives to
docetaxel treatment, is enriched in residual disease and
expands in TNBC tumors with acquired resistance (Fig. 1).

Analyses of residual disease after docetaxel treatment in
multiple TNBC PDXs revealed an increase in CD49f
(ITGA6) mRNA expression in most sensitive TNBC PDX,
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whereas no changes in CD49f expression were observed in
resistant TNBC PDX. Moreover, higher CD49f expression
levels were also observed in cells from TNBC cell lines that
survive docetaxel treatment. Altogether, these results dem-
onstrate that despite the heterogeneity of the TNBC disease,
a chemoresistant CD49fC population is present in most
TNBC sensitive tumors and that modulation of this popula-
tion associates with docetaxel resistance in this subtype
(Fig. 1).

Finally, we functionally challenged the CD49fC cells as
breast CSC analyzing the two most common properties associ-
ated with CSC: tumor-initiating ability and chemoresistance.
CD49fC and CD49f- cells from our sensitive TNBC PDX were
orthotopically injected in immunocompromised mice. The
CD49fC cells from TNBC showed an increased tumor-initiat-
ing ability than the negative ones, and CD49fC-derived tumors
show higher levels of CD49fC population and were more resis-
tant to docetaxel compared to the initial sensitive ones or the
CD49f–derived tumors.

Gene expression analyses of CD49fC and CD49f- cells
from sensitive and resistant tumors revealed downregulation
of keratins, claudins and P-cadherin (P-CADH), and upre-
gulation of proliferation related genes in the CD49fC resis-
tant population. This signature predicts residual disease
following anthracycline/taxane based therapy in basal-like
breast cancer.

PDXs have become popular models in the study of cancer
and constitute a unique tool to investigate tumor heterogeneity,
tumoral evolution and cancer resistance. They fill the gap
between basic research knowledge and clinical research, with
clear advantages over cancer cell lines as state-of-the-art trans-
lational models.7,8

The “drug holidays” effect showed in our resistance acquired
TNBC PDXs has important implications for clinical decisions
and drug scheduling, particularly in metastatic TNBC disease
where no targeted therapies are available.

Our results evidence the intra-tumor heterogeneity of the
TNBC disease where different tumoral populations, with
different drug sensitivities can coexist in the same tumor.
The existence of a chemoresistant CD49fC population with
TIC ability in most sensitive TNBC would have to be clini-
cally validated in the neoadjuvant clinical setting, ideally in
the residual disease after taxane-based therapy. The gene

expression signature predictive of residual disease identified
constitute a closer approach to personalized medicine. Fur-
ther characterization of this chemoresistant CD49fC cells
can reveal novel therapeutic targets for the treatment of the
metastatic TNBC disease.
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idays). In the short-term treatment, the surviving cells are the CD49fC chemoresistant.
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