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No evidence for TSLP pathway activity in human breast cancer
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ABSTRACT
Thymic stromal lymphopoietin (TSLP) is an epithelial cell-derived cytokine that primes dendritic cells for Th2
induction. It has been implicated in different types of allergic diseases. Recent work suggested that TSLP could
play an important role in the tumor microenvironment and influence tumor progression, in particular in breast
cancer. In this study we systematically assessed the production of TSLP at the mRNA and protein levels in
several human breast cancer cell lines, large-scale public transcriptomics data sets, and primary human breast
tumors. We found that TSLP production was marginal, and concerned less than 10% of the tumors, with very
low mRNA and protein levels. In most cases TSLP was undetectable and found to be expressed at lower levels
in breast cancer as compared to normal breast tissue. Last, we could not detect any functional TSLP receptor
(TSLPR) expression neither on hematopoietic cells nor on stromal cells within the primary tumor
microenvironment. We conclude that TSLP-TSLPR pathway activity is not significantly detected within human
breast cancer. Taken together, these observations do not support TSLP targeting in breast cancer.
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Introduction

Within the tumor microenvironment, a diversity of immune-
modulating factors can shape antitumor immunity, either by
inducing and strengthening it, or by shifting a protective cytotoxic
response toward an inappropriate regulatory response.1 In partic-
ular, cytokines mediate complex cross talks between tumor cells
and immune cells. Immune cell-derived cytokines may affect
tumor cell differentiation, invasion and metastasis, hence partici-
pating in the oncogenic process. For example inflammatory cell-
derived TNF can promote tumor epithelial cell survival through
the induction of genes encoding NF-kF—dependent antiapoptotic
molecules.2 Conversely tumor cell-derived cytokines are critical to
shape the state and effector functions of tumor-infiltrating
immune cells. IL6 produced by renal cell carcinoma inhibits den-
dritic cell function and differentiation.3 Tumor-derived TNF may
contribute to different functions related to the type of tumor and
the timing.4 We have shown that tumor-derived GM-CSF pro-
motes plasmacytoid pre-dendritic cell (pDC) survival and activa-
tion, with subsequent priming of a regulatory Th2 response.5

Thymic stromal lymphopoietin (TSLP) is an epithelial cell-
derived cytokine that promotes Th2 polarization through den-
dritic cell activation.6,7 TSLP is central to the physiopathology of
allergic inflammation, such as atopic dermatitis and asthma.6,8,9

Recently, it was shown to contribute to autoimmune inflamma-
tion, in particular in psoriasis.10 Because of its role in linking epi-
thelial cells to immune cells, TSLP has been explored in the past

few years as potentially contributing to the tumor-immune cell
crosstalk.11-14 TSLP investigation in cancer was also motivated by
the presence of Th2 type responses in some tumors, raising the
hypothesis that Th2 promoting factors may be produced by tumor
cells. Based on this rationale, TSLP was suggested to play a role in
human breast cancer as a key cytokine produced by tumor epithe-
lial cells and promoting T helper cells to produce IL-13, a proto-
typical Th2 cytokine.12,13 TSLP was also implicated in pancreatic
cancer where it was shown to be secreted by tumor-infiltrating
fibroblasts.11 In these two clinical settings and in a mouse model
of breast and pancreatic cancer, TSLP was associated with tumor
progression and metastasis.13,15 In contrast, a recent study
reported systemic TSLP impairs breast cancer and pancreatic
development in mice through direct stimulation of Th2 cells.16 In
these studies, association between TSLP and prognosis in clinical
cohorts of breast cancer patients was not assessed. In addition,
results obtained in various skin cancer models suggested that
TSLP may be of good prognosis and favor tumor regression.17,18

Hence, the role of TSLP in cancer and the underlying mechanisms
of action remain controversial.

In an effort to map TSLP expression in various tumor types,
we had initiated several years ago a screening by immunohis-
tochemistry in human primary tumors. Breast cancer was used
as a main model for adenocarcinomas and head and neck can-
cer as a model for epidermoid tumor. While we observed high
TSLP expression in head and neck tumors (see Guillot-Delost
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et al., companion paper), we did not detect TSLP staining in
breast adenocarcinomas. Because of the conflicting data pub-
lished in breast cancer, we sought to analyze in depth, in a sys-
tematic manner, the TSLP-TSLP receptor axis in human breast
cancer at different levels and using a variety of methods.
Although low TSLP was found in few tumor samples, most
results indicated a lack of TSLP expression, both at the mRNA
and protein levels, ex vivo and in situ. We also observed a lack
of TSLP-receptor expression in the breast cancer microenviron-
ment. We therefore, conclude that there is no evidence for
TSLP pathway activity in human breast cancer.

Results

Breast cancer cell lines do not express TSLP mRNA

First, we screened TSLP mRNA expression in breast cancer cell
lines using quantitative PCR (Fig. 1A). The lung fibroblast sar-
coma cell line MRC5, which was initially used to clone human
TSLP,19 was used as a positive control for TSLP mRNA, with
PBMC being our negative control (Fig. 1A). In comparison, we
analyzed 11 breast cancer cell lines of different molecular subtypes.
All breast cancer cell lines were negative for TSLP expression
(Fig. 1A). In order to further increase the diversity of cell lines in
an unbiased manner, we mined the Cancer Cell Line Encyclope-
dia, CCLE public database, which includes RNAseq expression
data of about 1036 human cell lines from different anatomical
sites.20 We analyzed TSLP expression, and also assessed IL-8 and
SDF1 expression as controls (Fig. 1 B–D). TSLP was absent or
expressed at very low level in breast cancer cell lines (Fig. 1B, right
panel). Higher levels were observed in triple negative (TN) cell
lines, as compared to luminal A (ERCHer2¡) and Her2C cell lines,
although expression remained close to detection limit for most cell
lines (Fig. 1B, right panel). In addition, these gene expression

levels were marginal as compared to cell lines expressing signifi-
cant levels (>2 ) of TSLP (Fig. 1B, left panel). IL-8 expression was
detected at low levels in the different cell lines, with again a slightly
higher expression in TN breast cancer cell lines (Fig. 1C). In com-
parison, SDF1 was most significantly expressed in luminal A and
TN breast cancer cell lines (Fig. 1D). In summary, although our
own assessments of TSLP expression by quantitative PCR was
negative on all 11 breast cancer cell lines tested, data mining of
transcriptomic profiles in 58 breast cancer cell lines raised the pos-
sibility of a very low TSLP expression in TN breast cancer subtype.

Transcriptomic analysis reveals that TSLP mRNA level is
higher in normal breast than in primary breast cancer
tissue

In order to get closer to primary tumors, we went on data min-
ing The Cancer Genome Atlas, TCGA database, comprising
transcriptional profiles of about 591 primary breast tumors.21

Importantly, this large-scale data set also included normal
breast tissue, which is key to interpret any results related to a
neoplastic tissue. Surprisingly, we found significant TSLP
expression only in normal breast tissue, which was statistically
higher than in any of the three breast cancer molecular sub-
types (Fig. 2A). In this primary tumor expression dataset,
higher TSLP in TN tumors was not observed, since all three
tumor types had expression levels close to zero (Fig. 2A). By
comparison IL-8 expression was significantly higher in luminal
A and TN tumors, as compared to Her2C tumors and normal
breast tissue (Fig. 2B). SDF1 was higher in normal breast tissue,
parallel to TSLP (Fig. 1A and C). These results do not support
significant TSLP expression in primary breast cancer, and
excluded TSLP expression as a specific feature of the breast
tumor inflammation since it was observed at higher levels in
normal breast tissue.

Figure 1. Breast cancer cell lines do not express TSLP mRNA. (A) TSLP mRNA expression quantified by quantitative PCR (TaqMan) in 11 breast cancer cell lines. PBMC and
MRC5 correspond to negative and positive control respectively. N D 4. (B, C, D) Boxplots in the left panels represent mRNA expression in 1036 cancer cell lines from CCLE
of TSLP, IL-8 and SDF1 respectively. (B, C, D) Boxplots in the right panels show the gene expression of TSLP, IL-8 and SDF1 respectively for breast cancer cell lines, which
were grouped according to their corresponding molecular subtype. p values were calculated with a t test comparing different cancer cell subtypes.
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qPCR analysis reveals that TSLP mRNA expression is higher
in juxta-tumor tissue than primary breast cancer tissue

In order to get a more reliable and controlled assessment of TSLP
expression in primary breast cancer, we prospectively collected
and analyzed primary breast tumors obtained from the Institut
Curie Pathology Department. We performed quantitative PCR
analysis for TSLP mRNA on 19 independent tumors coupled to
their juxta-tumor non-involved counterpart (Fig. 3A). As for the
cell lines, PBMC were used as negative control and MRC5 as a
positive control for TSLP (Fig. 3A). TSLP expression was negative
or very low (<20 %) in all tumor samples, and was systematically
lower in the tumor as compared to the juxta-tumor non-involved
counterpart (Fig. 3A). This result was in accordance with the
higher levels observed in normal breast tissue from the TCGA
database (Fig. 2A). Considering all tumor samples, higher TSLP
levels were observed in the non-involved tumor counterpart in a
statistically significant manner (Fig. 3B).

Breast cancer tissue do not express detectable amount of
TSLP protein

In order to get a first assessment of TSLP protein expression
levels, we cultured for 24 h each of the 19 primary tumor sam-
ples, as well as their juxta-tumor counterpart, and analyzed the
tissue-conditioned supernatants for TSLP secretion by ELISA
(Fig. 3C). Three tumor samples out of 19 (15%) released TSLP,
although at very low levels, slightly above detection limit, which

was set by the ELISA manufacturer at 32.5 pg/mL (Fig. 3C).
Surprisingly, juxta-tumor samples did not release any detect-
able TSLP protein while they expressed TSLP at the mRNA
level. This could be due to TSLP retention within the cytoplasm
in this tissue type (Fig. 3C), as was noted in skin TSLP studies.22

As tissue culture performed in serum-containing medium
could artificially alter TSLP expression, we decided to next
assess TSLP expression in situ. TSLP expression was assessed
by immunohistochemistry on 16 primary breast tumors that
were frozen within 15 min following resection. We used a pre-
viously validated monoclonal antibody (by us and others).10,23

On human tonsil sections, we could verify that the majority
(>80 %) of epithelial cells were TSLP positive, as previously
published6 (Fig. 4A and C). On the contrary only two out of 16
breast tumors (12.5%) showed a slight positivity for TSLP, with
less than 10% of the tumor cells harboring a specific staining
pattern (Fig. 4B and C). For each tumor, pathological examina-
tion and hematoxylin-eosin-safran (HES) staining in consecu-
tive tissue sections confirmed the presence of epithelial tumor
cells (Fig. 4B). Thus, using two complementary approaches, we
showed that only a minority of tumors was positive for TSLP
protein and the TSLP levels we could detect remained marginal.

TSLP receptor is not expressed in the breast cancer
microenvironment

Considering the possibility that low levels of TSLP protein
may be secreted in some tumors, downstream function would

Figure 2. TSLP mRNA level is higher in normal breast than breast cancer tissue. (A, B, C) mRNA expression in 58 breast cancer patients from TCGA of TSLP, IL-8 and SDF1
respectively. Boxplots represent data of tumors classified in three different subtypes, namely Luminal (ERCHer2¡), Her2C and Triple negative (TN) and normal breast tis-
sue as indicated. p values were calculated with a t test comparing different clinical groups.
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depend on the expression of the TSLP receptor within the
tumor microenvironment. TSLP signals through its receptor
only when the TSLP receptor specific chain (TSLP-R) dimer-
izes with the IL-7 receptor a chain (IL-7-Ra). We thus ana-
lyzed by flow cytometry the co-expression of TSLP-R and IL-
7-Ra on different cellular compartments. A single cell suspen-
sion was obtained from freshly resected primary breast
tumors after tissue digestion (Fig. 5). Virtually no IL-7-Ra
and TSLP receptor co-expressing cells were detected within
the CD45C compartment, similar to the CD45CLineage¡

compartment (Fig. 5A). To exclude the possibility that a very
low percentage of rare dendritic cells could express the recep-
tor, we also gated on CD45CLineage¡CD11cCHLA-DRC den-
dritic cells (Fig. 5B quadrant 6) and quantified the expression
of the TSLP receptor heterodimer in six independent tumors
(Fig. 5C). TSLP-R and IL-7-Ra double positive dendritic cells
ranged from 0 to 0.03%, which we can consider not signifi-
cant, and close to background (Fig. 5B). Similar levels were
found on dendritic cells from juxta-tumor non-involved sam-
ples (Fig. 5C). Comparing digested and non-digested DC
showed that the tumor sample digestion protocol did not
affect the detection of the two TSLP-R chains (Fig. 5D). We
conclude that even if few tumors may show low TSLP positiv-
ity, the absence of TSLP receptor-expressing cells in the breast
tumor microenvironment excludes the possibility of down-
stream TSLP functionality.

Discussion

In the present study, we systematically assessed the presence of
TSLP at the mRNA and protein levels, in several human breast
cancer cell lines, large-scale public transcriptomics data sets
and human primary breast tumors. We found that TSLP pro-
duction was marginal, and concerned less than 10% of the
tumors, with very low mRNA and protein levels. In most cases,
TSLP was undetectable and found to be expressed at lower lev-
els in breast cancer as compared to normal breast tissue. Last,
we could not detect any functional TSLPR expression neither
on haematopoietic cells nor on stromal cells within the primary
tumor microenvironment. We conclude that TSLP-TSLPR
pathway activity is not significantly detected within human
breast cancer. Those results are in contrast with previous stud-
ies reporting TSLP expression in breast cancer.12,13

Expression of immune modulating cytokines in the tumor
microenvironment is most of the time interpreted as being
associated to the tumoral process, and being part of pro- or
antitumor immune mechanisms. This view only stands if the
normal tissue counterpart is devoid of expression of that spe-
cific cytokine, or harbors a much lower expression, implying
that the cytokine expression is a specific feature of the tumor.
In our results, we analyzed normal breast TSLP mRNA expres-
sion from public databases, and found that TSLP levels were
higher than in breast tumors. This is in accordance with recent

Figure 3. TSLP mRNA expression is higher in juxta-tumor tissue than breast cancer tissue. (A) TSLP transcripts were measured by quantitative PCR (TaqMan) in 19 breast
cancer tissues (black bars) and 19 corresponding juxta-tumor tissues (gray bars). White bars represent TSLP levels detected in MRC5 and PBMC used as positive and nega-
tive control respectively. (B) Quantification of TSLP mRNA transcripts shown as percentage of housekeeping gene expression. Four housekeeping genes were used for
these experiments: Actin Beta (ACTB), Hypoxanthine Phosphoribosyltransferase 1 (HPRT1), Ribosomal Protein L31 (RPL31) and Beta-2-Microglobulin (B2M). Lines represent
mean C/¡ the Standard Error of the Mean (SEM). Wilcoxon matched pairs test was used to calculate p value. N D 19. (C) Quantification of soluble TSLP measured by
ELISA in the supernatants generated from primary breast tumor tissues and corresponding juxta-tumor samples as described in the Material and Methods section. ELISA
sensitivity detection limit, which is represented by the dashed line, was 31 pg/mL as recommended by the manufacturer instructions. N D 40.
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reports detecting TSLP protein in breast milk24 with a potential
role in the intestinal immunity of the neonates.25 The presence
of TSLP in normal breast suggests that TSLP may contribute to
physiological mechanisms in this context, and is not a feature
developed by breast tumors or related to breast cancer inflam-
mation. This is an important aspect to take into consideration
in the interpretation of TSLP role in cancer.

TSLP assessment in situ in inflamed tissue has provided a very
efficient and unbiased manner to detect TSLP in various dis-
eases.8,9 Using immunohistology, we and others have shown
strong TSLP staining in the keratinocytes of atopic dermatitis and
psoriasis6,10,26 as well as in the tonsillar epithelial cells.6 Con-
versely, normal skin has repeatedly been found as negative for any
TSLP staining.6,10,27 Such TSLP positive and negative tissue types
constitute valuable controls for any study of TSLP expression in
disease. In the present study, we have systematically compared
TSLP analysis in breast cancer to human tonsils, and the TSLP
levels we could detect remained marginal in terms of percentage
of TSLP positive epithelial cells, as well as in the intensity of TSLP
staining. In a previous study about TSLP role in breast cancer,
TSLP expression was analyzed by immunofluorescence and was
found positive on most tumor epithelial cells,13 in discrepancy
with our own results. However, that study lacked a negative con-
trol, and used normal skin as a positive control, when other stud-
ies could not detect any TSLP expression in this context.6,10,27

This raises questions on the interpretation of the results. In

contrast, in our companion paper, we report that TSLP is highly
expressed in head and neck squamous cell carcinoma, at levels
similar to atopic dermatitis. This indicates that although TSLP is
absent from the breast cancer microenvironment, it can be
expressed in other cancer types.

Assessing the protein expression of cytokines in human pri-
mary tumors has many intrinsic difficulties, and multiple comple-
mentary strategies should be considered. Analysis of tumor-
derived supernatants has been used extensively to analyze the sol-
uble tumor microenvironment. It has the potential drawback that
tissue culture manipulation may induce the secretion of factors
that are not being spontaneously secreted. Culture conditions may
also influence the amounts of cytokine production. In this study,
we have used basic serum-containing medium without any activa-
tor in order to avoid as much as possible artificial induction of
cytokine synthesis and secretion. Other studies have used PMA/
ionomycin in order to stimulate immune cells, which may gener-
ate direct and indirect effects promoting cytokine production
within the tumor microenvironment.13 Although such immune
activators may be helpful to analyzed T cell-derived cytokines,28

they may also have effects on non-immune cells, either directly or
through paracrine activating loops. For example PMA/ionomycin
may induce TNF production by T cells,29 which can subsequently
activate TSLP production by neighboring epithelial cells.22 Hence,
tumor-conditioned media obtained in the presence of any type of
activating signal should be interpreted with caution.

Figure 4. Breast cancer tissues do not express TSLP. (A) Tonsil sections were used as positive control tissue to validate TSLP staining by immunohistochemistry. TSLP and
matched isotype staining was performed in two consecutive tonsil sections. Arrows indicate positive staining. (B) Isotype, TSLP and H&S staining in three consecutive
slides of four representative breast cancer specimens. Arrows indicate positive staining. All tissue sections are shown at 20x and 40x magnification. (C) Percentages of
TSLP staining in epithelial cells. Each symbol represents a different sample.
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Signaling pathway activity requires expression of all its com-
ponents: ligand, receptor and downstream signaling molecules.
In the case of TSLP, a functional pathway would require the
presence not only of TSLP but also of TSLP receptor hetero-
dimer (TSLP-R/IL7Ra). However, in previous studies suggest-
ing a TSLP role in human cancer, TSLP receptor heterodimer
expression in the tumor microenvironment was not
assessed11,13 raising the possibility that this pathway is not
functional despite the presence of TSLP itself. Along this line,
we show in our companion paper that although head and neck
tumors express high levels of TSLP, TSLP-R-expressing cells
are absent from the tumor microenvironment. These observa-
tions highlight that such a dissociated ligand-receptor expres-
sion can result in an inactive TSLP pathway. Here, we report
for the first time that TSLP-R is not present in the microenvi-
ronment of human breast primary tumors. This suggests that
even if low levels of TSLP are present (below the detection
threshold, or at low levels in rare cases), TSLP pathway is
unlikely to be active as its signaling is disrupted by the absence
of TSLP receptor.

Th2 cytokines were reported to contribute to tumorigenesis
in several mouse models.30-32 Human breast cancer has also
been associated to a Th2 response, which was shown to be pro-
moted by TSLP.13 However, in that study, a large proportion of
tumors (61%) were negative for TSLP expression. In our study,
TSLP could not be detected in the vast majority of breast

tumors and its receptor was also absent. Those observations
raise the question of parallel or alternative pathways to induce
Th2 response. We have recently shown that GM-CSF produced
by tumor epithelial cells activates pDC to promote a regulatory
Th2 response in human primary breast tumors.5 Concomitant
increase of GM-CSF and pDC was found in 11.8% of breast
tumors studied (14 out of 118), and associated to more aggres-
sive breast cancer subtypes. In addition, CCL5 was also
reported to promote Th2 polarization in breast cancer. Indeed
CCL5 depletion in MMTV-PyMT mouse model leads to a defi-
cit in Th2 cell associated with reduced tumor burden and
metastasis.33 Furthermore, CCL5 and IL-4 expression were cor-
related and associated with aggressiveness of human luminal
breast cancer.33 Further studies will be needed to evaluate the
relative role of these pathways within the breast cancer micro-
environment and their corresponding roles in supporting Th2
cells.

Our work has potential implications for therapy and drug
development. Indeed, it does not support TSLP as a relevant target
in breast cancer as we do not detect any evidence of TSLP-TSLPR
pathway activity in this clinical setting. Although it is almost
impossible to completely rule out a biological pathway implication
in disease, our negative results should encourage further work to
assess TSLP pathway activity in different types of cancer, as well
as the relative contribution of Th2-promoting factors in individual
tumor samples.

Figure 5. TSLP receptor is not detected in primary breast cancer by flow cytometry. (A–B) Flow cytometry dot plots from one representative human primary breast tumor.
(A) Gating strategy used to investigate the expression of TSLP-R and IL-7-Ra in viable CD45CLin¡ (Q1), CD45CLinC (Q2) and CD45¡Lin¡ (Q4). (B) Gating strategy designed
to detect DC in primary breast cancer. DC were defined as DAPI¡CD45CLin¡HLA-DRhighCD11chigh. The expression of TSLP-R and IL-7-Ra was assessed in DC (Q6) as well as
HLA-DRhighCD11c¡ (Q5) and HLA-DR¡CD11c¡ (Q8). (C) Percentages of TSLP-RCIL-7-RaC DC in tumors, corresponding juxta-tumor tissues and in the dermis of normal skin.
Lines represent mean C/¡ the Standard Error of the Mean (SEM). N D 6 (D) TSLP-R and IL-7-R expression in DC enriched from PBMC without digestion step (gray histo-
gram, Undig) and after mechanical and enzymatic digestion (dark gray histogram, Dig), left panels. One representative background histogram staining is shown in light
gray. Quantification of TSLP-RCIL-7-RaCDC in undigested and digested enriched DC is shown in the left panel. N D 3.
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Material and methods

Human samples and patients’ characteristics

Tumor and juxta-tumor (adjacent to the tumor and exempt of
malignant tumor cells) tissues were collected during standard
surgical procedures as surgical residues from untreated breast
cancer patients, from the department of Pathology (Institut
Curie, Paris). Patients signed an informed consent after
approval of the study. This study was approved by the Internal
Review Board and Clinical Research Committee of the Institut
Curie. Patient characteristics are summarized in Table 1.

Tonsils sections were obtained after surgical resection from
children undergoing tonsillar resection (Necker Hospital, Paris)
after informed consent of the parents. Tissues were transported
in CO2-independant medium (Gibco) and processed within
the next 3 h after resection.

Healthy donor human blood buffy coats were obtained from
“Etablissement Français du Sang,” Paris, Saint-Antoine Crozat-
ier blood bank through an approved convention with the Insti-
tut Curie.

Normal skin samples considered as surgical wastes were
obtained from healthy donors undertaking esthetic or recon-
structive surgery and processed within 6 h of resection. This
discarded human surgical material was obtained anonymously
according to the institutional regulations, in compliance with
French legislation.

Cell line culture

All cell lines were cultured without stimulation at the density of
0.5 £106 cells/mL in complete RPMI GlutaMAX (Gibco) con-
taining 10% FBS (HyClone) for 48 h. Cells were then washed
with PBS, detached with trypsin (Gibco), pelleted and lysed in

RLT buffer (Qiagen) to allow RNA extraction. All cell lines
were mycoplasma-free.

Large-scale public database mining

The gene level expression of TSLP, IL8 and SDF1 have been ana-
lyzed using the Breast Cancer Cell Lines Encyclopedia. Data were
downloaded from the CCLE website (http://www.broadinstitute.
org/ccle)20 and normalized with RMA. This data set was com-
posed of 1036 cell lines from 24 tissues. Patient data were retrieve
from a sample of 591 breast cancer patients from TCGA (Level
3).34 Breast cancer subtypes were defined using a bimodal mixture
of 2 gaussian distributions for ER, PR and HER2 gene expression.
TN breast cancer samples were defined by the absence of estrogen
and progesterone receptor expression and a lack of HER2 overex-
pression/amplification. In CCLE dataset, breast cancer cell lines
were composed of 31 TN, 12 ERCHer2¡ and 15 Her2C. Breast
tumors from TCGA data set were composed of 26 ERCHer2¡,
410 Her2C, 94 TN and 61 Normal.

Primary tumor processing for RNA extraction

Tumor and juxta-tumor tissues were cryopreserved in Tissue-
Tek (Sakura Finetek USA, Inc., Torrance, Calif) at ¡80�C. Tis-
sues were cryosectioned with a Cryostat. Ten sections of 20 mm
thickness were collected for every tissue sample. Tissues were
lysed in RLT buffer (Qiagen) supplemented with b-mercaptoe-
thanol (Sigma) immediately after cutting. RNA was extracted
using RNAeasy mini kit (Qiagen) following manufacturer
instructions and processed as described above.

Quantitative PCR

RNA was extracted from cell line and tumor section lysates using
RNeasy micro and RNeasy mini kit (Qiagen) respectively follow-
ing manufacturer instructions including on-column DNase diges-
tion. RNA concentration and absence of protein contamination
were determined using the NanoDrop instrument. All RNA sam-
ples had 260 nm/280 nm absorbance ratios between 1.9 and 2.1,
indicating high purity. RNA quality was assessed using RNA 6000
Nano chips on the Agilent 2100 Bioanalyzer. Only samples with
RIN>7 were further processed for reverse transcription. cDNA
was synthesized with a mix containing random hexamers (Prom-
ega), oligo(dT)15 (Promega) and SuperScript II reverse transcrip-
tase (Invitrogen). TSLP mRNA transcripts, as well as ACTB
(Actin b), B2M (Beta-2 Microglobulin), HPRT (hypoxanthine
phosphoribosyltransferase 1) and RPL34 (ribosomal protein L34),
which were used as housekeeping genes were quantified by real-
time quantitative reverse transcription PCR on Light Cycler 480
(Roche) with Applied Biosystems predesigned TaqMan Gene
Expression Assays and Absolute qPCR ROXmix (Thermo Fisher
Scientific).

Primary breast tumor and juxta-tumor digestion for flow
cytometry analysis and generation of tissue-conditioned
supernatants

Breast tumor and juxta-tumor tissues were cut in three pieces.
One piece was frozen in Tissue-Tek (Sakura Finetek USA, Inc.,

Table 1. Clinical information of patients included in the study.

N %

Demography
Female 44 100
Age
<40 3 6.8
41–55 17 38.6
>56 24 54.5

Extension
Size
< 20 18 40.1
21–40 24 54.5
> 41 2 4.5

Lymph nodes involvement
LNC 14 31.8
LN¡ 28 63.6
Unknown 2 4.5

Histological subtype
Invasive ductal 28 63.6
Invasive lobular 12 27.3
Mixed ductal/lobular 4 9.1

Elston Ellis (Ee) grade
I 6 13.6
II 18 40.9
III 20 45.5

Molecular subgroup
Triple negative (TN) 8 18.2
HER2C 0 0
Luminal B (LB) 3 6.8
Luminal A (LA) 33 75
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Torrance, Calif) for further histological analysis. The second
piece was carefully minced into smaller pieces in CO2 indepen-
dent medium (Gibco) containing 5% FBS (HyClone). Those
pieces were digested with collagenase (1 mg/mL; Roche) and
DNAse (25 mg/mL; Roche) in a total volume of 3 mL CO2 inde-
pendent medium (Gibco) for 1 h at 37�C under agitation at
180 rpm. Cell suspension was then filtered through a 40 mm
nylon cell strainer (Falcon BD) and washed twice in cold PBS
containing 5% of human serum (Biowest) and EDTA 2 mM
(Gibco). Skin digestion was performed as described in ref.10.
Cells were stained with the following mouse anti-human anti-
bodies and corresponding matched isotype controls: CD3-
FITC, CD16-FITC, CD45-APC-Cy7, CD11c-PE-Cy5 (BD Bio-
sciences), CD14-FITC, CD20-FITC (Miltenyi Biotec), HLADR-
Alexa700, TSLPR-APC (Biolegend), IL-7Ra-PE, (eBiosciences).
Dead cells were excluded based on side and forward scatter
characteristics and positivity for 4,6-diamidino-2-phenylindole
(DAPI) (Invitrogen). Sample acquisition was performed on a
LSRII flow cytometer (Becton Dickinson) and data analysis was
performed using FlowJo software version 9.4.7. The third piece
of tissue was cut in smaller pieces of 40 mg. Each piece of tissue
was put in one well of a 48 well plate in 250 ml of complete
RPMI GlutaMAX (Gibco) containing 10% FBS (HyClone)
without any stimulation. Supernatants were harvested after
24 h of culture and tissues were discarded. Supernatants were
spun for 5 min at maximum speed to remove dead cells and
debris and stored at ¡80�C for further ELISA measurements.

Soluble TSLP quantification

Soluble TSLP was quantified using the DuoSet Kit from R&D
following manufacturer instructions. Detection limit was set at
31.25 pg/mL as recommended.

Immunohistochemistry

Tissues were embedded in Tissu-Tek (Sakura Finetek USA,
Inc., Torrance, Calif) and cryopreserved at ¡80�C. Acetone-
fixed cryosections of 4 mm thickness were stained with mono-
clonal rat anti-human TSLP 5 mg/mL (kind gift from Pr.
Yong-Jun Liu), and corresponding matched isotype control
antibody (BD Pharmigen), followed by a biotinylated goat
anti-rat secondary antibody (Vector Laboratories). The stain-
ing was revealed using a Vectastain ABC peroxidase system
(Vector Laboratories) and it was detected using 3-3Œ-dia-
mino-benzidine-tetrahydrochloride (DAB) revelation (Vector
Laboratories). The sections were counterstained with haema-
toxylin and mounted with Perthex mounting media (Histo-
lab). Tonsil sections were treated using the same procedure
and they served as positive control for TSLP staining. The
staining was performed using the Autostainer 480 (Labvision).
Tissue images were taken on the Philips Digital Pathology
Ultra-Fast Scanner.

DC enrichment from human blood

Peripheral blood mononuclear cells (PBMC) were isolated
using Ficoll-gradient (GE Healthcare). DC were enriched using

the EasySep TM human Pan-DC Pre-Enrichment kit (Stem Cell
Technologies) following manufacturer instructions.

Statistical analysis

Unpaired t tests were used to determine statistical significance.
Statistical significance was retained for p values lower than
0.05. Symbols used: NS, not significant.
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