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’ INTRODUCTION

Breast cancer is the most common form of cancer in women.
In the United States alone, 192 600 cases (27% of all cancer
cases) were estimated in 2009.1 Ongoing efforts in breast cancer
research have led to earlier diagnosis and better targeted thera-
pies which resulted in significantly lower mortality rates as well as
improved quality of life for patients. However, breast cancer still
remains the second leading cause of cancer-related deaths in
women (15% of all cancer deaths in the United States in 20091).
There is, therefore, an ongoing need for accelerated development
of more effective diagnostic and therapeutic strategies.

In recent years, much evidence has confirmed that the tumor
microenvironment plays an important role in both disease prog-
ression and response to therapy.2�7 Tumors are not exclusively
composed of cancer cells; they are complex tissues in which
cancer cells have recruited the surrounding nonmalignant cells
(i.e., endothelial cells, immune cells and fibroblasts) to actively

collaborate in their neoplastic activity.3 It is therefore important
to gain further understanding of the tumor microenvironment
and its interplay with the neoplastic cells during disease progres-
sion so that improved therapeutic strategies can be developed to
successfully control and ultimately cure cancer.

The 18 kDa translocator protein TSPO, also known as the
peripheral benzodiazepine receptor (PBR), has been reported to
be overexpressed in a number of cancer cell lines including breast,
colorectal, prostate, ovarian, glioma, and hepatocarcinoma and
has shown its involvement in the modulation of cell proliferation
and tumorigenesis.8 A previous publication has investigated the
expression of TSPO in a panel of 9 breast cancer cell lines and has
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ABSTRACT: Tumor-associated inflammation has been linked to
angiogenesis, metastasis and poor prognosis. The 18 kDa translocator
protein (TSPO), also known as the peripheral benzodiazepine recep-
tor (PBR), is expressed in activated immune cells such as macro-
phages, but also in a number of cancer cell lines such as those of breast
cancer. There is an increasing clinical interest in TSPO expression as it
has been proposed as a poor prognostic factor for survival in lymph-
node negative breast cancer patients. This study aims to assess of the
presence of neoplastic cell-associated TSPO and tumor macrophage-
associated TSPO in mouse xenografts generated from the MDA-MB-
231 and the MCF-7 breast cancer cell lines, as well as 25 different
breast tumors originally derived from patient-tissue but propagated in
mice using two antibodies, each specific to either the human or the
murine form of TSPO. Autoradiography with the TSPO ligand
[18F]DPA-714 and immunohistochemistry were also performed on
the excised tumor tissues from the MDA-MB-231, MCF-7 and one of
the patient-derived xenografts (HBCx-12B). High TSPO expression
(either cancer or stromal cell-associated, or both) was measured in 20/25 (80%) of the patient-derived breast cancer xenografts.
[18F]DPA-714 showed displaceable binding to both the human andmurine TSPO on tumor tissue sections. Immunohistochemistry
demonstrated that a significant portion of the tumor stromal TSPO expression colocalized with F4/80 positive macrophages cells.
This study constitutes a first report of the tumor TSPO expression bymixed cell populations, and it may have important implications
for cancer biology as well as for the development of imaging and therapeutic ligands targeted to TSPO.

KEYWORDS: 18 kDa translocator protein (TSPO), peripheral benzodiazepine receptor (PBR), breast cancer, tumor-associated
macrophages (TAM), DPA-714, positron emission tomography (PET)
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found that increased TSPO expression correlated with increased
aggressive cancer cell phenotype.9 Clinically, TSPO expression
has been reported to be a potential poor prognostic factor for
survival in lymph-node negative breast cancer patients.10

On the other hand, high expression of TSPO has been repor-
ted in immune cells such as macrophages and monocytes,11�13

and TSPO is already a well-characterized marker of neuro-
inflammation.13�15 Tumor-associated inflammation has been
linked to angiogenesis, metastatic potential2,7,16�19 and ulti-
mately poor prognosis in patients.20 Specifically, Lin et al.18

demonstrated, in a transgenic mouse model of breast cancer
(Polyoma Middle T oncoprotein, PyMT-induced mammary
tumors), that tumor-associated macrophages (TAMs) are ac-
tively involved in triggering the angiogenic switch which is
essential for tumor progression.21 In addition, TAMs also play
a role in the maintenance and remodeling of the established
vessels network in malignant tumors.22 More recently, DeNardo
et al. reported on the ability of CD4þ T cells to regulate
pulmonary metastasis through enhancement of protumor prop-
erties of macrophages in the same mouse mammary tumor virus
(MMTV)-PyMT mouse model of mammary carcinoma.17 A
clinical study also correlated elevated levels of biomarkers for
inflammation, such as the serum amyloid A (SAA) and the
C-reactive protein (CRP), to reduced survival in breast cancer
patients.20 Recent evidence suggests that there is even a possi-
bility that metastatic cancers can arise from cells of the myeloid/
macrophage lineage independent of their primary tissue origin.23

To date, no study has yet employed cell line derived preclinical
tumor models to validate the in vitro results nor assessed the
TSPO expression in patient tumor derived xenograft models. It is
important that this validation in preclinical models is performed
before any conclusions from cell line based investigations are
used to support clinical data. Furthermore, no investigation has
searched for expression of TSPO in cell populations that make up
the tumor stroma (i.e., in the tumor-associated macrophage
cells), nor quantified its relative contribution to the total TSPO
density in a tumor. As a result, there is no knowledge on the
potential role of macrophage-associated TSPO in the progres-
sion andmetastasis of breast cancers. Improved understanding of
the expression of TSPO in different cell types in in vivomodels of
disease will also further enable more effective employment of
anti-TSPO ligands as therapeutic vectors24 or as targeting
moieties for drug delivery systems.25�31 A recent study29 has
demonstrated that, in vitro, a synergistic cytotoxic effect against
LN 18 human glioblastoma cells was measured by incorporating
the TSPO ligand CB86 onto the surface of paclitaxel-loaded
polymer micelles. Therefore, in tumors with significant expres-
sion of TSPO on both malignant cancer cells and metastasis-
promoting TAMs, TSPO-targeting drug delivery vehicles would
have the potential to achieve an even greater therapeutic effect.

The aim of this study is to distinguish the presence of neo-
plastic cell-associated TSPO from that of tumor macrophage-
associated TSPO in mouse xenografts of human breast cancer
derived from two cell lines (MDA-MB-231 which has been
reported to have high TSPO expression and MCF-7 which has
been reported to have extremely low TSPO expression) and
from 25 patient tumor tissues.32 The successful differentiation of
the cancer and stromal cell-associated TSPO will allow for multi-
parametric and potentially improved prognostic analysis, as well
as lead to the development of more specific imaging and thera-
peutic vectors targeted to the TSPO overexpressing cell popula-
tion of choice.

’EXPERIMENTAL SECTION

Radiochemicals and Chemicals. N,N-Diethyl-2-(2-(4-(2-
fluoroethoxy)phenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-
yl)acetamide (DPA-714) was labeled with fluorine-18 (half-life
109.8 min) at its 2-fluoroethyl moiety using a tosyloxy-for-
fluorine nucleophilic aliphatic substitution according to slight
modifications of procedures already reported.33 This simple one-
step process has been automated on our Zymate-XP robotic
system34 and then implemented on a commercially available GE
TRACERLab FX-FN synthesizer. The process involves (A) reac-
tion of K[18F]F-Kryptofix222 with the tosyloxy precursor (4.5�
5.0 mg, 8.2�9.1 μmol) at 165 �C for 5 min in DMSO (0.6 mL)
followed by (B) C-18 PrepSep cartridge prepurification and
finally (C) semipreparative HPLC purification on a Waters
X-Terra RP18. Final formulation of [18F]DPA-714 as an iv
injectable solution (physiological saline containing less than
10% of ethanol) was performed using a homemade SepPakPlus
C18 device. Typically, 5.6�7.4 GBq of [18F]DPA-714 (>95%
chemically and radiochemically pure) was routinely obtained
with specific radioactivities ranging from 37 to 111 GBq/mmol
within 85�90 min (HPLC purification and SepPak-based for-
mulation included), starting from a 37 GBq [18F]fluoride batch
(overall non-decay-corrected and isolated radiochemical yield:
15 to 20%). Stock solutions of PK11195 or DPA-714 to be used
in autoradiography were prepared by dissolving 2 to 3 mg of
(R,S)-PK 11195 (respectively DPA-714) in 200 μL of DMSO (at
room temperature) and were used within one hour.
Animal Models. All experiments were performed under an

animal use and care protocol approved by the animal ethics
committee, and they were conducted in accordance with the
European Union regulations on animal research. MDA-MB-231
and MCF-7 human breast cancer cell lines were purchased from
ATCC-LGC Standards and maintained in culture using the
Dulbecco’s modified Eagle's medium (DMEM, purchased from
Sigma-Aldrich) containing 10% fetal bovine serum (FBS) and 1%
antibiotics. Once the cells reached >90% confluency, 5� 106 cells
were subcutaneously injected (in 1:1 volume ratio of DMEM with
FBS and antibiotic supplement andMatrigel (BDBiosciences) into
the flanks of female nude NMRI mice (purchased from Elevage
Janvier, France). The mice inoculated with MCF-7 cells were
implanted with a 17β-estradiol pellet (0.72 mg/pellet, 60-day
release, purchased from Innovative Research of America,
Sarasota, FL, USA) under their dorsal skin 24 h before. A third
group of mice were surgically implanted with a small piece of a
freshly resected HBCx-12B tumor obtained from a donor mouse
bearing a patient-derived tumor (kindly provided by Institut
Curie, Paris, France). A detailed description of the origin and
tumor characteristics of HBCx-12B, as well as the other 24
patient-derived xenograft samples, was previously reported by
Marangoni et al.32 The PyMT model used as the murine control
for TSPO expression in the Western blot studies was established
on female FVB/NRj mice (purchased from Elevage Janvier,
France) by subcutaneously implanting a small piece of a freshly
resected MMTV-PyMT tumor from the mammary gland of the
transgenic mouse.
Western Blot. Proteins were extracted from MDA-MB-231

and MCF-7 cultured cell suspensions, as well as from MDA-
MB-231, MCF-7, HBCx-12B and the 24 patient-derived mouse
xenograft tumors that were frozen immediately following re-
moval in liquid nitrogen. Specifically, the cultured cell suspen-
sions were first washed three times with cold phosphate buffer
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saline (PBS, purchased from Sigma-Aldrich) in order to remove
any culture medium-associated proteins. The cells were then
pushed through a 29 gauge insulin syringe to further disrupt their
plasma membrane and expose the intracellular proteins. 500 μL
of a modified RIPA cell lysis buffer was then added to cell sus-
pensions obtained from a 75 cm2 flask. For the tumor tissue
samples, 5 mL of the same modified RIPA buffer (containing 1%
of the protease inhibitor cocktails P8340 purchased from Sigma-
Aldrich) was added for every gram of tissue. A tissue grinder
was then used for manual disruption of tumor tissue. Once the
culture cell suspensions and the ground tumor tissues were suffi-
ciently disrupted, they were centrifuged at 4000g for 5 min. The
resulting supernatant solutions were further centrifuged at
20000g for 20 min in order to fully discard any remaining cell
debris. Ten micrograms of proteins from each sample diluted in
Laemmli buffer was then heated to 92 �C for 3 to 5 min to allow
for sufficient denaturing. They were then loaded onto the wells of
a 15% acrylamide gel for proper separation of proteins according
molecular weight. Following migration, the proteins were then
transferred from the acrylamide gel onto an Amersham Hybond
ECL nitrocellulose membrane (GE Healthcare Life Sciences).
Each membrane was immersed in appropriate blocking buffer
solution (PBS with 0.2% TWEEN 20 with 3% of BSA or 3% of
milk) for two hours at room temperature. Incubation with the
primary antibodies diluted in PBSwith 0.2%TWEEN20with 3%
of BSA for anti-TSPO antibodies and 3% of milk for the anti
R-tubulin antibody, respectively (1/20000 dilution of the anti
R-tubulin antibody purchased from Sigma-Aldrich; 1/5000 of
the anti-human TSPO antibody Mab 8D735,36 generously pro-
vided by Dr. E. Bribes of Sanofi-Aventis, France; and 1/10000
dilution of the anti-murine TSPO antibody NP15537 generously
provided by Dr. M. Higuchi, NIRS, Japan), was performed at
room temperature for two hours. Following three 10 min wash
sessions (under mechanical agitation) with PBS with 0.2%
TWEEN 20, the membranes were then incubated with the
appropriate secondary antibodies diluted in PBS with 0.2%
TWEEN 20 with 1% of BSA or 1% of milk for one hour at room
temperature. After three 10 min wash sessions, the membranes
were then developed using an Amersham ECLWestern Blotting
System (GE Healthcare Life Sciences) onto films. For every set
of proteins incubated with the anti-human-TSPO antibody, an
aliquot of protein extracted from a reference sample of MDA-
MB-231 cells was used as a positive control and a MCF-7 cell
sample was used as a negative control. All of the human TSPO
expression was normalized to that of MDA-MB-231 cells. Con-
versely, for every set of proteins incubated with the anti-mouse-
TSPO antibody, an aliquot of protein extracted a reference sample
of PyMTmouse tumor tissue was used as a positive control as well
as a normalization factor during analysis. Furthermore, the TSPO
content of each protein sample was also normalized by the
R-tubulin amount measured in the same sample.
Autoradiography and Competitive Binding Assay. Tu-

mors were excised from mice and fixed in 4% paraformaldehyde
(PFA) for 24 h, and then they were treated with 15% sucrose in
PBS for 24 h and finally frozen in isopentane in the presence of
liquid nitrogen and then kept at �80 �C. The 10 μm thick
crysections were then immersed in Tris Buffer (50mMTRIZMA
preset crystals purchased from Sigma-Aldrich) adjusted to pH
7.4 with NaCl containing 74 MBq of [18F]DPA-714 either alone
or in the presence of 20 μMunlabeled DPA-714 or PK 11195, for
20 min at room temperature. The unbound excess ligands were
removed by two 2 min wash cycles in cold buffer and then a final

rinse in cold deionized water. The slides were then quickly dried
and exposed to a Kodak Biomax film (purchased from Sigma-
Aldrich) overnight.
Immunohistochemistry. The tumor slides were prepared

from excised tissues using the same protocol as for autoradio-
graphy and then stored at �80 �C. The immunohistochemistry
staining protocol has been previously reported by Martin et al.38

Briefly, the tissue slides were first fixed in 4% PFA for 15 min and
then rinsed with PBS. PBS containing NH4Cl (50 mM in
aqueous form) was used to block the PFA for 5 min. After
rinsing with PBS, a mixture composed of methanol and acetone
(1:1, v:v) was added to the slides for 5 min in order to permea-
bilize the tissues, and then the slides were left for 5 min in a
solution of 0.1% Triton diluted in PBS, and then underwent
another PBS wash. The slides were then incubated for 15min in a
blocking solution made up of 5% BSA diluted in PBS containing
0.5% TWEEN 20. The incubation with the primary antibodies
(1 μg/mL of the anti-mouse TSPO NP155, 1 μg/mL of the
F4/80 pan-macrophage purchased from Abcam, or 1 μg/mL of a
rat anti-mouse CD3 antibody purchased from AbD Serotec)
occurred at room temperature for 1 h. The excess antibody was
removed by three consecutive wash cycles with PBS. Then the
appropriate secondary antibodies coupled with fluorophores
(goat anti-rat IgG with Alexa Fluor 594 nm for F4/80 or CD3
and goat anti-rabbit IgG with Alexa Fluor 488 nm for the murine
anti-TSPO antibodyNP155) were added to each slide for 30min,
following by another three washes with PBS. On each slide, a
small tissue section was only incubated with the secondary
antibody (without the primary antibody) in order to act as controls.
Finally, the ProLong gold antifade reagent with 40,6-diamidino-
2-phenylindole (DAPI, purchased from Invitrogen) was used
both to stain the cell nuclei and to mount the slide. Fluorescent
microscopy was performed using a Zeiss AxioCam with a
HXP120 module (Carl Zeiss S.A.S.).

Figure 1. Expression levels of human (a) and murine (b) TSPO
measured in proteins extracted from two human cell lines of breast
cancer (MDA-MB-231 andMCF-7), and from the tissue of three human
xenografts of breast cancer (MDA-MB-231, MCF-7 and HBCx-12B)
and the murine PyMT mammary tumor subcutaneously grown in mice.
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’RESULTS

Assessment of TSPO Expression in Breast Cancer Cell
Lines and Tumor Tissues. By employing Western blot with
two highly specific anti-TSPO antibodies (one highly specific to
the human form of TSPO35 and one highly specific to the murine
form of TSPO37), the degree of TSPO expression in the MDA-
MB-231 and MCF-7 human breast cancer cell lines was com-
pared, and the results confirmed that TSPO is upregulated in the
former but not in the latter (Figure 1a), in accordance with
previously reported results.9 Western blot analysis using the

anti-murine TSPO, however, reveals that there is significant
expression of TSPO by the tumor stroma cells of murine origin.
In particular, the TSPO-negative MCF-7 tumor had a more
elevated murine TSPO expression than the TSPO-positive
MDA-MB-231 tumor (Figure 1b). The human and murine
TSPO expressions were also measured in the HBCx-12B tumor
(Figure 2), in addition to the MDA-MB-231 and MCF-7
tumors, and across a panel of 24 other patient-derived human
breast cancer xenografts (Figure 3). These results indicate that
when tumors of human origin form in immunocompromised
mice, the overall tumor TSPO density is contributed by the

Figure 3. Screening of 24 patient-derived human breast cancer tumors propagated in immunocompromised mice for expression levels of the neoplastic
cell-associated TSPO (gray bars) and the tumor stroma-associated TSPO (red bars). Note that HBCx-3 tumor did not have any detectable amount of
either form of TSPO.

Figure 2. Relative expression levels of the human andmouse TSPO in three human breast cancer xenografts. The normalized human andmouse TSPO
expression is the ratio between the human TSPO level measured in each xenograft and that measured from a sample ofMDA-MB-231 cultured cells, and
the ratio between the mouse TSPO level measured in each xenograft and that measured from a sample of murine PyMT tumor, respectively.
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TSPO expression by the human cancer cells as well as by the
mouse host cells (i.e., macrophages). It is important to note in
Figure 3 that there is a wide range of expression levels of both
the cancer cell-associated TSPO and the tumor host cell-
associated TSPO across the panel of patient-derived human
breast cancer tumors propagated in mice. The expression levels
of the human and mouse TSPO did not yield a clear correlation
(Appendix, Figure A1).
Marangoni et al.32 have previously reported some clinical and

biological characteristics of 14 of these 24 tumor types. The
TSPO levels measured in this study did not directly correlate to
the growth rate, metastatic potential or drug responsiveness of
these tumors reported byMarangoni et al.32 (Appendix, Figure A2).
Identification of the Tumor Stroma Cell Type with Expres-

sion of TSPO. Immunohistochemical staining of tissue slides
obtained from the three different tumor types (MDA-MB-231,
MCF-7 andHBCx-12B) was performed with the F4/80 antibody
for recognition of the murine macrophages and with the NP155
antibody targeted to murine TSPO. Figure 4 illustrates with
representative images obtained from the tissue slides of the three
tumor types that, qualitatively, for all three tumor models, the
majority of the F4/80 positive cells were also positively stained
by the NP155 mouse TSPO antibody. However, there is no
physical overlap of the two fluorescent signals because the F4/80
antigen is expressed on the macrophage cell surface, while the
TSPO protein is mainly expressed intracellularly, on the mito-
chondrial membrane.39,40 Qualitatively, the HBCx-12B tumor
(Figure 4) has the lowest macrophage density and murine TSPO
expression, the MDA-MB-231 tumor has intermediate macro-
phage density and murine TSPO expression, and the MCF-7
tumor has the highest macrophage density (infiltrated through-
out the tumor tissue) and murine TSPO, all in accordance with
the Western blot results (Figure 2). However, it can be noted, in
all three cases, that there is some expression of the murine TSPO

in cells that are not F4/80 positive. Previous studies have reported
that other inflammatory cells such as T cells,41 monocytes42,43 and
neutrophils42,44 can also express TSPO. For example, in a repre-
sentativeMCF-7 tumor tissue section (Appendix, Figure A3), some
TSPO expression (green) can be seen in T-cells that are positively
stained for CD3 (red).
[18F]DPA-714 Binding to Human and Murine TPSO. To

further support the claim that TSPO expressed by mouse host
cells plays a significant role in the overall tumor TSPO density,
ex vivo autoradiography was conducted using the radioligand
[18F]DPA-714 on cryosections of tumor and normal tissues
collected from tumor-bearing mice, in both the absence and
presence of excess non-radiolabeled TSPO ligands DPA-714 and
PK 11195. Figure 5 illustrates that, in all tissues, the binding of

Figure 4. Immunochemical staining of cryopreserved tumor tissue sections obtained from mice bearing the HBCx-12b (left column), MDA-MB-231
(middle column) and MCF-7 (right column) human xenografts. The nuclear stain DAPI is shown in blue, the mouse TSPO in green and the pan-
macrophage marker F4/80 in red.

Figure 5. Autoradiography of tumor and healthy tissue cryosections.
The left column illustrates the tissue binding characteristics of the TSPO
radioligand [18F]DPA-714, while the middle and the right columns
show the complete binding inhibition of the radioligand in the presence
of 2000-fold excess of non-radiolabeled TSPO ligands DPA-714 and PK
11195, respectively.
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[18F]DPA-714 is specific, because when coincubated with a
2000-fold excess of nonlabeled ligands, no significant radioactive
signal (above background) is detected after washing. This implies
that the majority of the TSPO binding sites were occupied by the
competing non-radiolabeled compounds DPA-714 and PK
11195. Partial binding inhibition of the radioligand was achieved
with the incubation of a 100-fold excess of the non-radiolabeled
TSPO ligand DPA-714 (Appendix, Figure A4). From Figure 5, it
is reasonable to conclude that the four tumor tissues (murine
tumor PyMT and human xenografts MDA-MB-231, MCF-7
and HBCx-12B) have substantially higher [18F]DPA-714 bind-
ing than healthy muscle, which was used as the negative control,
because it is known to have no TSPO expression. It is important
to note that theMCF-7 tumor, although it has very little inherent
expression of TSPO by theMCF-7 cancer cells (Figures 1 and 2),
yields a very strong signal when incubated with the TSPO ligand
[18F]DPA-714, due to the presence of stromal cell-associated
TSPO (Figures 2, 4 and A3). In the spleen and lung tissue
sections, it can be observed that the [18F]DPA-714 binding is
nonhomogeneous; the morphology of the spatial localization of
[18F]DPA-714 in these two organs may suggest that the ligands
are actually bound to targets found within the circulating blood-
stream, as the [18F]DPA-714 distribution looks to be confined
within blood vessel-like structures. Finally, the liver was the
positive control, as it has been previously shown to highly accu-
mulate TSPO ligands in vivo.45,46

’DISCUSSION

The role of TSPO has been much investigated in the central
nervous system (CNS)25,47,48 and a number of positron emission
tomography (PET) tracers49 (i.e., [11C]PK 11195, [11C]DAA1106
and [11C]PBR28) have been successfully developed to char-
acterize this receptor in patients with a range of diseases
(i.e., Alzheimer’s, multiple sclerosis and ischemic stroke). The
potential of employing TSPO ligands as neuroimaging bio-
makers is still under evaluation. More recently, there has been
growing interest in assessing different TSPO ligands for ther-
apeutic applications.50�55

In the periphery, the potential use of TSPO ligands for both
imaging and therapy is gaining increasing attention. To date,
researchers have explored the role of TSPO in atherosclerosis,11,56,57

arthritis12,58,59 and cancer.8,60,61 In atherosclerosis and arthritis,
TSPO ligands have been employed to monitor the activity of the
immune system, such as macrophage burden.56 In cancer, how-
ever, there are multiple cell types (i.e., breast, colorectal, prostate,
ovarian, glioma and hepatocarcinoma) that have been found to
overexpress TSPO.8,62 In breast cancer, much of the work thus
far has been concentrated in identifying which cancer cell types
overexpress TSPO9,63�69 and whether this overexpression could
be used to correlate with disease burden and clinical outcome.10

This work demonstrates, for the first time, that the overall TSPO
expression in a tumor, which has the potential to be used as
prognostic factor for predicting clinical outcome,10,62,70 is con-
tributed by both its neoplastic and stromal components. As a
result, it has implications on how the TSPO expression level in a
tumor should be evaluated both histologically and using imaging
and therapeutic ligands. It is interesting to note that although
studies in breast cell lines have demonstrated that TSPO over-
expression can be correlated to aggressive phenotype,9 the clinical
study reported by Galiegue et al.10 found that TSPO expression
did not affect disease-free survival in the whole population but it

positively correlated with a shorter disease-free survival in the
lymph node negative patients. In light of the findings reported
here, independent characterization of the neoplastic cell-asso-
ciated TSPO expression and the inflammatory cell-associated
TSPO expression would perhaps lead to a more pronounced
clinical significance. For example, the degree of inflammation in
breast cancer has been reported to correlate to angiogenesis,
metastatic potential17,22 and poor prognosis in patients.20 The
overexpression of TSPO in both the neoplastic and the stromal
components of a tumor could also be a result of mutual interaction
and cross-talk between the cancer cells and their microenviron-
ment, a process that is similar to that of chemokine production (i.e.,
CXCL12).71 Therefore, successful unmixing of the TSPO over-
expression in the different cell populations that make up the tumor
may further enhance the prognostic value of this protein and
potentially provide an additional parameter for biological charac-
terization of cancer signatures.

The preliminary screening of the neoplastic and stromal
TSPO expressions in the panel of 25 patient-derived breast
tumors (including the HBCx-12B) propagated in mice has
confirmed that the majority of these (80%, 20 out of 25) had
either (1) a human (neoplastic) TSPO expression level equal to
or greater than 40% of the receptor density measured in a MDA-
MB-231 tumor, a tumor cell type often used as a reference for
high TSPO expression,9,66�68 or (2) a murine (stromal) TSPO
expression level equal to or greater than 40% of that of a reference
high TSPO expressing murine PyMT tumor. These results are in
accordance with the clinical study reported by Galiegue et al.10 in
which 80% (94 out of 117) of the patient breast tumor tissues
exhibited strong (scores 2 or 3) TSPO immunostaining. This
dominant trend of TSPO expression by breast cancers suggests
that this protein may play an important role in tumor progression
and potentially response to therapy.

The successful employment of an established TSPO ligand
DPA-71433,72 in this investigation for assessment of the overall
tumor tissue TSPO expression demonstrates that existing
TSPO ligands developed for imaging and treatment of CNS
disease can be translated for use in oncology applications in the
periphery. However, in light of this new evidence that different
cell types within the tumor contribute to its overall TSPO
expression level, further research should be directed toward the
development of ex vivo and in vivo assays with the capability to
quantify the relative contributions of the neoplastic and the
stromal components. The ability to discriminate the neoplastic
and stromal TSPO expressions in a tumor has the potential of
providing a powerful toolset for improved diagnosis, staging,
prognosis assessment and treatment follow-up of breast
cancers.

’ABBREVIATIONS USED

TSPO, translocator protein; PBR, peripheral benzodiazepine recep-
tor; DPA-714,N,N-diethyl-2-(2-(4-(2-fluoroethoxy)phenyl)-5,
7-dimethylpyrazolo[1,5-a]pyrimidin-3-yl)acetamide; PyMT,
Polyoma Middle T oncoprotein; TAMs, tumor-associated macro-
phages; MMTV, mouse mammary tumor virus; SAA, serum
amyloid A; DMEM, Dulbecco’s modified Eagle's medium;
FBS, fetal bovine serum; PBS, phosphate buffer saline; PFA,
paraformaldehyde; DAPI, 40,6-diamidino-2-phenylindole;
PET, positron emission tomography; EMIL, European Molecu-
lar Imaging Laboratories; ARC, Association pour la Recherche
sur le Cancer
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’APPENDIX

Figure A2. (a) Neoplastic cell-associated and (b) host murine stroma-associated TSPO expression levels vs xenograft doubling time in days (filled black
squares), % lung metastasis formation (filled red circles), % tumor growth inhibition following treatment with an adriamycin-cyclophosphamide
combination (AC, hollow black squares), and % tumor growth inhibition following treatment with docetaxel (hollow red circles).

Figure A1. Screening of 24 patient-derived human breast cancer tumors propagated in immunocompromised mice did not yield a clear correlation
between the neoplastic (human) cell-associated TSPO and the tumor stroma-associated TSPO expression levels.
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