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and the sections of normal brain showed expression in a
few perivascular macrophages. Western-blot analysis re-
vealed a band of 18 kDa in both extracts corresponding to
the known molecular weight of the PBR. Signal seen in
brain tissue was much weaker than signal in adrenal gland.

Pathological findings

Both tumours were diagnosed as anaplastic astrocytoma
(grade III, WHO classification) [26] by two independent
neuropathologists. They were composed of astrocytic cells
with fibrillary cytoplasm and moderate to severe nuclear
pleomorphism. Mitotic activity was brisk in both cases. No
necrosis and, vascular and endothelial proliferation was
seen (Fig. 3a). As seen with the immunoreaction for
MHCII, both tumours contained a substantial number of
activated microglial cells and macrophages that accounted
for ~40% of the total number of cells (Fig. 3b). The anti-

Fig. 3 The tumour in patient |
shows the features of an
anaplastic fibrillary astrocytoma
(a; HE staining; x 10). The
immunoreaction for the MHC
class Il antigen demonstrates a
considerable number of
activated microglia (b, x 10).
PBR is expressed in a few
tumour cells but 1t is
undetectable in microglia (c;
patient 1 x 25). PBR expression
is observed in the
leptomeningeal lymphocytes
and leptomeningeal vessels

(d, patient 1, x 4)

PBR antibody demonstrated expression in a few tumour
cells and no expression in microglia (Fig. 3c) PBR-positive
lymphocytes were observed within the vessels and lep-
tomeninges (Fig. 3d). Leptomeningeal arteries showed
PBR expression in endothelium and smooth muscle cells of
the tunica media whereas normal vessels entrapped with
tumours vessels showed weak expression. In both cases,
some microglial cells expressed CD80 and CD86. TNF-
alpha was present in a few microglial cells mainly located
in the subpial tissue whereas iNOS and COX-2 were only
observed in a few neoplastic cells.

The three cases of MS showed intense PBR expression
in activated microglial cells surrounding active plaques as
well as in microglia and macrophages within areas of
demyelination (Fig. 4a). Strong expression of PBR was
also seen in activated microglia in the substantia nigra of
the three PD cases (Fig. 4b). In all the samples examined
we observed PBR expression in the wall of several medium
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sized and small arteries. Both MS and PD cases featured
expression of CD86, TNF-alpha, iNOS and COX-2 in
microglial cells.

Evaluation of microarray datasets

Immunohistochemical stains for MHCII revealed a diffuse
microglial infiltrate in the four anaplastic astrocytomas
used for microarrays analysis compared to normal control
tissue. The PBR was expressed in tumour cells and in a few
microglial cells. Notably, all the tumours showed a con-
siderably high number of MHCII-positive microglial cells
than PBR-positive and COX-2 positive microglia.
Expression analysis of anaplastic astrocytomas showed
levels of PBR as low as control brains. Expression of
MHCII, CD86 and TLRs 4 and 5 in anaplastic astroctyo-
mas were significantly higher than normal brains (P < 0.1)
whereas CD80 and CD40 were high but expression values
did not reach significance. TNF-alpha receptor 1 was only
mildly elevated and TLRs 1-3, 6-8 and 10 were as low as
normal brain. In the substantia nigra of PD cases, the
expression of PBR, TLRs 4 and 5 and TNF-alpha 1
receptor were increased compared to normal nigra
(P <0.1); MHCII, CD40, CD80 and CD86 showed bor-
derline levels compared to controls. All values of expres-
sions were normalised to the respective control tissue
(Fig. 5).

Discussion
We observed that activated microglial cells infiltrating two

cases of anaplastic astrocytoma do not express PBR. This
finding is interesting because it differs from all imaging
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studies with [''C](R)-PK11195 [11], microarray studies
[5], studies in vitro [27, 28], animal model [3, 29, 30] and
post-mortem brains [22] that showed high expression of
PBR in activated microglia in a variety of inflammatory,
degenerative, infective and vascular CNS disorders. Qur
approach of combining the evaluation of PBR using
[''C)(R)-PK11195 PET-scan and immunohistochemistry
offered the advantage of studying the binding capacity of
this molecule in vivo and, on tissues its distribution in the
cell types constituting the two astrocytomas without the
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Fig. 5 This diagram demonstrates the expression of mRNA of PBR,
MHCII, CD86, TLR4 and 5 and TNF alpha receptor 1 in anaplastic
astrocytomas (blue) and PD (green). Expression is normalised to the
control tissue
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changes that may occur examining microglia in vitro,
outside the complexity of interactions with other cell types
[5]. In addition, these two cases represented a rare oppor-
tunity and an excellent model to investigate microglial
PBR because they showed low-PBR expression in neo-
plastic cells and minimal contrast enhancement indicating
minimal disruption of the blood brain barrier and therefore
little presence of blood-borne macrophages within tumour
tissue.

We first excluded that the lack of PBR in glioma-infil-
trating microglia depended on the techniques used. Time
activity curves showed good perfusion of the radioligand
indicating that low BP seen in PET studies did not depend
on reduced blood flow within tumours. The dose of unla-
belled PK11195 injected for PET imaging along with the
labelled ligand was too low to saturate binding sites. Po-
sitive immunohistochemical reactions obtained with adre-
nal gland, MS and PD confirmed that the anti-PBR
antibody 8D7 is suitable for routinely processed tissue and
the search in protein Blast/Fasta, and Western-blot analysis
confirmed its specificity. Finally, PBR immunolabelling in
tumour cells and intravascular and leptomeningeal mono-
nuclear inflammatory cells that normally produce PBR [13,
23] indicated good preservation of the antigen in tumour
samples. Taken altogether, these findings confirmed that
the very low-PET signal and the lack of immunolabelling
in tumour tissue were consistent with a very low expression
of PBR in tumour tissue. '

In the present two cases only a minority of neoplastic cells
expressed PBR. The presence of a limited number of PBR-
positive tumour cells was essential to our study because it
allowed us for a better evaluation of its expression in mi-
croglial cells. Previous studies that investigated PBR in hu-
man astrocytomas using autoradiography with [’H] PK11195
[31-38] or immunohistochemistry [18, 39—-41] observed that
the great majority of glioblastomas have high-PBR expression
whereas anaplastic astrocytomas show variable expression
with some lesions showing PBR levels as high as low-grade

examples and normal brain [39]. The function of PBR in tu-

mour cells is still unclear but some authors suggested that this
molecule may have a role in inducing proliferation and reg-
ulating apoptosis [41]. Interestingly, none of these studies
reported intra-tumoural microglial cells and macrophages to
be a source of PBR. Using autoradiography, Benavides et al.
[32] examined PBR expression in glioblastomas, MS, brain
infarct and normal brains. They observed a considerable in-
crease in PBR expression in all lesions and a spatial correla-
tion between increased expression of PBR and accumulation
of macrophages in MS plaques and infarcts but not in glio-
blastomas where PBR expression was reportedly limited to
tumour cells.

Our results obtained with the two cases studied with PET-
scan combined with the results of expression microarrays

showed that glioma-infiltrating microglia in anaplastic
astrocytomas express very low levels or no PBR and that
glioma-infiltrating microglia have impaired cytotoxic
activity (lack of TNF-alpha, COX-2 and iNOS) although
they retain antigen presenting functions, at least in some
cells (expression of CD86 and TLRs 4 and 5). In addition, we
demonstrated that microglial response in anaplastic astro-
cytomas substantially differs from the response in non-
neoplastic conditions such as MS and PD. These findings
elicit an intriguing hypothesis on the role of PBR in mi-
croglial immune functions. The PBR is one of the most
common molecules expressed by microglial cells during
activation but its role in these cells is unknown and the
molecular pathway linking the functions of PBR to mi-
croglial response has not been elucidated [5]. In a mouse
model, Banati et al. [42] showed that PBR is up-regulated at
the early stages of activation when microglial cells still show
aramified morphology and suggested that PBR may be a key
molecule in microglial immune response. Recent in vitro
studies demonstrated that binding of PBR with the antago-
nist PK-11195 can suppress lipopolysaccaride-induced
expression of TNF-alpha and COX-2 [16] and that PK-
11195 may block store-operated channels mediated Ca>*
influx and the production of COX-2 induced by platelet-
activating factor [43]. These results indicate that PBR may
exert a pro-inflammatory activity and suggest a correlation
between modulation of mitochondrial PBR and cellular
inflammatory response with store-operated channels acting
as the molecule that links the two pathways. In human
glioblastomas, Hussain et al. [6] observed that glioma-
infiltrating microglia and macrophages separated from tu-
mour cells up-regulate MHCH and TLRs 1, 2, 3 and 4, show
very low levels of CD86 and lack of CD80 and TNF-alpha,
even after stimulation with lipopolysaccaride. Finally, pre-
vious studies in glial tumours did not document expression
of COX-2 and iNOS in glioma-infiltrating microglia al-
though they showed expression in tumour cells and their
increase with tumour grade [44, 45]. If these and our results
are considered altogether, we may speculate that down-
regulation of PBR in anaplastic astrocytomas can interfere
with the immune response of glioma-infiltrating microglia
by suppressing cytotoxic activity. Interestingly, He et al.
[46] documented very low expression of TNF-alpha and
iNOS in activated microglia surrounding brain metastatic
non-small cell lung carcinomas suggesting that mechanisms
that lead to impairment of microglial anti-tumour activity
may be common in primary and secondary CNS tumours.
Positron emission tomography studies performed here
showed that [''C] (R) PK11195 binding in both astrocyto-
mas was markedly lower than in the contralateral grey
matter. Turkheimer et al. [47] recently reported that normal
brains show a baseline up-take of [''C] (R) PK11195 due to
the presence of PBR in the tunica media and endothelium of
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intra-parenchymal arteries. In the current study, immuno-
histochemical stains demonstrated lack of microglial PBR
in normal vessels entrapped within neoplastic tissue but still
preserved expression in leptomeningeal vessels. Such
reduction of the baseline expression of PBR in vessels
justifies a binding of [“C] (R) PK11195 in astrocytomas
lower than normal grey matter. In addition, absent expres-
sion of PBR in microglia, low expression in neoplastic cells
and intra-tumoural vessels might suggest that molecules
present in tumour microenvironment can down-regulate
PBR.

Two previous studies have investigated PBR expression
in human gliomas by using [“C](R)-PK11195 PET [48,
49]. Junck et al. [48] examined three low-grade and three
anaplastic astrocytomas, three glioblastomas and one case
defined as indeterminate grade. They observed detectable
signal in eight lesions but only 60 and 80 min after injec-
tion and not in the early images. In addition, tumour/grey
matter ratio, tumour/white matter ratio and tumour radio-
activity did not correlate with tumour grade. Their findings
are not comparable to ours because these authors did not
use the R-enantiomer of PK11195, which exhibits maxi-
mum contrast at ~10 min after injection approaching the
equilibrium thereafter. Moreover, many lesions investi-
gated in their study showed contrast enhancement and
therefore damage of the blood brain barrier. Disruption of
the blood brain barrier allows blood-borne mononuclear
cells to infiltrate tumour tissue and such a recruitment of
haematogenous cells that highly express PBR may give
confounding results. The results obtained by Pappata et al.
[49] were in keeping with the known kinetic properties of
[''CI(R) PK-11195 but a parallel with our findings is also
difficult because they studied a case of glioblastoma, hence
a lesion with significant damage of the blood brain barrier.

In conclusion, we have shown that activated microglial
cells infiltrating anaplastic astrocytomas may not express
PBR as they do in neuroinflammatory, neurodegenerative,
vascular and infective CNS diseases. Our results suggest
that PBR has an important in modulating the inflammatory
microglial response against tumour cells and highlight the
complexity of the in vivo response of microglia in astro-
cytic tumours. Absence of PBR in microglial cells and in
the wall of intra-tumoural vessels suggests that tumour
microenvironment may contain molecules capable of
inducing down-regulation of PBR. Further studies are re-
quired to elucidate the role of PBR in microglial immune
response and the causes leading to its suppression in high-
grade astrocytomas.
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