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Summary

Platelet-derived growth factor (PDGF) and its receptors (PDGFRs) are strongly
involved in the normal development of several organs, tumour angiogenesis and
malignant progression and metastasis. Few studies concerning their expression, dis-
tribution and role in normal and pathological human thymus are available in the
literature. The aim of this study has been to analyse the immunohistochemical
expression of PDGF and PDGFR-a in prenatal and postnatal normal human thymus
and thymomal biopsy specimens. The results demonstrated immunoreactivity to both
PDGF and PDGFR-a in all specimens, but the intensity, distribution and number of
positive cells were different in normal thymus and thymomas, and also among differ-
ent tumour types. PDGF and PDGFR-o were weakly expressed in foetal and post-
natal humans with a different distribution between cortex and medulla in both
blood vessels and epithelial cells, whereas they were overexpressed in thymoma,
especially in type B2 and B3, in the tumour epithelial cells. Overall, these data sug-
gest that PDGF and PDGFR-a may be involved in the pathophysiology of the human
thymus.
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The thymus is crucial for the normal development of the
immune system, and its peculiar microenvironment consisting
of epithelial cells, connective tissue and blood vessels contrib-
utes to T cell differentiation (Gameiro et al. 2010). Much
data have been accumulated in the past decades concerning
the differentiation and maturation of T cells, including the
contribution of the thymic stroma (Heng ez al. 2010). Prena-
tal and postnatal human thymuses have been little investi-
gated in terms of normal histological variants (Raica et al.
2006) and of the presence of multipotent mesenchymal stro-
mal cells in foetal and adult human thymus (Mouiseddine
et al. 2008; Siepe et al. 2009). Little data is available about

the molecular mechanisms of the human thymus develop-
ment and the role of different growth factors and their recep-
tors in the normal organogenesis of this gland and its
malignant transformation. Vascular endothelial growth fac-
tor (VEGF), VEGF receptors 1 and 2 (VEGFR-1 and -2), and
fibroblast growth factor-2 (FGF-2) expression have been
studied in the embryonic thymus (Tomita et al. 2002; Miiller
et al. 2005; Cimpean et al. 2008; Cuddihy et al. 2009). Par-
rens ef al. (1999) reported that nerve growth factor (NGF)
and its receptors are involved in the formation of the thymus
stroma and proliferation of epithelial cells. These data were
supported by Lee et al. (2008), which suggested that tropic
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NGF activity enhances thymus regeneration and improves
host immunity in patients with immunodeficiency caused by
thymus involution. Moreover, epidermal growth factor
receptor (EGFR), which is strongly expressed in neoplastic
cells of well-differentiated thymic carcinoma (Pedersini et al.
2008), stimulates proliferation of thymic epithelial cells.

The involvement of platelet-derived growth factor and its
receptor alpha (PDGF and PDGFR-a) in the development of
murine thymus was first described by Morrison-Graham
et al. (1992). More recently, Jenkinson et al. (2007) proved
that PDGFR-a-positive mesenchymal cells play a crucial role
in early development stages of thymus in mice through pro-
liferative signals to the thymic epithelium. Depletion of
PDGFR-a-positive mesenchymal cells from embryonic thy-
mus resulted in the formation of functional, but hypoplastic
thymic gland. Moreover, Foster et al. (2008) demonstrated
the presence of PDGFR-a/PDGFR-B-positive neural crest-
derived mesenchymal cells, able to differentiate into perivas-
cular cells beginning from early embryonic stages of murine
thymus development. These cells also persist around blood
vessels in adult thymus and may contribute to formation of
the thymic blood barrier, providing structural support to
vessels and regulation of endothelial cell function.

The aim of this study has been to analyse the immunobhis-
tochemical expression of PDGF and PDGFR-o in prenatal
and postnatal human normal thymus and thymomas bioptic
specimens, because of the lack of literature data in human
specimens.

Materials and methods

Tissue specimens

Two foetal thymuses obtained from two foetuses of 24 and
28 weeks of gestation, five postnatal normal human
thymuses obtained from children aged 1 month-16 year
operated for cardiac malformations and 10 thymomal biopsy
specimens, obtained from adult patients aged 25-78 years,
have been included in this study. Specimens were fixed in
buffered formalin for 24 h and then embedded in paraffin.
Five micrometre sections were stained with haematoxylin
and eosin for conventional diagnosis, and thymomas were
classified according to the World Health Organization Sys-
tem (Rosai 1999) as type A (n=2), AB (n=2), Bl (n=1),
B2 (7 = 2) and B3 (n = 3). Three micrometre slides were uti-
lized for the immunohistochemical procedure.

The local research ethic committee approved the protocol
of the study, and informed consent was obtained from all
subjects according to the World Medical Association
(WMA) Declaration of Helsinki.

Immunobhistochemistry and image analysis

After heat-induced epitope retrieval in citrate buffer pH 6
for 20 min (with PT link modules; DakoCytomation,
Glostrup, Denmark), the slides were incubated with primary
antibodies (rabbit polyclonal anti-PDGF and anti-PDGFR-o
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antibodies, both ready-to-use (Labvision/Neomarkers, Fre-
mont, CA, USA) for 30 min. The working system for both
antibodies was Ultravision HRP System (Labvision/Neomar-
kers), followed by 3,3’diaminobenzidine dihydrochloride as
chromogen. Nuclei were stained with Lillie’s modified
haematoxylin (Dako, Glostrup, Denmark). The entire immu-
nohistochemical procedure was performed with DakoAuto-
stainer Plus (DakoCytomation). Image acquisition and
analysis were performed using Nikon Eclipse E600 (Nikon
Corporation, Tokyo, Japan) microscope and Lucia G soft-
ware (Nikon Corporation, Tokyo, Japan) for microscopic
image analysis.

Results

PDGEF/PDGEFRuo in normal foetal and postnatal thymus

In normal specimens, no differences were found in PDGF
expression between foetal and postnatal thymus. A strong
immunoreactivity was detectable in the middle layer of large
blood vessels, in the connective tissue surrounding the normal
thymus and in the medullary epithelial cells (Figure 1a,b),
while weak immunoreactivity was observed in the cytoplasm
of scattered epithelial cells in the cortex (Figure 1b). In the
foetal thymus cortex, two types of cells positive for PDGF
were recognizable: flattened cells around small capillaries and
scattered stromal epithelial cells. Both were localized in the
deep cortex. No positive cells were identified in the subcapsu-
lar region of the foetal thymus. In the medulla of the foetal
and postnatal thymus, a network of stromal epithelial cells
with strong immunoreactivity to PDGF were recognizable
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Figure 1 Platelet-derived growth factor (PDGF) expression in
normal prenatal human thymus. In (a) a strong immunoreactiv-
ity to PDGF in the media of large vessels and in the medullary
epithelial cell. In (b) a detail of the cortico-medullary junction
showing PDGF expression in the connective tissue septae and a
strong immunoreactivity in the medulla. A strong immunoreac-
tivity to PDGF in the epithelial network of the medulla (c) and
in Hassall corpuscles (d). Original magnification: a, x40; b,
x100; ¢, x400; d, x1000.

© 2011 The Authors. International Journal of Experimental Pathology © 2011 International Journal of Experimental Pathology, 92, 340-344



342  A. M. Cimpean et al.

-y 3
g "t_ _
-'.o._ e oo

,_.%1- -3#_;_1..'{?-

,f
.1?._ FRisy [:‘,}rs
P‘:F “-u.-‘:t f-;:ﬁ'rf

e o
[N S8 S t"l-.-.r Al gz oy R S

Figure 2 Differences in platelet-derived growth factor receptors
(PDGFR)-a expression between the cortex and the medulla in
normal human thymus. Note a higher number of immunoreac-
tive epithelial stromal cells in the medulla as compared with the
cortex. Original magnification: x400.

(Figure 1c), while Hassall corpuscles showed a positive reac-
tion with a granular pattern (Figure 1d).

Platelet-derived growth factor receptor-o had the same
distribution of PDGF with a lower intensity of reaction in
both foetal and postnatal thymus (Figure 2).

PDGF/PDGEFR-u« in thymoma

Tumour epithelial cell were immunoreactive to PDGF. In
type A and AB thymomas, moderate PDGF immunoreactiv-
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Figure 3 Platelet-derived growth factor (PDGF) and platelet-
derived growth factor receptor (PDGFR)-0. expression in thymo-
ma bioptic specimens. In (a) a type A thymoma with moderate
PDGEF expression in tumour cells. In (b) a type B1 thymoma
with PDGF positive cells into the medulla-like zone. In (¢) a
type B3 thymoma with a strong immunoreactivity to PDGF of
tumour cells. In (d) a type B3 thymoma with a weaker PDGFR-
o immunoreactivity of tumour cells. In (e) a type B3 thymoma
with clusters of PDGFR-a-positive tumour cells inside the cap-
sule. Original magnification: a, ¢, e x400; b, x40; d, x200.

ity with a cytoplasmic diffuse pattern was restricted to the
spindle cells (Figure 3a) and to isolated tumour blood ves-
sels. In type B1 thymoma, PDGF immunoreactivity was rec-
ognizable into the medulla-like area and absent into the
cortex-like zone (Figure 3b). Moreover, immunoreactive
blood vessels were grouped at the tumour periphery and
within the tumour. The highest intensity of immunoreactiv-
ity was detected in type B3 thymomas, showing an intense
immunoreactivity of all tumour cells with a cytoplasmic
granular pattern (Figure 3c).

As concerns PDGFR-o expression, scattered positive
tumour cells were recognizable in type A and AB thymoma,
while positive tumour cells were more numerous in thymo-
ma type B2 and B3 at the periphery of tumour, showing a
prevalent membrane pattern of expression (Figure 3d). Clus-
ters of positive tumour cells were also found in the capsule
(Figure 3e).

Discussion

Platelet-derived growth factor was initially identified as a
growth factor for fibroblasts, smooth muscle cells and glial
cells (Kohler & Lipton 1974; Ross et al. 1974; Westermark
& Wasteson 1976). PDGE-B is secreted by endothelial cells,
presumably in response to VEGF, facilitates recruitment of
mural cells, and expression of PDGFR-B in pericytes and
smooth muscle cells is required for their proliferation, migra-
tion and incorporation in the vessel wall (Kazlauskas 2008).

Further evidence has clearly demonstrated involvement of
PDGF and its specific receptors in different types of
tumours. Within a tumour, the endothelial cells produced
PDGF, and in some instances, the tumour cell also secrete
PDGF. PDGF-B expressed by tumour cells increased pericyte
recruitment in several in vivo tumour models, and genetic
abolition of PDGFR-B expression by embryonic pericytes
decreased their recruitment in tumours (Abramsson et al.
2003). More recently, Faraone et al. (2009) reported that
melanoma tumour cells expressing PDGFR-o have a lower
metastatic potential compared with those tumour cells that
lack PDGFR-o. In breast cancer, stromal PDGFR-B expres-
sion significantly correlated with less favourable clinic—path-
ological parameters and shorter survival (Paulsson et al.
2009).

Platelet-derived growth factor and PDGFRs have been little
studied in murine and human thymus, and no data are avail-
able concerning their expression in normal and pathological
human thymus and derived tumours. During embryogenesis
of murine thymus, PDGFR-a is highly expressed in mesen-
chymal cells derived from the neural crest (Schatteman
et al. 1992). Studies performed using ph/ph mice, lacking
PDGFR-a expression, showed that the development of thymic
epithelial cells was impaired despite a normal migration of
thymocyte precursors (Itoi et al. 2007). Odaka (2009)
detected positive PDGFR-a thymic mesenchymal cells inside
the capsule, septa and around blood vessels in normal murine
thymus.
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In this study, we have demonstrated for the first time the
same distribution and intensity of PDGFR-a expression in
positive cells inside the normal foetal and postnatal human
thymus and the presence of two types of positive cells
restricted to the deep cortex, suggesting that this subpopula-
tion of stromal cells could be responsible for PDGFR synthe-
sis and storage. Moreover, we have found PDGFR-a positive
perivascular cells only around small capillaries in the deep
cortex, and we have also demonstrated a positivity in the
Hassall corpuscles of normal human thymus and strong
reaction for PDGF and PDGFR-a in tumour epithelial cells
from thymomas, depending on the tumour type.

Pharmacological approaches have been introduced by
using inhibitors that blocked PDGFRs, which reduced the
pericyte number of tumour vessels and vascularity of
tumours (Bergers ef al. 2003). In 2005, the Food and Drug
Administration granted regular marketing approval for so-
rafenib, an inhibitor of VEGFRs, PDGFRs, Raf and c-kit,
for the treatment of patients with advanced renal cell carci-
noma (Kane et al. 2006).

These data suggest that PDGF and PDGFR-a inhibitors
might be used as antiangiogenic agents in the treatment of
thymoma. Accordingly, motesanib diphosphonate, an angio-
genesis inhibitor targeting VEGFRs, PDGFRs and c-kit, has
been utilized in advanced-stage thymoma (Azad et al. 2009),
sorafenib in human thymic carcinoma (Bisagni et al. 2009)
and dasatinib, an inhibitor of PDGFR-f and c-kit, in a meta-
static thymoma type B2 (Chuah et al. 2006).

In conclusion, this is the first study that describes the
expression and distribution of PDGF and PDGFR-a in the
normal prenatal and postnatal human thymus and in thymo-
ma and indicates that the evaluation of the expression of
PDGF and PDGFR-a in thymoma may be a useful tool for a
more complete phenotypic characterization of this type of
tumour.
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