
Abstract. Background: There is an ongoing search for
new therapeutic targets in invasive non-resectable thymic
tumours because of the low response rates in current
chemotherapeutic treatment modalities. In this study, the
possibility that platelet-derived growth factor receptor A
(PDGFRA) and/ or PDGFRB may represent potential
therapeutic targets in epithelial tumours of the thymus
was investigated. Patients and Methods: Tissue samples
were obtained by thymectomy from 36 different patients
with epithelial tumours of the thymus (26 thymomas types
A, AB, B1-3 and 10 thymic carcinomas). Normal thymi
from three young children were used as controls. The
PDGFRA and PDGFRB protein expressions as well as the
mutational statuses of exons 12, 14 and 18 of the
PDGFRA gene were analyzed. Results: All the subtypes of
thymomas and the thymic carcinomas showed staining for
PDGFRA, but no mutations in the known mutational
hotspots were identified. Only about one third of the
tumours stained for PDGFRB. PDGFRA and PDGFRB
protein staining were slightly positively correlated.
Conclusion: PDGFRA may represent a potential
therapeutic target in thymic tumours. 

Thymomas and thymic carcinomas are rare epithelial tumours
of the anterior mediastinum. Type A, type AB and type B1
thymomas have an excellent prognosis, while type B2 and
type B3 thymoma as well as thymic carcinomas show a
malignant behaviour with sometimes extended tumour
disease, including infiltration of adjacent structures and
metastasis (1-5). Surgery remains the gold standard in the
treatment of these tumours (6). 

Adjuvant therapy as well as postoperative radiotherapy or
radiochemotherapy are proposed in invasive diseases. The
relatively low response rates to chemotherapy demand the
development of new therapeutic targets. For example, octreotide-
based therapies in thymomas showed a response rate of 30%  in
a large study (7, 8), while response rates to epidermal growth
factor receptor (EGFR) inhibitors were less than 60% , with
progression-free survival of only a few months (9). 

KIT, a receptor tyrosine kinase type III, has been extensively
investigated concerning expression by immunohistochemistry and
mutational status in thymomas and thymic carcinomas, but
mutations in KIT in thymic carcinomas are very rare (10).
Imatinib mesylate treatment resulted in a partial response for 9
months in one case of thymic carcinoma with a KIT mutation
(11). In contrast, there is a lack of information concerning platelet
derived growth factor (PDGF) receptors (PDGFR) in epithelial
tumours of the thymus (10, 12). This prompted us to analyze
PDGFRA and PDGFRB protein expressions as well as the
mutational status in the mutational hotspots of exons 12, 14 and
18 of the PDGFRA gene in thymomas and thymic carcinomas. 

Patients and Methods

Tissue and clinical data. Tissue samples were obtained by
thymectomy from 36 patients with epithelial tumours of the
thymus, the patient characteristics are shown in Table I. All the
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samples were fixed in 4%  formaldehyde and paraffin embedded
by a routine procedure. Typing was performed according to the
histological criteria of the WHO classification including
immunohistochemistry. The 36 tumours encompassed the
following subtypes: 3 type A thymomas, 7 type AB thymomas, 6
type B1 thymomas, 4 type B2 thymomas, 6 type B3 thymomas
and 10 thymic carcinomas (former type C thymomas) of different
stages (I-IV) according to Masaoka et al. (13) (Table I) . The
normal thymi from three young children were used as controls in
order to see the expression in normal tissue.

Mutational analysis of exons 12, 14 and 18 of the PDGFRA gene.
Mutational analysis was performed for the type A thymomas, the
A component of type AB thymomas, type B3 thymomas and
thymic carcinomas due to the low number of lymphocytes, so that
all mutations could be detected in the malignant epithelial cell
component. For these cases, the haematoxylin and eosin stained
slides were reviewed to localize tumour regions with less than
10%  lymphocyte-infiltration and ≥90%  tumour cell content. From
each case one paraffin block was selected and a 16 gauge needle
for bone marrow aspiration was used to obtain the tissue cores (2
mm diameter, 3 mm height) for DNA extraction. Genomic DNA
was isolated from the paraffin-embedded tissue samples after
deparaffinization with xylene using a QIAamp DNA Mini Kit
(Qiagen, Hilden, Germany) according to the manufacturer's
recommendation. The DNA was eluted twice with 50 μl 10 mM
Tris HCl pH 8. 0. Exons 12, 14 and 18 of the human PDGFRA
gene were amplified by nested polymerase chain reaction (PCR)
using the following oligonucleotides: exon 12 (first PCR, forward
5’-GGACTCTACTGTGTCCAGTC-3’ and reverse 5’-GATCTC
TATTCTGCCAAGGCC -3’; nested PCR forward 5’-CTC
TGGTGCACTGGGACTTT-3’ and reverse 5’-GCAAGGGAA
AAGGGAGTCTT-3’); exon 14 (first PCR, forward 5’-GAGGCCA
AGTAGCTATCTGC-3’ and reverse 5’-CACAACCACATGTGTC
CAGTG-3’; nested PCR forward 5’-TCTGAGAACAGGAAG
TTGGTAGC-3’ and reverse 5’-CCAGTGAAAATCCTCACTCCA-
3’); exon 18 (first PCR, forward 5’-GTGCCACCATGGA
TCAGCCAG-3’ and reverse 5’-GGCACCGAATCTCTAGAAGC-
3’; nested PCR forward 5’-CTTGCAGGGGTGATGCTATT-3’ and
reverse 5’-AGAAGCAACACCTGACTTTAGAGATTA-3’). The
PCR reactions were carried out in a volume of 20 μl containing 2
μl of genomic DNA from the second eluate using HotStar Taq
DNA polymerase (Qiagen). The incubations were conducted at
95˚C for 15 min, then 10 cycles of 94˚C for 20 s, 60˚C for 1 min,
72˚C for 1 min, followed by 30 cycles of 94˚C for 20 s, 55˚C for
1 min, 72˚C for 1 min and a final extension at 72˚C for 5 min. The
PCR products were purified using a High Pure PCR Product
Purification Kit (Roche, Mannheim, Germany) and sequenced in
both directions (Eurofins Medigenomix, Martinsried, Germany).
The retrieved sequences were subjected to an internet-based
(BLAST) analysis (14) and the electropherograms were further
inspected visually for double peaks.

Immunohistochemistry. Tissue microarrays (TMA) were constructed
from the paraffin wax-embedded blocks of the 39 specimens of the
thymus. A tissue arrayer device (Beecher Instruments, Sun Prairie,
WI, USA) was used. All the investigated cases were reviewed and
representative tumour areas were marked in the corresponding
paraffin wax blocks and at least two areas were sampled. The
diameter of the cylinders was 1.2 mm. 

For PDGFRA staining (SC –338, Santa Cruz, CA, USA, dilution
1: 50), the antigen retrieval was performed in sodium citrate buffer,
pH 6.0 (10 mmol/L) in the microwave for 15 min. Detection was
performed with a Dako REAL™ Detection System using
peroxidase. A gastrointestinal stromal tumour with an activated KIT
mutation was used as the positive control and negative controls were
performed without the primary antibody, showing no signals.
Incubation with the PDGFRB antibody (BD Bioscience, CA, USA,
dilution 1:50) was performed as described for PDGFRA. Normal
testis (Score 3) was used as the positive control.

The cytoplasmic intensity of PDGFRA and PDGFRB was scored
for each specimen on a scale of 0 to 3: 0=negative, 1=weak,
2=moderate and 3=strong (8). The staining intensity was evaluated
for the maximum intensity among the positive cells (“maximum
intensity of staining”) (8). The slides were evaluated by two
independent observers (M.M., R.R.)
Statistical analysis. With respect to the stage and histological
subtype, the differences in the frequency distribution of the
intensity were analyzed using the Kruskal-Wallis Test. A
difference was considered statistically significant if the p-value did
not exceed 5%  (p≤0.05).

Results

Immunohistochemistry. In Table I, the results of the
PDGFRA immunohistochemistry are given for the 39
investigated cases (36 tumours and 3 normal controls). All
the types of thymic tumours showed positive staining (Table
I); in particular the thymic carcinomas showed strong
positive staining, while the normal thymi showed weak to
moderate positive staining (see Figure 1). PDGFRB showed
weak staining in all the normal thymi, and in about 1/3 of
the thymic carcinomas and some of the thymoma cases (see
Table I and Figure 1). 

Association of PDGFRA and PDGFRB staining with
histologic subtype and stage. Due to the fact that PDGFRA
was expressed especially strongly in the thymic carcinomas,
there was a significant difference between them with the
thymomas subtypes (p<0.0024) as well as with stage
(p<0.0040), since higher stages had a stronger expression.
Since PDGFRB was especially expressed in about 1/3 of the
thymic carcinomas, there was a significant difference for
histology (p<0.0140) in comparison to the thymoma
subtypes, and for stage (p<0.0120) since there was a
expression in higher stages. No significant difference was
found for either protein concerning gender (p>0.8116 for
PDGFRA and p>0.4667 for PDGFRB). There was a slight
positive association between these two proteins (Spearman
test: 0.1121).

Mutational status of the PDGFRA gene. The mutational
status of exons 12, 14, and 18 of the PDGFRA gene was
evaluated in 26 samples. No mutations were found in the
sequenced exons of the PDGFRA gene.
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Discussion

The expression of PDGFRA was detected in the normal
thymi and all the subtypes of thymomas and was
interestingly more pronounced in the thymic carcinomas.
However, no mutations were found at the hotspots of the
PDGFRA gene in a subset of these tissue samples. 

The absence of activating mutations in PDGFRA does
not exclude the possible treatment efficiency of selective
tyrosine kinase inhibitors such as imatinib mesylate.
Imatinib mesylate was the first clinically useful synthetic
inhibitor that blocks the adenosine triphosphate binding
site of the subclass III group of tyrosine kinases, which
includes KIT, PDGFRA, PDGFRB and Abelson
protooncogene (ABL). When this drug binds to the kinase
domain, it prevents phosphate from being transferred from
adenosine triphosphate to tyrosine residues. This results in
an inhibition of proliferation and cell mortality (15-20).
Activating PDGFRA mutations affecting exons 12 and 18
were detected by two independent groups in 14 of 40 and
in 5 of 8 KIT wild-type gastrointestinal stromal tumors
(GISTs), while being absent from any of 36 and of 10 KIT
mutant GISTs examined (21, 22). The authors of these
studies concluded that activating mutations of KIT or
PDGFRA are mutually exclusive oncogenic events and that
these mutations have similar biological consequences.
Autocrine expression of both PDGF ligands and PDGFRA
and B receptors is thought to play a role in cancer
development, as shown in sarcomas, glial tumours and
gynaecological malignancies for example (17). As
PDGFRA signalling is required for the recruitment of
vascular endothelial growth fator-producing stromal
fibroblasts for tumour angiogenesis and growth, it is an
interesting therapeutic target (23) even when no mutations
exist. 

Imatinib mesylate has an inhibitory activity against
PDGFRA and KIT, but also not only against PDGFRB. In
vivo studies of PDGFR signalling indicated that PDGFRB
signal transduction could replace that of PDGFRA (24).
Additionally PDGFRB activated ABL influenced downstream
signalling which contributed to tumour growth (25). Several
studies have shown that PDGFRB played an important role
in tumour progression in gastric cancer, osteosarcomas and
prostate cancer (26-29). Therefore, imatinib mesylate may
well be a potential therapeutic target in some cases of
thymomas and thymic carcinomas. 

In summary, thymomas as well as thymic carcinomas
express PDGFRA and sometimes PDGFRB. Thus PDGFR
inhibitors may be potential therapeutic agents in these
tumours. The lack of long-term toxicity data limits their
clinical use as an option where established local and
systemic treatment regimen has failed to control the
disease.
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Table I. Patient characteristics and PDGFRA and PDGFRB expression.

# Age Gender Hist Stage pA pB
(years)

1 71 m A 2 2 1
2 67 m A 1 2 .
3 68 m A 2 2 1
4 58 f A 3 2 1
5 56 m AB 2 1 0
6 68 m AB 2 2 0
7 49 f AB 2 1 0
8 74 f AB 2 1 0
9 48 f AB 2 2 0

10 48 f AB 2 1 0
11 58 f B1 1 1 0
12 66 f B1 2 2 0
13 52 m B1 2 3 0
14 41 f B1 1 1 0
15 71 m B1 1 1 0
16 34 m B1 2 2 0
17 55 m B2 3 2 0
18 43 m B2 4 3 1
19 49 f B2 . 1 0
20 76 f B2 2 2 0
21 62 f B3 2 1 0
22 58 m B3 3 1 0
23 66 m B3 3 3 1
24 62 f B3 4 2 0
25 73 m B3 2 1 0
26 88 f B3 3 2 1
27 68 f C 3 3 1
28 57 f C 4 3 1
29 58 f C 2 3 0
30 66 m C 3 3 0
31 63 f C 3 3 1
32 63 f C 4 3 2
33 51 m C 4 3 0
34 76 f C 3 3 0
35 62 f C 4 2 1
36 44 f C 4 3 2
37 0.8 m N . 1 1
38 0.1 m N . 2 1
39 0.2 m N . 1 1

pA, PDGFRA; pB, PDGFRB; gender: m, male; f, female; hist,
histological subtype according to WHO (A, AB, B1, B2, B3, C =thymic
carcinoma), N, normal thymus; pA/B score, 0, negative, 1, weak, 2,
moderate, 3, strong stain intensity.
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Figure 1. A-G. Immunohistochemical staining for PDGFRA. A, Normal thymus (case no.38, score: 2); B, type A thymoma (case no. 3, score: 2); C,
type AB thymoma (case no. 10, score: 1); D, type B1 thymoma (case no. 14, score:1); E, type B2 thymoma (case no. 18, score: 3); F, type B3 thymoma
(case no. 23, score: 3); G, thymic carcinoma (case no. 33, score: 3); H-M, immunohistochemical staining for PDGFRB; H, normal thymus (case no.
38, score: 1); I, type A thymoma (case no.3, score: 1); J, type AB thymoma (case no. 7, score: 0); K, type B1 thymoma (case no. 11, score: 0); L, type
B2 thymoma (case no. 19, score: 0); M, type B3 thymoma (case no. 24, score: 0); N, thymic carcinoma (case no. 28, score:1).



13 Masaoka A, Monden Y, Nakahara K and Tanioka T: Follow-up
study of thymomas with special reference to their clinical stages.
Cancer 48: 2485-2492, 1981.

14 Tatusova TA and Madden TL: BLAST 2 Sequences, a new tool
for comparing protein and nucleotide sequences. FEMS
Microbiol Lett 174: 247-250, 1999.

15 Hirota S, Isozaki K, Moriyama Y, K. Hashimoto K, Nishida T,
Ishiguro S, Kawano K, Hanada M, Kurata A, Takeda M,
Muhammad G, Matsuzawa Y, Kanakura Y, Shinomura Y and
Kitamura Y: Gain-of-function mutations of C-KIT in human
gastrointestinal stromal tumors. Science 279: 577-580, 1998. 

16 Tsujimura T, Hashimoto K, Kitayama H, Ikeda H, Sugahara H,
Matsumura I, Kaisho T, Terada N, Kitamura Y and Kanakura Y:
Activating mutation in the catalytic domain of c-kit elicits
hematopoietic transformation by receptor self-association not at
the ligand-induced dimerization site. Blood 15: 1319-1329, 1999. 

17 Dibb NJ, Dilworth SM and Mol CD: Switching on kinases:
oncogenic activation of BRAF and the PDGFR family. Nat Rev
Canc 4: 718-727, 2004.

18 Blume-Jensen P and Hunter T: Oncogenic kinase signalling.
Nature 411: 355-365, 2001. 

19 Heldin CH, Ostman A and Ronnstrand L: Signal transduction via
platelet-derived growth factor receptors. Biochim Biophys Acta
1378: F79-F113, 1998.

20 Penzel R, Aulmann S, Moock M, Schwarzbach M, Rieker RJ
and Mechtersheimer G: The location of KIT and PDGFRA gene
mutations in gastrointestinal stromal tumours is site and
phenotype associated. J Clin Pathol 58: 634-639, 2005. 

21 Heinrich MC, Corless CL, Duensing A, McGreevey L, Chen CJ,
Joseph N, Singer S, Griffith DJ, Haley A, Town A, Demetri GD,
Fletcher CD and Fletcher JA: PDGFRA-activating mutations in
gastrointestinal stromal tumors. Science 299: 708-710, 2003.

22 Hirota S, Ohashi A, Nishida T, Isozaki K, Kinoshita K,
Shinomura Y and Kitamura Y: Gain-of-function mutations of
platelet-derived growth factor receptor a gene in gastrointestinal
stromal tumors. Gastroenterology 125: 660-667, 2003.

23 Dong J, Grunstein J, Tejada M, Peale F, Frantz G, Liang WC,
Bai W, Yu L, Kowalski J, Liang X, Fuh G, Gerber HP and
Ferrara N: VEGF-null cells require PDGFR alpha signaling-
mediated stromal fibroblast recruitment for tumorigenesis.
EMBO J 23: 2800-2810, 2004.

24 Klinghoffer RA, Mueting-Nelsen PF, Faerman A, Shani M, and
Soriano P: The two PDGF receptors maintain conserved
signaling in vivo despite divergent embryological functions. Mol
Cell 2: 343-354, 2001.

25 Plattner R, Koleske AJ, Kazlauskas A and Pendergast AM:
Bidirectional signaling links the Abelson kinases to the
platelet derived growth factor receptor. Mol Cell Biol 24:
2573-2583, 2004.

26 Lagonigro MS, Tamborini E, Negri T, Staurengo S, Dagrada GP,
Miselli F, Gabanti E, Greco A, Casali PG, Carbone A, Pierotti
MA and Pilotti S: PDGFRalpha, PDGFRbeta and KIT
expression/activation in conventional chondrosarcoma. J Pathol
208: 615-623, 2006.

27 McGary EC, Weber K, Mills L, Doucet M, Lewis V, Lev DC,
Fidler IJ and Bar-Eli M: Inhibition of platelet-derived growth
factor-mediated proliferation of osteosarcoma cells by the novel
tyrosine kinase inhibitor STI571. Clin Cancer Res 8: 3584-
3591, 2002. 

28 Hofer MD, Fecko A, Shen R, Setlur SR, Pienta KG, Tomlins SA,
Chinnaiyan AM and Rubin MA: Expression of the platelet-
derived growth factor receptor in prostate cancer and treatment
implications with tyrosine kinase inhibitors. Neoplasia 6:
503–512, 2004.

29 Kim R, Emi M, Arihiro K, Tanabe K, Uccida Y and Toge T:
Chemosensitization by STI571 targeting the platelet-derived
growth factor/platelet-derived growth factor receptor-signaling
pathway in the tumor progression and angiogenesis of gastric
carcinoma. Cancer 103: 1800-1809, 2005.

Received April 16, 2009
Revised July 15, 2009

Accepted July 20, 2009

Meister et al: PDGFR Expression in Thymic Tumours

4061



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


