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Thymoma is one of the most common solid tumors in the medi-
astinum. Because there is no typical cell line for human thymoma,
the development and use of molecular-based therapy for thy-
moma will require detailed molecular-genetic analysis of patients’
tissues. Recent reports showed that genetic aberrations in thy-
moma were most frequently seen in chromosome 6q regions. We
investigated the use of oligonucleotide arrays to monitor in vivo
expression levels of genes in chromosome 6 regions in early-
(stage I or II) and late- (stage IVa) stage thymoma tissues from pa-
tients. These in vivo gene expression profiles were verified by
real-time quantitative reverse transcription polymerase chain re-
action (RT-PCR) using LightCycler for 48 thymoma patients and
sandwich ELISA for 33 thymoma patients. Using both methods, a
candidate gene was identified which was overexpressed in stage
IV thymoma. This was a known glycosylphosphatidyl inositol
(GPI)-anchored protein (GPI-80), which is highly homologous with
Vanin-1, a mouse thymus homing protein. Serum level of GPI-80
was confirmed to be elevated in stage IV thymoma compared
with in stage I thymoma by using sandwich ELISA. The combined
use of oligonucleotide microarray, real-time RT-PCR, and ELISA
analyses provides a powerful new approach to elucidate the in
vivo molecular events surrounding the development and progres-
sion of thymoma. (Cancer Sci 2003; 94: 809–813) 

hymoma is a neoplasm of thymic epithelial cells mixed
with lymphocytes. Although thymomas are usually encap-

sulated, some are characterized by locally invasive growth,
pleural dissemination, or extrathoracic metastasis. However,
there seems to be no cytological difference between noninva-
sive thymoma and invasive/metastatic thymoma.1–3) Several ap-
proaches have been made to differentiate non-invasive thymoma
from invasive/metastatic thymoma, but the issue still remains
controversial. Malignancy is generally evaluated in terms of the
tumor’s macroscopic invasiveness seen at the time of surgery.

The elucidation of the genetic events underlying the initiation
and progression of human thymoma has been hampered by lim-
itations inherent in both in vitro and in vivo methods of study.
The most significant limitation of in vitro-based systems is that
there is no typical cell line for human thymoma. Also, genetic
information derived from cell lines may not accurately reflect
the molecular events taking place in the tissues from which
they were derived. Examining tumors for alterations in gene ex-
pression is a potentially useful approach to identifying molecu-
lar differences between early- and late-stage thymomas. The
advent of high-density oligonucleotide microarray technology,4)

with its capacity for simultaneous monitoring of thousands of
genes, provides a unique opportunity for high-throughput ge-
netic analysis of tumors.5–12)

A recent report showed that chromosome 6, especially 6q25,
suffers frequent aberrations in thymoma.13)

We examined differential gene expression at chromosome 6
in patients with invasive/non-invasive thymoma by means of
the Biochip (microarray) method and real-time reverse tran-
scription polymerase chain reaction (RT-PCR) analysis using
LightCycler,14) and identified glycosylphosphatidyl inositol
(GPI)-anchored protein (GPI-80) as being overexpressed in ad-
vanced thymoma. We analyzed the data in relation to clinico-
pathological factors. We also examined serum GPI-80 levels by
using sandwich ELISA for soluble GPI-80.

Materials and Methods

Patients. The study groups included 48 (26 male: 22 female)
tissues from thymoma patients who had undergone surgery at
the Department of Surgery II, Nagoya City University Medical
School between 1996 and 2000. The thymomas were classified
according to Masaoka’s staging system.15) Of the 48 cases, 7
were diagnosed with myasthenia gravis. All tumor samples
were collected at resection and immediately frozen. To evaluate
serum GPI-80 in thymomas, 33 serum samples from thymoma
patients who had undergone surgery between 1994–1996 were
included. Written informed consent was obtained from these
patients. The sandwich ELISA system used to detect serum
GPI-80 has been reported previously.16)

Treatment of raw data from Affymetrix oligonucleotide arrays.
Total RNA was extracted using an Isogen kit (Nippon Gene,
Tokyo) according to the manufacturer’s instructions. The cRNA
transcript labeling reaction was performed using the Enzo Bio-
array High Yield RNA transcript labeling kit (Enzo Diagnos-
tics, Inc., Farmingdale, NY) and purified using RNeasy spin
columns (Qiagen, Valencia, CA) and then hybridized to the Af-
fymetrix Hum95000 array (Santa Clara, CA) for 16 h as
described.5, 8) The Affymetrix Hum95000 array contains about
12,625 features, each containing a DNA 20-mer oligonucle-
otide. Sequences from 12,625 full-length human cDNAs or ex-
pressed sequence tags (ESTs) that have some similarity to other
eukaryotic genes are represented on a set of chips. In the fol-
lowing, we refer to either a full-length gene or an EST that is
represented on the chip as EST. About 20 feature pairs repre-
sent each EST on the array. Each feature contains a 25-bp se-
quence, which is either a perfect match (PM), or a single central-
base mismatch (MM). The hybridization signal fluctuates be-
tween different features that represent different 25-mer oligonu-
cleotide segments of the same EST. Biochip data were analyzed
by Genespring software (Silicon Genetics, Redwood City, CA)

Immunohistochemistry. Mouse monoclonal antibody against
GPI-80 (clone 3H9) was produced by Sendo et al. at Yamagata

T

6To whom correspondence should be addressed at Department of Surgery, Na-
tional Kinki Central Hospital. E-mail: hisasaki @kch.hosp.go.jp
Sasaki et al. Cancer Sci | September 2003 | vol. 94 | no. 9 | 809–813

mailto:hisasaki @kch.hosp.go.jp
mailto:hisasaki @kch.hosp.go.jp


University.16, 17) Frozen sections (6 µm) were cut on a cryostat,
placed on 3-aminopropyltriethoxysilane (APS)-coated glass mi-
croscope slides and air-dried at room temperature for 30 min.
Endogenous peroxidase activity was blocked with 0.3% H2O2.
Non-specific binding was blocked by Block Ace Solution
(Dako Japan Co., Kyoto), and the slides were incubated with
the monoclonal antibody against GPI-80 (1:2800) overnight at
4°C. Envision Kit (Dako Japan Co.) and 3,3-diaminobenzidine
(DAB) substrate were used to visualize the antibody binding,
and the sections were counterstained with hematoxylin.17)

RT-PCR assays for GPI-80. RNA concentration was determined
by absorbance measurement with a spectrophotometer and ad-
justed to a concentration of 200 ng/ml. RNA (1 µg) was re-
verse transcribed by Superscript II enzyme (Gibco BRL,
Gaithersburg, MD) with 0.5 mg of oligo(dT)12–16 (Amersham
Pharmacia Biotech, Inc., Piscataway, NJ). The reaction mixture
was incubated at 42°C for 50 min followed by incubation at
72°C for 15 min. To ensure the fidelity of mRNA extraction
and reverse transcription, all samples were subjected to PCR
amplification with oligonucleotide primers specific for the con-
stitutively expressed gene glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) and data were normalized with respect to
this value. All PCR reactions were performed using LightCy-
cler-FastStart DNA Master SYBR Green I kit (Roche Molecu-
lar Biochemicals, Mannheim, Germany) and quantified. The
primer sequences for the GPI-80 gene were as follows: the for-
ward primer, 5-GACTCCACATGTCCTCCTAA-3 and the re-
verse primer, 5-ACATGGAAATCTTTCACCAG-3. The
cycling conditions were as follows: initial denaturation at 95°C
for 10 min, followed by 50 cycles of 95°C for 15 s, 53°C for 5
s, and 72°C for 10 s. The primer sequences for the other genes
are shown in Table 1. Amplified cDNAs were separated on 1%
agarose gels, and the bands were visualized with ethidium bro-
mide.

Statistical methods. Statistical analysis was done using the
Stat-View software package (Abacus Concepts, Inc., Berkeley,
CA). The Mann-Whitney U test was used to evaluate the signif-
icance of differences in expression in paired groups. Differ-
ences among the means of the stage and pathological subtypes

in the patients with thymomas were examined using Fisher’s
method. Correlation between the mRNA levels and age was
evaluated by means of Spearman’s rank test. The criterion of sig-
nificance was taken to be a P value of less than 0.05.

Results

cDNA array analysis. To demonstrate the feasibility of applying
the technology to thymoma specimens, we examined differen-
tial gene expression at chromosome 6 between advanced thy-
moma (2 stage IVa cases) and early thymoma (1 stage I and 1
stage II cases) samples. Comparative differential gene expres-
sion analysis of advanced stage thymoma versus early stage
thymoma revealed that 11 genes had significantly altered levels
of expression by 2-fold or greater at chromosome 6. Of these
11 genes, 7 were on the p-arm and 4 on the q-arm (Table 2).

Validation of array data with real-time RT-PCR assays using Light-
Cycler. To confirm the reliability of our array data, we measured
the expression levels of four of the genes differentially ex-
pressed at chromosome 6q using LightCycler. Fig. 1 shows the
differential expression pattern and the quantitative expression
level of each of the four genes at chromosome 6q as determined
by LightCycler between 22 stage I and 11 stage IV thymomas.

Table 1. Primer sequences for four Biochip-identified genes at chromosome 6q

Forward Reverse

GPI-80 GACTCCACATGTCCTCCTAA ACATGGAAATCTTTCACCAG
B-FABP CATTCAAGAACACGGAGATT ACAAGTTTGTCTCCATCCAG
connexin 43 TGAACTTGCCTTTTCATTTT CAGTTGAGTAGGCTTGAACC
c-myb ATTCTTCATCAGCAGCATCT CTTGGGGAAATTACTCCTTT

GPI-80, glycosylphosphatidyl inositol-anchored protein 80; B-FABP, brain fatty acid
binding protein.

Table 2. Representative list of genes differentially expressed at chromosome 6 between invasive and non-
invasive thymoma

Clone ID GB Description Fold change Map

34498_at D899974 glycosylphosphatidyl 
inositol-anchored protein (GPI-80)

233.25 q23–24

39317_at D86324 CMP-N-acetylneuraminic acid hydroxylase 7.495878 p22–23
1476_s_at U22376 c-myb 6.480358 q22–23
31850_at M90656 γ-glutamylcysteine synthetase 6.405943 p12
39331_at X79535 β-tubulin 4.879784 p21.3
37561_at AL031778 nuclear transcription factor Y 3.245321 p21.3
1261_i_at M16594 glutathione S-transferase Ha subunit 2 3.153584 p12.2
38052_at M14539 factor XIII 2.995713 p25.3–24
35185_at AJ002962 fatty acid binding protein 7 2.931442 q22–23
36773_f_at M81141 MHC class II HLA-DQ β 2.797017 p21.3
32531_at X52947 connexin 43 2.71037 q21–23.2

GB, gene bank number; CMP, cytidine monophosphate.

Fig. 1. RT-PCR analysis for 4 genes at chromosome 6q in stage I ( )
and stage IV ( ) thymomas. N.S.: not significant.
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A significant difference was observed for one of the four genes.
In the 48 thymomas studied, the GPI-80/GAPDH mRNA ra-

tio was 132.568±30.908 (mean±SD). The relationship between
the gene expression of GPI-80 in thymoma and the patients’
clinicopathological factors is shown in Table 3. There was no
significant difference in the GPI-80 expression among patient
groups stratified according to age and gender. There was no
significant difference in GPI-80 expression between tumors in
patients with myasthenia gravis (142.302±200.658) and in
those without (252.384±907.296) (P=0.7469). The values of
the GPI-80/GAPDH mRNA ratio were as follows: stage I,
60.439±87.468, stage II, 143.589±423.468, stage III,
160.229±241.280 and stage IV, 706.685±1676.985. There was
a significant difference in GPI-80 expression between the stage
IV and stage I (P=0.0398). Using Spearman’s rank correlation,
there was a correlation between GPI-80 expression and
Masaoka’s stages (P=0.0206). There was no significant differ-
ence of GPI-80 expression among the World Health Organiza-
tion (WHO) classifications.

On the other hand, the values of connexin 43/GAPDH
mRNA ratio were stage I, 75.960±122.890 and stage IV,
26.721±47.571, those of FABP/GAPDH mRNA ratio were
stage I, 73.823±218.727 and stage IV, 60.295±179.141, and
those of c-myb/GAPDH mRNA ratio were stage I,
358.772±213.495 and stage IV, 410.917±552.913. There was
no significant difference in expression of these genes between
patient groups stratified according to the clinical stages of thy-
moma.

Serum level of GPI-80 using sandwich ELISA. In 33 thymomas

studied, the serum GPI-80 level was 37.912±39.814 ng/ml
(mean±SD). The relationship between the serum GPI-80 level
in thymoma and the patients’ clinicopathological factors is
shown in Table 4. There was no significant difference in serum
GPI-80 levels between the normal controls (23.736±20.016 ng/
ml) and thymoma (P=0.2208). There was no significant differ-
ence in serum GPI-80 level between patient groups stratified
according to age and gender. There was no significant differ-
ence in the serum GPI-80 level between thymoma patients with
myasthenia gravis (38.480±39.602 ng/ml) or without it
(37.810±40.574 ng/ml) (P=0.6879). The serum GPI-80 levels
were as follows: stage I, 16.879±10.484 ng/ml, stage II,
34.292±27.215 ng/ml, stage III, 32.668±18.479 ng/ml and
stage IV, 62.235±58.922 ng/ml. There was a significant differ-
ence in the serum GPI-80 level between stage IV and stage I
(P=0.0133) (Fig. 2). Using Spearman’s rank correlation, there
was a correlation between serum GPI-80 levels and Masaoka’s
stages (P=0.0161). There was no significant difference of GPI-
80 levels among the WHO classifications. The serum GPI-80
levels in myasthenia gravis patients without thymoma were not
elevated (39.455±35.082, n=9) (Fig. 2).

Although 14 cases overlapped between mRNA and protein
analyses, the correlation of the levels was only marginal
(R2=0.8409, P=0.0931). To check GPI-80 protein expression in
thymic cancer, samples from thymic cancers were tested. In
thymic cancers, the serum level of GPI-80 (30.975±18.434 ng/
ml) was not significantly different from the normal control
value.

GPI-80 protein expression by immunohistochemistry. An immu-
nohistochemical (IHC) approach was used to localize GPI-80

Table 3. Clinico-pathological data of 48 thymoma patients

Factors
GPI-80/GAPDH expression

Number (%) mRNA levels P value

Age
50 Y≤ 15 (68.8%) 455.597±1460.009 0.6550
50 Y> 33 (31.3%) 137.058±270.782

Gender
male 26 (54.2%) 343.751±1126.941 0.6550
female 22 (45.8%) 109.971±199.320

MG 
MG+ 7 (14.6%) 142.302±200.658 0.7469
MG− 41 (85.4%) 252.384±907.296

Stage
I 22 (45.8%) 60.439±87.468 IV vs. I
II 9 (18.8%) 143.589±423.468 0.0398
III 6 (12.5%) 160.229±241.280
IV 11 (22.9%) 706.685±1676.985

Pathoogical 
subtype
polygonal 32 (66.7%) 305.726±1004.390 NS
mixed 11 (22.9%) 26.699±55.518
spindle 5 (10.4%) 255.991±568.428

Lymphocyte 
infiltration
PD 23 (47.9%) 336.264±1185.532 NS
moderate 16 (33.3%) 138.406±176.613
scant 9 (18.8%) 156.480±419.290

WHO 
classification
A 5 (10.4%) 255.591±568.428 NS
AB 11 (22.9%) 26.699±55.518
B1 16 (33.3%) 477.432±1411.180
B2 11 (22.9%) 183.268±192.127
B3 5 (10.4%) 25.673±29.203

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; Y, years old;
MG, myasthenia gravis; PD, predominant; NS, not significant.

Table 4. Clinico-pathological data of 33 thymoma patients

Factors
Serum GPI-80

Number
(%)

GPI-80 levels
(ng/ml) P value

Age
50 Y≤ 7 (21.2%) 36.992±19.757 0.3326
50 Y> 26 (78.8%) 38.159±43.989

Gender
male 11 (33.3%) 29.693±23.228 0.7025
female 22 (66.7%) 42.021±45.885

MG
MG+ 5 (15.2%) 38.480±39.602 0.6879
MG− 28 (84.8%) 37.810±40.574

Stage
I 9 (27.3%) 16.879±10.484 IV vs. I
II 12 (36.4%) 34.292±27.215 0.0133
III 2 (6.1%) 32.668±18.479
IV 10 (30.3%) 62.235±58.922

Pathological
subtype
polygonal 19 (57.6%) 45.111±48.540 NS
mixed 8 (24.2%) 32.634±25.244
spindle 6 (18.2%) 22.150±15.202

Lymphocyte 
infiltration
PD 9 (27.3%) 48.046±63.171 NS
moderate 16 (48.5%) 32.708±25.804
scant 8 (24.2%) 36.919±32.616

WHO 
classification
A 6 (18.2%) 22.150±15.202 NS
AB 8 (24.2%) 32.634±25.244
B1 8 (24.2%) 51.528±66.603
B2 8 (24.2%) 36.175±25.284
B3 3 (9.1%) 51.831±53.756
Sasaki et al. Cancer Sci | September 2003 | vol. 94 | no. 9 | 811



protein expression in 30 thymomas. Thymoma cells and normal
lymphocytes were not stained, but stromal cells just surround-
ing thymoma cells were stained (Fig. 3). There was no signifi-
cant difference of GPI-80 mRNA level between GPI-80 IHC-
positive (181.458±311.811) and GPI-80 IHC-negative
(114.504±274.158) tissues (P=0.7150), although the tissues
were taken from different parts for these analyses.

Discussion

This report represents the first investigation involving the ge-
nome-wide examination of changes in gene expression at chro-
mosome 6 in clinical samples of early- and late-stage thymoma.
In our cDNA microarray analysis, we identified differentially

expressed genes. We validated the differential expression of
several of the genes identified through Biochip analysis, by
means of quantitative RT-PCR of RNA from 48 thymoma tu-
mors. We found that GPI-80 was significantly higher in inva-
sive thymoma (stage IV thymoma) than in stage I thymoma.

It has previously been shown that the GPI-80 is a possible
regulatory molecule of cell adhesion and migration.18–20) GPI-
80 protein has a high sequence homology with Vanin-1,21)

which is expressed on perivascular thymic stromal cells and is
involved in thymus homing in mice.22) There is about 60% mo-
lecular homology between GPI-80 and Vanin-1, and these two
molecules share a similar function in the sense that both may be
involved in the regulation of leukocyte trafficking. In addition,
GPI-80 may play an important role in the regulation of β2-inte-
grin-dependent adhesion.21, 23–25) Yoshitake et al. reported that
cross-linking of GPI-80 induced up-regulation of CD11b/CD18
expression on neutrophil surfaces and shedding of L-selec-
tin.26) Because an inhibitor of PI-3 kinase blocks GPI-80-medi-
ated tyrosine phosphorylation of pp34, PI-3 kinase may be
important for the activation of Src protein tyrosine kinases
(PTKs) upon cross-linking of GPI-80.20)

Human thymoma is a peculiar epithelial neoplasm in which
abnormal epithelium supports the differentiation of polyclonal
T-lymphocytes.27–30) Immunophenotypic studies have shown
that most lymphocytes in thymoma are identical to normal cor-
tical thymocytes.27–29) It has already been demonstrated by con-
ventional histology that thymomas contain lymphocytes with a
stimulated or activated appearance, and some mitoses are also
seen.27–29) However, in our study, neither mRNA nor protein
level of GPI-80 in thymoma correlated with lymphocyte infil-
tration of thymoma. Thus, we believe that expression of the
gene was not correlated with normal lymphocytes.

The exact mechanism underlying the overexpression of GPI-
80 during thymoma progression is unknown. Interestingly, GPI-
80 protein level was not elevated in thymic cancers. Overex-
pression of GPI-80 at an advanced stage might be specific to
thymoma. GPI-80 was reported to be expressed mainly on the
surface of neutrophils and, to a lesser extent, on
monocytes.21, 23) In addition, GPI-80 is found on the plasma
membranes and in the secretory vesicles of human neutrophils.
Thus, GPI-80 is a cell surface or secretory protein. Vanin-1 pro-
tein, which has a high sequence homology with GPI-80,21) is
expressed on perivascular thymic stromal cells and our immu-
nohistochemistry also showed that GPI-80 protein was ex-
pressed on stromal cells. If the stromal cells, but not the tumor
cells, are the origin of GPI overexpression, there may be no ra-
tional basis for searching for abnormalities in the chromosome
6q region. However, the overexpression of both GPI-80 mRNA
and protein in advanced thymoma and the nearly significant ex-
pression correlation between GPI-80 mRNA and protein sug-
gested that GPI-80 expression might somehow be correlated
with thymoma tumors.

We have demonstrated that in vivo subpopulations of neo-
plastic cells from multiple stages of thymoma progression can
be simultaneously screened for thousands of genes. Here, we
examined the feasibility of using Biochip high-throughput
cDNA arrays to study in vivo gene expression profiling, and we
confirmed through the use of hybridizations, RT-PCR assay us-
ing LightCycler, ELISA, and immunohistochemistry that this
approach produced valid data. We believe that this in vivo func-
tional genomic approach not only provides an evolving oppor-
tunity to rapidly and directly monitor in vivo gene expression in
human thymoma, but also promises to provide novel insights
into fundamental cancer biology. Furthermore, the application
of this approach to clinical thymoma specimens may provide a
key to rapid advances in thymoma prevention, detection, diag-
nosis, and therapeutics.

39. 455

0. 0133

MGcontrolstage IVstage IIIstage IIstage I

Fig. 2. Serum GPI-80 levels in thymoma and myasthenia gravis (MG)
patients.

Fig. 3. GPI-80 protein expression evaluated by immunohistochemistry.
GPI-80 protein expression was seen in stromal cells just surrounding the
tumor.
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