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Immunohistochemical differential diagnosis
between thymic carcinoma and type B3

thymoma: diagnostic utility of hypoxic marker,

GLUT-1, in thymic epithelial neoplasms
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There are only a few immunohistochemical markers that are useful for differentiating thymic carcinomas from
type B3 thymomas. The purpose of this study is to examine the additional markers that would be useful for
differentiating between thymic carcinoma and thymoma type B3. We performed a tissue microarray analysis of
surgically resected thymic tumor specimens from12 cases of thymic carcinoma, 7 cases of type B3 thymoma,
and 68 cases of other types of thymoma. Immunostaining using 49 antibodies was scored based on staining
intensity and the percentage of cells that stained positive. Seven proteins that were selected by the staining
scores, namely, GLUT-1 (167 vs 4), CA-IX (110 vs 15), c-kit (162 vs 44), CD5 (33 vs 0), MUC-1 (54 vs 0), CEA (42 vs 0),
and CK18 (110 vs 42), were significantly higher in the thymic carcinomas than in the type B3 thymomas. The
staining sensitivity and specificity of the antibodies for thymic carcinoma were GLUT-1, sensitivity 72% and
specificity 100%; CA-IX, 58 and 71%; c-kit, 72 and 85%; CD5, 33 and 100%; CK18, 58 and 71%; MUC-1, 25 and
100%; and CEA, 33 and 100%. Glucose transporter 1 (GLUT-1) is the best marker for thymic carcinoma because
it had the highest sensitivity and specificity. Positive immunostaining for a combination of three markers,
namely, GLUT-1, CD5, and CEA, enabled differentiation of thymic carcinoma with 91.6% sensitivity and 100%
specificity. In conclusion, we identified GLUT-1 as an additional marker that will be useful for differentiating
thymic carcinoma from type B3 thymoma, especially in biopsy specimens that have been crushed or are

otherwise difficult to examine morphologically in thymic tumors.
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The thymus is an immune-related organ, whose
network-forming epithelial cells are responsible for
immature T-cell (thymocyte) growth, development,
and differentiation. Thymic epithelial tumors are
traditionally classified as thymomas and thymic
carcinomas. Thymomas consist of neoplastic epithe-
lial cells and immature T cells intermingled in
variable proportions, whereas thymic carcinomas
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consist of tumor cells similar to carcinomas occur-
ring in other organs with infiltrating mature T cells.
However, little is known about the pathogenesis of
thymoma or thymic carcinomas.

In 1999, the World Health Organization (WHO)
published a classification of thymic epithelial
tumors that is based on the morphology of the
epithelial cells and the lymphocyte-to-epithelial cell
ratio of the tumor. Thymic epithelial tumors are
classified into five types: A, AB, B1, B2, and B3. In
type A the epithelial cells appear spindle-shaped or
oval, whereas in type B they are dendritic or plump,
and tumors that combine these two morphologies
are designated as type AB. Type B thymomas are
subdivided into subtypes B1, B2, and B3, increasing
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with the ratio of atypia in the neoplastic cells. Type
B3 thymoma was predominantly epithelial type,
with severe cellular atypia and a few immature T
cells around the tumor cells, and was considered to
be a borderline malignancy. On the other hand, all
thymic carcinomas are classified as type C thymo-
mas. In 2004, the WHO classification of thymic
tumors was revised and the term ‘type C thymoma’
was replaced by ‘thymic carcinoma.’** The validity
of this classification as a prognostic tool is a matter
of controversy, even if the preliminary studies are
encouraging. It is sometimes difficult to make the
differential diagnosis between thymoma type B3 and
thymic carcinoma histologically, especially when the
biopsy specimen is small. Although immunoreactiv-
ity for CD5 and c-kit has been reported as a useful
marker for primary thymic carcinoma, but not for
thymoma, the positive rate of CD5 and c-kit has been
reported to be limited to over 50%;*” and as not all
neoplastic cells in thymic carcinomas stain positive
for these markers,>*" it will be necessary to identify
other diagnostic markers to make the differential
diagnosis more reliable.

In this study, we used a tissue microarray with a
large panel of antibodies to identify additional
immunohistochemical markers to phenotypically
differentiate between thymic carcinomas and type
B3 thymomas.

Materials and methods

Case Selection

During the period from January 1992 to December
2006, a total of 94 patients with thymic epithelial
tumors were treated at the National Cancer Center
Hospital East, Chiba, Japan. All thymic epithelial
tumors, with a pathological diagnosis based on the
classification schema of the third edition of the WHO
classification, were reviewed, and 18 tumors were
diagnosed as type A thymoma, 27 as type B1 and 10
as type B2 thymoma, 12 as type AB thymoma, and 18
as thymic carcinoma. The six cases of thymic
carcinoma, and four cases of thymoma, for which
an adequate tissue specimen was not available for
pathological review, were excluded from the study,
leaving a total of 84 cases of thymic epithelial tumor
for review. The tumors selected for tissue microarray
analysis were: 10 cases of type A thymoma, 5 cases of
type B1 thymoma, 5 cases of type B2 thymoma, 7
cases of type B3 thymoma, and 12 cases of thymic
carcinomas. The 12 cases of thymic carcinoma
consisted of 6 cases of keratinizing carcinoma and 6
cases non-keratinizing carcinoma. Representative
figures of type B3 thymoma and thymic carcinoma
are shown in Figure 1a, b, ¢, and d.

Pathological Studies

After fixing the specimens with 10% formalin and
embedding them in paraffin, serial 4-ym sections
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were stained using hematoxylin and eosin (H&E).
The sections were reviewed by two pathologists
(MK, GI), according to the histological criteria
described in the WHO classification, and the
discrepancies were resolved by joint discussion of
the slides while viewing with a multiheaded micro-
scope. In addition to the morphological examination,
we examined the sections for the presence of
immature T thymocyte using CD99 and terminal
deoxynucleotidyl transferase immunostaining.

Construction of Tumor Tissue Microarrays

Tissue microarrays were constructed according to
the procedure described in previous reports.’***
Briefly, the most representative tumor areas were
carefully selected and marked on the H&E-stained
slide to construct the microarrays, and the tissue
microarrays were assembled using a tissue arraying
instrument (KIN-1; Azumaya, Tokyo, Japan)."™ The
microarray system consists of thin-walled stainless
steel needles approximately 2 mm in diameter, and a
stylet for transferring and removing the contents of
the needle. The assembly is held in an x-y position
guide that is manually adjusted using digital micro-
meters. Core samples are retrieved from selected
areas of donor tissue and precisely arrayed in a new
(recipient) paraffin block. Samples of the specimens
were routinely obtained by collecting two replicate
core samples of the tumor from different areas. The
normal thymus tissue and liver tissue, used as the
positive/negative control, were arrayed in sample
paraffin blocks.

Antibodies and Immunohistochemical Staining

The 49 antibodies used in this study are listed in
Table 1. Immunohistochemical staining was per-
formed according to the procedure described in a
previous report.’® Tissue microarray donor blocks
were cut into 4-um sections and mounted on silane-
coated slides. The sections were then deparaffinized
in xylene and dehydrated in a graded alcohol series,
and the endogenous peroxidase was blocked using
3% hydrogen peroxide in absolute methyl alcohol.
Heat-induced epitope retrieval was performed for
20 minutes at 95°C using a 0.02-mol/l concentration
of citrate buffer (pH 6.0). After allowing the slides to
cool at room temperature for 60 minutes, they were
rinsed with deionized water and incubated over-
night with the primary antibodies. The slides were
then washed thrice with phosphate-buffered saline
and incubated with the EnVision+ System-HRP
(Dako, Glostrup, Denmark). The reaction products
were stained using diaminobenzidine and counter-
stained using hematoxylin. Some antibodies
(Table 1) were used in an automated immunostainer
(Ventana Medical Systems, Tucson, AZ, USA) after
antigen retrieval by microwave heating and using
citrate buffer. Immunostaining was recorded as
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Figure 1 Preparation of tissue microarray using hematoxylin and eosin stain. (a) Histological features of type B3 thymoma.
(b) Histological features of thymic carcinoma. (c) Histological features of type B3 thymoma (higher magnification). Severe cellular atypia
with conspicuous nucleoli and a few immature T cells around the tumor cells are seen. (d) Histological features of thymic carcinoma

(higher magnification).

positive when more than 20% of the cancer cells
exhibited intermediate or strong staining (staining
intensity =2, 3).

Immunohistochemical Scoring and Criteria for
Positive Staining

The tissue sections were semiquantitatively scored
separately for membranous and cytoplasmic stain-
ing by light microscopy. Staining scores were
calculated by multiplying the percentage of positive
tumor cells per slide (0-100%) by the predominant
level of staining intensity: 0=negative, 1=weak,
2 =intermediate, and 3 =strong. Possible scores
ranged from O to 300. The scores of two stained
samples were averaged, and the result was recorded

as score for that tumor. The staining scores obtained
for the two samples from the same specimen were
calculated. If one sample was lost, the staining score
was calculated from the data for the remaining
sample alone.

Statistical Analysis

The prism statistical software package (GraphPad
Software, San Diego, CA, USA) was used to perform
the statistical analyses. The correlations between the
thymic carcinoma group and the thymoma group,
and the results of immunohistochemical staining
were evaluated by the y*test or Fisher’s exact test,
as appropriate. P-values <0.05 were considered
significant.
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Table 1 Used antibodies list
Classification/antibody Clone Pretreatment Dilution Source
Cytokeratins

CK1 34/B4 Microwave 1:20 Novocastra, Newcastle upon Tyne, England

CK4 6B10 Microwave 1:100 Novocastra

CK5/6 D5/16 B4 Microwave 1:50 Dako Cytomation, Carpinteria, CA, USA

CK7 OV-TL 12/30 Microwave 1:50 Dako Cytomation

CKs8 TS1 Microwave 1:50 Novocastra

CK10 LHP1 Microwave 1:50 Novocastra

CK13 KS-1A3 Microwave 1:100 Novocastra

CK14 CKB1 Microwave 1:20 Sigma-Aldrich, St Louis, MO, USA

CK15 LHK15 Microwave 1:40 Novocastra

CK17 E3 Microwave 1:20 Dako Cytomation

CK18 DC10 Microwave 1:25 Dako Cytomation

CK19 RCK108 Microwave 1:50 Dako Cytomation

CK20 Ks20.8 Microwave 1:25 Dako Cytomation
Cytoskeletal-associated markers

S-100 Polyclonal Microwave Prediluted Ventana Medical Systems, Tucson, AZ, USA

Vimentin 3B4 Microwave Prediluted Ventana Medical Systems
Drug-resistant gene products

ERCC-1 8F1 Autoclave 1:200 Labvision, CA, USA
Apoptosis-associated proteins

bcl-2 124 Microwave 1:40 Dako Cytomation

P53 Polyclonal Microwave 1:1000 Nichirei Biosciences, Japan

P63 A4A Microwave 1:200 Dako Cytomation
Growth factors and hormone receptors

EGFR 113 Microwave 1:10 Novocastra

c-erbB-2 CB11 Microwave Prediluted Ventana Medical Systems

IGFR 24-31 Microwave 1:100 Chemicon, Temecula, CA, USA

c-kit Polyclonal Microwave 1:50 Dako Cytomation

PgR 1A6 Microwave Prediluted Ventana Medical Systems

ER 6F11 Microwave Prediluted Ventana Medical Systems

AR AR441 Microwave 1:50 Dako Cytomation

PDGFRp PR7212 Microwave 1:100 R&D System, Minneapolis, MN, USA
Adhesion molecules

p-catenin 14 Microwave 1:200 Becton Dickinson Biosciences

E-cadherin 36 Microwave 1:100 Becton Dickinson Biosciences

CEA CEMO010 Microwave 1:200 Mochida, Takara Bio, Otsu, Japan

CD56 NCC-Lu-243 Microwave 1:25 Nippon Kayaku, Tokyo, Japan

CD29 7F10 Microwave 1:20 Novocastra

CD44 DF1485 Microwave 1:40 Novocastra
Cluster differential markers

CD5 SP19 Microwave Prediluted Ventana Medical Systems

CD10 56C6 Microwave 1:20 Dako Cytomation

CD15 BY87 Microwave Prediluted Ventana Medical Systems

CD20 L26 Microwave Prediluted Ventana Medical Systems

CD30 Ber-H2 Microwave Prediluted Ventana Medical Systems

CD133 AC133 Microwave 1200 Miltenyi Biotec GmbH,

Bergisch-Gladbach, Germany

Mucin-related proteins

Muc-1 Ma695 Microwave 1:100 Novocastra

Muc-2 Ccp58 Microwave 1:100 Novocastra

Muc-5 AC CLH2 Microwave 1:50 Novocastra

Muc-6 CLH5 Microwave 1:50 Novocastra

M-CCMC-1 HIK1083 Microwave 1:10 Kanto Chemical, Tokyo, Japan
Mesothelium-associated markers

D2-40 D2-40 Microwave 1:100 Signet laboratories

Calretinin Polyclonal Microwave 1:100 Zymed
Hypoxic markers

GULT-1 Polyclonal Microwave 1:200 Thermo Fisher Scientific, CA, USA

CA-IX Polyclonal Microwave 1:150 Santa Cruz, Santa Cruz, CA, USA
Extracellular matrix

Laminin-5 P3H9-2 Microwave 1:100 R&D System

MODERN PATHOLOGY (2009) 22, 1341-1350



Table 2 The average of staining scores in thymomas and thymic
carcinoma

Thymic carcinoma and type B3 thymoma

M Kojika et al

Table 3 Staining score of type B3 thymoma and thymic
carcinoma

Histology Antibody B3 vs Ca P-value
Antibodies A Bi1,2 B3 Carcinoma CK18 42 vs 110 0.0460
GULT-1 4 vs 167 <0.0001
Cytokeratins CA-IX 15 vs 110 0.0099
CK1 000 0+00 1401 1£01 c-kit 44 vs 162 0.0056
CK4 55 %09 5712 116+ 14 105+12 CD5 0 vs 33 <0.0001
CK5/6 233+£20  156+26  248%20 250 + 22 MUC-1 0 vs 54 <0.0001
CK7 123 %35 33£18 73+27 4519 CEA 0 vs 42 <0.0001
CK8 10528 11328  108%37 94119
CK10 0£00 0£00 000 0£00
CK13 17 £08 505 10927 52£16
CK14 60 £ 20 14109 85144 63£15 R I
CK15 1401 3+02  122+42 44+15 esults
CK17 8427  50£13 50£18 137 %24
CK18 20+ 05 0400 42493 110+ 19 Staining Scores for the Thymic Carcinomas and
CK19 23231  249%21  231%28 180£27 Thymomas
CK20 1£01 0£00 0£00 000
Cluster differential markers The thymic carcinoma and thymoma scores for
CDs 0+ 00 0+ 00 0+ 00 33+18 staining witl} eagh antibody are summarized in
CD10 6+ 04 3103 0£00 42129 Table 2. Antibodies whose staining score showed
gg;g 15; f4g 13 f 88 8 f gg 48 f (2)[1) the statistical differences between thymic carcinoma
12£1 13+ t t ;
D30 0400 0100 0+00 0100 and type B3 thymoma were shown in Table 3.
CD117 (c-kit) 2100 8100 44100 162 £ 00
CD133 0£00 000 000 0£00
Adhesion molecules Cytokeratins
g‘caé‘ilmr} 2;}1 : ;(1) 1513;3 : ;g 1:3 : ;g ;;g £ 13 Of the 13 cytokeratins tested, the thymic carcinoma
-ca erin T T T T o . . . e .
CD56 2401 0+00 0+00 10+ 07 scores for CK18 staining were significantly higher
CD29 290+07 25519  198+25 233+ 21 (Figure 2a) than the thymoma type B3 scores
CD44 34+05  103%16 88+ 16 150 £33 (P=0.0460). The average staining score of thymic
+ + + + .
CEA 000 000 000 42225 carcinomas was 110, as opposed to 42 for type B3
Cytoskeletal-associated markers thymomas. The average staining score for CK17 was
\3]j100 ) 3f03 13f05 11 f04 28?2 137 in the thymic carcinomas and 50 in type B3
imentin 2429 M7E19 3421 30217 thymomas, and the difference was significant
Apoptosis-associated proteins (P=0.0118). However, the average staining score of
E‘glf 162 £ mo B fgi 4}1?2’(1) 192 £ 3 type A, and type B1, B2 thymomas were 84 and 50;
P63 912422  117+26  220+21 2937 %18 and the statistical difference between the type A
thymomas and thymic carcinomas was not signifi-
Gfggfﬁfacfors and ?;ZT%G Teceé’é‘fsls 196410 124419 cant (P=0.1627). No significant differences between
c-orbB-2 000 000 000 000 the thymic carcinomas and type B3 thymomas in the
PDGFRf 0£00 9409 9409 12+ 08 expression of the other cytokeratins were found.
IGFR 18836 17128  223%39 197 £27
PgR 000 000 1101 000
ER 000 0£00 6+ 06 0£00
AR 0100 18+£18 1101 0%00 Hypoxja-re]ated markers
Drug-resistant gene products e scores of the mic carcinomas staining for
Th f the th t fi
ERCC-1 19408 45124 59+ 25 29+ 15 glucose transporter 1 (GLUT-1) and carbonic anhy-
Mucin-related proteins rase - were significan igher. e
] d IX (CA-IX ficantly higher. Th
Muc-1 0400 0400 0400 54400 GLUT-1 was unequivocally expressed in the mem-
Muc-2 19100 0£00 000 000 brane and cytoplasmic staining in the tumor cells.
Muc-g gfgg ‘1] fgg 8 fgg g fgg The GLUT-1 staining pattern of the thymic carcino-
uc- xT T T T . oy .
M-CCMC-1 0100 000 000 000 mas tended to be more intensely positive in the
central area (arrow) of tumor nests than in the
Mesothelium-associated markers peripheral area (arrow head) (Figure 2b, c). The
i + + + + A :
ggﬂggﬁ‘:‘;n 1; s 851, 3(1) T (z)g gi s ii 68 T (3)(3) average staining score for GLUT-1 was 167 in the
- h h - thymic carcinomas and 4 in the type B3 thymomas,
Hypoxic markers and the difference was significant (P<0.0001).
gﬁﬁ%‘l (7’ f 8(7’ 8 f 88 12 f (1); 1(13(7’ f 3(3’ The CA-IX showed membrane and cytoplasmic
| - - - - staining in the tumor cells. (Figure 2d). The average
Extracellular matrix staining score for CA-IX was 110 in the thymic
Laminin-5 7+07 0£00 0£00 12407 carcinomas and 15 in the type B3 thymomas, and

the difference was significant (P=0.0099).
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Cluster differential markers

The average staining score for c-kit (CD117) was 162
in the thymic carcinomas and 44 in the type B3
thymomas, and the difference was significant
(P<0.0056) (Figure 2e). The average staining score
for CD5 was 33 in the thymic carcinomas (Figure 2f)
and 0 in all of the types of thymomas, and the
difference was statistically significant between
thymic carcinomas and all types of thymomas
(P<0.0001).

Mucin-related proteins and adhesion molecules

The average staining score for MUC-1 was 54 in the
thymic carcinomas and 0 in the type B3 thymomas,
and the average staining score for CEA was 42 in
thymic carcinomas and 0 in the type B3 thymomas.
The scores for both MUC-1 and CEA were the
significantly higher in the thymic carcinomas than in
all of the types of thymomas (P<0.0001) (Figure 2g, h).

Mesothelium-associated markers

Podoplanin was mainly expressed on the membra-
nous reaction of the tumor cells in the type B3
thymomas and in one case of type B2 thymoma. The
average staining score for podoplanin was 87 in the
type B3 thymomas, whereas the staining score was 0
in every case of thymic carcinoma, and the differ-
ence was significant (P<0.0001). The average stain-
ing score for calretinin was 60 in the thymic
carcinomas and 21 in type B3 thymoma, but the
difference was not significant.

Other antibodies

We evaluated the expression of 42 other biological
markers, but no differences in expression were
found between the thymic carcinomas and type B3
thymomas.

Sensitivity and Specificity of Positive Inmunostaining
for GLUT-1, CA-IX, c-kit, CD5, CK18, MUC-1, and CEA
for Thymic Carcinoma

We then evaluated the sensitivity and specificity of
positive immunostaining for these seven markers in
thymic carcinoma, and the results are shown in
Table 4. GLUT-1, CD5, MUC-1, and CEA showed
100% specificity for thymic carcinoma, and GLUT-
1, CA-IX, c-kit, and CK18 displayed higher sensitiv-
ity. The GLUT-1 showed the highest sensitivity and
specificity in these seven markers.

We selected the four markers whose positive
immunohistochemical staining showed 100% spe-
cificity for thymic carcinoma: GLUT-1, CD5, MUC-1,
and CEA, and validated their immunoreactivity in
12 cases of the thymic carcinoma (Table 5). A total of
8 of the 12 cases of thymic carcinoma were GLUT-1
positive, and 11 cases were positive for GLUT-1,
CDs5, and/or CEA. Case no. 9 did not show reactivity
for any markers. Immunostaining of a combination
of three markers, GLUT-1, CD5, and CEA, yielded
91.6% sensitivity and 100% specificity for thymic
carcinoma.

Discussion

The results of this study showed that the seven
markers selected, that is, GLUT-1, CA-IX, c-kit, CD5,
MUC-1, CEA, and CK18, were useful for differentiat-
ing between type B3 thymoma and thymic carcino-
ma. Two of these markers, c-kit and CD5, have
already been shown in many publications.**7%2
Among these ‘positive’ thymic carcinoma markers
identified in the current study, GLUT-1 may be one
of the best markers for diagnosing thymic carcinoma
for the following reasons. First, GLUT-1 is the
marker, which showed the highest sensitivity and
specificity for thymic carcinoma (Table 4). The
results of this study showed that 72.7% of the
thymic carcinoma stained positive for GLUT-1 as
opposed to 0% of the type B3 thymoma. The
staining pattern in thymic carcinoma tended to
more intense in the central area of the tumor nests
than in the peripheral area (Figure 2b). The average
staining score for GLUT-1 (167 + 23) was high, and
much higher than that for CD5 (33 £ 18), which is a
well-known thymic carcinoma marker.

Glucose transporter 1 is thought to be a possible
intrinsic marker of hypoxia, and the expression of
GLUT-1 has been found to be regulated by hypoxia
in a HIF-1-dependent way."®"”

Glucose transporter 1 is one of 14 members of the
mammalian facilitative glucose transporter (GLUT)
family of passive carriers that function as an energy-
independent system for transport of glucose down a
concentration gradient.'®"® GLUT-1 is expressed in a
variety of carcinomas, including carcinoma of the
breast, head and neck, ovary, renal cell carcinoma,
lung, and malignant pleural mesothelioma.?*->°
Positron emission tomography (PET) imaging
using [18F]2-fluoro-2-deoxy-D-glucose (FDG) has

>

Figure 2 Results of immunostaining for CK18, GLUT-1, CA-IX, c-kit, CD5, MUGC-1, and CEA in thymic carcinoma. (a) CK18
immunostaining in a thymic carcinoma with a staining score of 120 (positive cells, 60%; staining intensity, 2 +). (b) and (¢) GLUT-1
immunostaining in a thymic carcinoma with a staining score of 210 (positive cells, 70%; staining intensity, 3+). (d) CA-IX
immunostaining in a thymic carcinoma with a staining score of 120 (positive cells, 60%; staining intensity, 2+). (e) c-kit
immunostaining in a thymic carcinoma with a staining score of 210 (positive cells, 70%; staining intensity, 3 +). (f) CD5 immunostaining
in a thymic carcinoma with a staining score of 80 (positive cells, 40%; staining intensity, 2+ ). (g§) MUC-1 immunostaining in a thymic
carcinoma with a staining score of 60 (positive cells, 30%; staining intensity, 2 +), and (h) CEA immunostaining in a thymic carcinoma
with a staining score of 60 (positive cells, 30%; staining intensity, 2 +).
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the potential value of delineating viable tumor
tissue on the basis of increased glucose metabolism
with the tumor.?”~*° Sasaki et al** found that FDG-
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PET can be used to differentiate benign thymic
tumors from thymic carcinoma. In view of previous
reports of a correlation between the FDG-PET
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Table 4 Sensitivity and specificity for thymic carcinoma

Antibody Sensitivity (positive ratio) (%) Specificity (%)
CK18 58 71
GLUT-1 72 100
CA-IX 58 71
c-kit 72 85
CD5 33 100
MUC-1 33 100
CEA 25 100

Table 5 Immunostaining result of GLUT-1, CD5, CEA, and
MUC-1 in each thymic carcinoma case

Antibody
Case GLUT-1 CD5 CEA MUC-1 Combination of
three markers®
1 - + - - +
2 + - - +
3 + - + +
4 + - - - +
5 + + - - +
6 - - + - +
7 + + + - +
8 + - — + +
9 — — — — —
10 NA + - + +
11 + - +
12 + - + + +

NA, not available.
#Combination of three markers: GLUT-1 and/or CD5 and/or CEA.

findings and GLUT-1 staining, our findings might be
consistent with the results of the immunohisto-
chemical staining in the present study.

Immunostaining for CA-IX,'®*? another hypoxic
marker and a major downstream target of HIF-1a,
was also significantly stronger in the thymic
carcinomas (staining score: 110), the same as
immunostaining for GLUT-1, but its specificity was
lower (58% of thymic carcinomas and 28% of type
B3 thymomas stained positive for CA-IX).

The fact that the CA-IX score in other types of
thymomas was 0, suggests that a hypoxic micro-
environment is a specific characteristic of thymic
carcinomas as compared with thymomas.

MUC-1 and CEA showed 100% sensitivity for
thymic carcinoma. Both markers might be suitable
for making the differential diagnosis, but only 33.3
and 25.0%, respectively, of the thymic carcinoma
stained positive and the staining scores were lower
than for GLUT-1. In view of these low staining
scores, these markers alone may not be suitable for
use in small biopsy specimens, such as those
obtained by needle biopsy.

Previous studies reported CD5-positive rates of
50-100%,%%'** however, our study shows the

MODERN PATHOLOGY (2009) 22, 1341-1350

lower CD5-positive rate (33%). This would be
explained by a smaller tissue of tissue microarray.
c-kit (CD117) has been reported to be a useful
marker for the diagnosis of thymic carcinoma.®>®
Previous studies reported positive immunoreactiv-
ity for c-kit in 65-91% of thymic carcinomas, as
opposed to 0-5% of thymoma.>?%*3* In our study,
staining for c-kit was only focally weakly positive in
2 of the 7 cases of type B3 thymoma, and was more
extensively expressed in 8 of the 11 cases of thymic
carcinoma.

The staining score for CK18 was significantly
higher in the thymic carcinomas, consistent with a
previous report.*® Fukai et al showed that CK18 was
expressed to a greater extent on the epithelium of
thymic carcinomas than on the epithelium of
thymomas, including types A, B1, B2, and AB. In
their study, although thymic carcinoma shows 33%
of diffuse-positive staining reaction of tumor cells
with CK18, but none of the types of thymoma show
the diffuse reaction. They suggested that the CK18-
positive epithelial cells in thymomas may transform
into thymic carcinoma cells under certain condi-
tions.

Podoplanin is expressed in normal tissue, includ-
ing lymphatic endothelium and mesothelium, and
in neoplasms, including pulmonary squamous cell
carcinomas and malignant mesothelioma.***” In this
study, 57.1% of the type B3 thymomas stained
positive for podoplanin, whereas none of the thymic
carcinomas reacted with the antibody. This finding
is very interesting, and an analysis after accumula-
tion of additional cases is necessary.

When it is difficult to make the differential
diagnosis with a single antibody, it is helpful to
use a combination of antibodies.'®*® In this
study, combined use of the three antibodies that
yielded 100% specificity for thymic carcinoma, that
is, the antibodies for GLUT-1, CD5, and CEA,
provided 91.6% sensitivity. Thus, combined use of
these three antibodies should be useful for differ-
entiating between thymic carcinoma and type B3
thymoma in biopsy specimens that have been
crushed or are otherwise difficult to examine
morphologically.

In conclusion, we found that immunostaining for
GLUT-1, CA-IX, c-kit, CD5, CK18, MUC-1, and CEA
enables differential diagnosis between thymic carci-
noma and thymoma type B3. The combination of
positive immunostaining for GLUT-1, CD5, and CEA
yielded 91.6% sensitivity and 100% specificity for
thymic carcinoma. A prospective study of a larger
number of cases is required to define the expression
of these molecules more precisely in order to enable
pathologists to reliably differentiate between thymic
carcinoma and type B3 thymoma.
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