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Demonnstration ofPhenotypic Abnormalities of
Thymic Epithelium in Thymoma Including Two
Cases with Abundant Langerhans Cells
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A panel ofmonoclonal antibodies that phenotypically
define stages ofnormal human thymic epithelial (TE)
cell maturation was used to compare thymic epithe-
lium of nine thymomas with hyperplastic thymic epi-
thelium in myasthenia gravis (MG) and thymic epithe-
lium ofnormal thymuses. It has been shown previously
that normal thymic epithelial cells express antigens of
early TE cell maturation (A2B5, TE-4) throughout
thymic ontogeny and acquire antigens 12/1 - 2, TE8,
and TE-15 at 14 to 16 weeks of fetal gestation. Hyper-
plastic MG thymic epithelial cells expressed TE anti-
gens in phenotypic patterns similar to that seen in nor-
mal postnatal thymus, ie, TE in subcapsular cortex and
medulla was TE4+, A2B5+, and 12/1 - 2+ and Has-
sall's bodies were reactive with antibodies TE8 and
TE15. In contrast, thymic epithelium in primary me-
diastinal thymomas was TE4+, A2B5+, TE8-,
and greater than 75% of thymoma epithelium was

THE THYMIC MICROENVIRONMENT is a
complex specialized tissue that promotes T cell
maturation by direct cell-cell contact and by
secretion of thymic hormones." 2 Thymomas are a
heterogeneous group of malignancies that arise in
the anterior mediastinum and are composed of both
epithelial cells and lymphocytes. Although in many
thymomas the nature of the neoplastic cell is not
known, it is thought to be derived from thymic
epithelium.3'4
A panel of monoclonal reagents raised against hu-

man thymic epithelium has been developed that iden-
tifies distinct subsets of normal thymic epithelium. '6
Moreover, it has been demonstrated that these re-
agents phenotypically define discrete stages ofthymic
epithelial cell maturation.5'6
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12/1 - 2-, a thymic epithelial phenotype similar to
that seen on normal fetal thymic epithelium at 14 to
16 weeks fetal gestation. In one subject with a mature
epithelial histologic pattern, thymoma epithelium was
found to be strongly TE8+, a phenotype suggestive of
a later stage ofTE maturation. Lymphocytes in five of
seven thymomas with immature thymic epithelial
cells predominately expressed immature thymocyte
phenotype while two thymomas with immature epi-
thelial phenotype showed a predominance of Langer-
hans cells and surrounding lymphocytes expressing a
mature phenotype. Lymphocytes in the thymoma with
differentiated epithelial cells expressed a mature thy-
mocyte phenotype. Thus, in thymomas ofvarying his-
tologic types, phenotypic abnormalities ofthymic epi-
thelium are present; these phenotypic abnormalities
may reflect abnormal thymic epithelial maturation.
(AmJ Pathol 1988, 132:552-562)

This study uses the panel ofmonoclonal antibodies
directed against human thymic epithelium as well as
monoclonal antibodies recognizing T cell differentia-
tion antigens as probes to study thymic epithelial mat-
uration and intrathymic T cell maturation in thymo-
mas. Phenotypic abnormalities of thymic epithelium
were found in eight of nine thymomas studied. Seven
thymomas expressed thymic epithelial markers sim-
ilar to those seen in 14 to 16 week fetal thymuses,
while one thymoma expressed thymic epithelial anti-
gens normally found only on terminally differentiated
thymic epithelial cells (Hassall's bodies).
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Table 1 -Clinical Features of Thymoma Patients

Presenting Radiographic Weight of
Patient no. Age/sex symptoms findings tumor (gm) Histology

1 45/M Myasthenia gravis Anterior mediastinal 200 Lymphocyte predominance with oocasional abortive
mass HB, extending into adjacent lung

2 70/M Myasthenia gratis Anterior mediastinal 102 Lymphocyte predominance
x 21 years mass

3 67/M Persistent cough Anterior mediastinal 900 Mixed population of lymphocytes and immature
mass epithelial cells

4 61/F Myasthenia gravis Anterior mediastinal NA Mixed population of lymphocytes and immature
mass epithelial cells

5 41/M Myasthenia gravis Anterior mediastinal 80 Immature epithelial cell predominance
mass

6 47/M Asymptomatic incidental Normal chest x-ray 135 Immature epithelial cell predominance
finding at thoractomy
for cardiac surgery

7 52/M Myasthenia gravis Anterior mediastinal 86 Immature epithelial cell predominance extending into
mass adjacent lung with abundant Langerhans cell

8 61/M Asymptomatic incidental Anterior mediastinal 130 Immature epithelial cell predominance with abundant
finding on chest x-ray mass Langerhans cells

9 43/F Persistent cough Superior middle 63 Mature epithelial cell predominance with occasional
mediastinal mass keratin deposit

Materials and Methods

Thymus and Thymoma Tissue

Portions of thymomas were obtained from the De-
partment of Pathology, Duke Hospital, from nine pa-
tients undergoing therapeutic or diagnostic thoracot-
omy for mediastinal masses or myasthenia gravis. The
clinical characteristics and thymoma histology are

shown in Table 1. Thymomas were defined as tumors
of the thymus gland composed of lymphoid and epi-
thelial cells in varying proportions according to the
criteria of Rosai and Levine.7 The thymomas were

morphologically subclassified on the basis of the rela-
tive amounts oflymphoid and epithelial cells and the
state ofmaturity ofthe latter. Using these criteria, four
categories were identified: lymphocyte-predomi-
nant type; mixed lymphocyte-immature epithelial
cell type; immature epithelial cell predominant type;
and mature epithelial cell type. Hyperplastic thymus
was defined as lymphoid hyperplasia of thymus with
the presence ofgerminal centers.7
Thymocyte single cell suspensions were prepared

and characterized by a panel of monoclonal antibod-
ies to T cell differentiation antigens as described pre-
viously.8
Four-micron frozen sections of eight normal thy-

muses, four hyperplastic MG thymuses, and nine thy-
moma specimens were assayed for reactivity with sat-
urating amounts ofmonoclonal antibodies in indirect
immunofluorescence assay as described in detail.9
The panel of monoclonal antibodies directed

against T cell differentiation antigens included anti-
bodies 35.1 (CD2) which defines the sheep erythro-
cyte rosette receptor,'0 3A1 (CD7) a pan T cell

marker," anti-p80 (A1G3) against mature medullary
thymocytes,12 and NA 1/34 (CD 1) against the T6 anti-
gen on cortical thymocytes.'3 Medullary thymocytes
strongly express the p80 antigen and cortical thymo-
cytes weakly express the p80 antigen.12 In this paper,
weak reactivity ofanti-p80 was scored as negative and
strong reactivity of anti-p80 was scored as positive.
The antigens defined by Leu 3a (CD4) (anti-T4) and
Leu 2a (CD8) (anti-T8) are found on virtually all cor-
tical thymocytes and on subsets of medullary thymo-
cytes and peripheral blood T lymphocytes.'4 WT31
against a common determinant of the alpha or beta
chain ofthe T cell receptor for antigen defines mature
T lymphocytes and was the gift of Dr. Wil Tax.'5

Figure IA-Phenotypic characterization of epithelial zones of human thy-
mus. The four categories of reagents used in this study represented in this
figure are: A-antibody TE7 identifies mesodermal-derived fibrous capsule,
lobular septae and vessels; B-antibodies TE4, A2B5, and 12/1 - 2 identify
ectodermally-derived epithelium of thymus subcapsular cortex and medulla;
C-antibody TE3 identifies endodermally-derived epithelium of cortex; and
D-antibodies TE8 and TE15 selectively identify terminally differentiated
medullary thymic epithelial cells in Hassall's bodies (adapted from refer-
ence 2).

Q& - HASSALL'S BODY (TE-8,TE-15)
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Figure IB-Monoclonal antibody-defined regions of normal human postnatal thymus in indirect immunofluorescence assay using thymus tissue sections.
A-antibody A2B5 identifies epithelium in the subcapsular cortex (SCC), but not in the inner cortex (COR). B-identical thymic region to that in panel A
reacting in double immunofluorescent assay with antibody TE7 that reciprocally identifies fibrous stroma in the capsule (C) and lobular septum, and vessels
(V), but does not react with A2B5+ thymic epithelium in the subcapsular cortex (SCC). C-antibody A2B5 identifies medullary thymic epithelium in the thymic
medulla. D-antibody TE3 reacts with inner cortical epithelium (open arrow) and TE3 positive macrophages (closed arrows) but not with medullary thymic
epithelium. H in panels C and D denotes Hassall's bodies. 400x

Monoclonal antibody BAl binds to mature B cells.'6
Anti-S100 antibody (Dako Corporation, Santa Bar-
bara, CA) reacts with Langerhans cells.'7
The panel of monoclonal antibodies directed

against thymic stroma (Table 2) included monoclonal
antibodies A2B5 and TE4 that define thymic hor-
mone-containing thymic epithelial cells in the sub-
capsular cortex and medulla.5'8"9 Monoclonal anti-
body 12/1 - 2 was raised against the human T cell
leukemia virus (HTLV) structural protein p19, and
has been found to react with low molecular weight
keratins of non-HTLV infected, thymic hormone-
containing thymic epithelial cells.20 Whereas A2B5
and TE-4 antigens are conserved in ontogeny on
thymic epithelium beginning at 7 weeks fetal gesta-
tion, antibody 12/1 - 2 reactivity is acquired on fetal
thymic epithelium beginning at 15 weeks fetal gesta-
tion,20 with all TE5+, A2B5+ thymic epithelium re-
active with antibody 12/1 - 2 by 36 months postna-
tally.20 Thus, antibody 12/1 - 2 provides a unique
marker for stages of thymic epithelial maturation.2'
Antibody TE3 reactivity is acquired in thymus at 10
weeks fetal gestation and binds to an intracellular an-

tigen in cortical but not medullary thymic epithe-
lium.2' Antibody TE7 defines mesodermal-derived
thymic stroma, which includes the thymic capsule, in-
terlobular septae, and vessels.5 Antibodies TE8 and
TE 15 react with thymic Hassall's bodies and have
been shown previously to be markers of terminal
differentiation of keratinized epithelium in skin and
thymus.6

AE- 1 and AE-3 are monoclonal antibodies to
human epidermal keratins and were the generous
gift of Dr. T. T. Sun, New York University, New
York, NY.25 Antibody AE 1 identifies basal epider-
mal cells in skin and in thymus reacts with medul-
lary thymic epithelium and Hassall's bodies. AE-3
reacts with all layers of epidermal keratinocytes in
skin and in thymus reacts with medullary thymic
epithelium and Hassall's bodies. Polyclonal anti-
thymosin a 1 antibody was the generous gift of Dr.
Allan Goldstein, George Washington University,
Washington, D.C. Antibody EGFR-1 recognizes
the human epidermal growth factor (EGF) recep-
tor and was the gift of Dr. Peter Goodfellow (Ox-
ford, England).26
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Figure 2-H & E-stained light micrographs of histologic types of thymoma. A-Thymoma with lymphocyte predominance x250 (patient no. 1). The
majority of cells seen are small round lymphocytes. B-Thymoma with mixed population of lymphocytes and epithelial cells (patient no. 3). x400 The
cells with the small round darker staining nuclei are lymphocytes, the cells with the paler staining polymorphous nuclei are immature epithelial cells. C-
Thymoma with immature epithelial cell predominance (patient no. 6). X250 To the left of the photomicrograph is an area of small round lymphocytes while the
remainder are immature epithelial cells. D-Thymoma with mature epithelial cell predominance (patient no. 9). x250 Pictured are areas containing fibrous
septum, lymphocytes and mature epithelial cells. The epithelial cells manifest a squamous appearance.

Results

Phenotypic Characterization and Structure of
Thymic Epithelial and Lymphoid Components in
Normal Thymus

Anatomically, the normal human thymus can be
divided into four regions: the fibrous capsule and in-
terlobular septae, the subcapsular cortex, the inner
cortex, and the medulla. Figure 1A demonstrates
schematically the phenotypic characterization of
these thymic regions from our previous work of the
study ofnormal postnatal thymuses.2 5'6'20'2' Antibody
TE7 defines the fibrous capsule vessels and interlobu-
lar septae while antibodies A2B5 and TE4 defines
thymic epithelium in the subcapsular cortex and me-
dulla.5 Antibody TE-3 defines the cortical epithelial
component ofthymus.21 It has been shown previously
that normal A2B5+, TE4+ medullary thymic epithe-
lial cells form TE4 negative Hassall's bodies, and in
doing so acquire antigens defined by monoclonal anti-
bodies TE8 and TEl5.2>24 Antibody 12/1 - 2 de-
fines a keratin antigen that is acquired in TE4+/

A2B5+ subcapsular cortical and medullary TE cells
beginning at 14 to 16 weeks of fetal gestation with foci
of subcapsular cortical TE cells becoming 12/1
- 2+.20 By 36 weeks after birth, all TE4+/A2B5+ TE
cells are 12/1 - 2+.2o

Thus, this panel of monoclonal antibodies defines
ordered zones ofnormal thymus lobules (Figure l B).2
This panel of reagents was then used to study the phe-
notype of epithelium in four hyperplastic MG thy-
muses and nine thymomas.

Phenotypic Characterization and Structure of
Thymic Epithelial and Lymphoid Components in
Hyperplastic Myasthenia Gravis Thymus

Like normal thymuses, MG hyperplastic thymuses
were organized into cortical and medullary zones. As
previously reported, MG thymic epithelium in the
subcapsular cortex and medulla was TE4+, A2B5+
and AE - 1+.27 Additionally, like normal adult thy-
mus, all TE - 4+ epithelium was 12/1 - 2+. Formed
Hassall's bodies were present throughout the medul-
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Table 2-Monoclonal Antibodies Against Thymic Stroma

Monoclonal
antibody Reactivity Reference

A2B5 Medullary and subcapsular cortical 17
thymic epithelium

TE4 Thymosin a-1 containing thymic 5
epithelium conserved throughout
thymic ontogeny

TE3 Cortical thymic epithelium 19
12/1 - 2 Antigen on keratin of thymic epithelium 18

acquired in thymuses at 16 weeks
fetal gestation

TE7 Nonepithelial thymic stroma 5
TE8 Hassall's bodies 6
TE15 Hassall's bodies 6

lary portion ofhyperplastic MG thymuses and reacted
with antibodies TE8 and TE 1527 (not shown).

It has been reported previously that analysis of the
lymphoid component in frozen tissue sections ofMG
thymuses demonstrated, like normal thymocytes, cor-

tical MG thymocytes were T6+ p80- while medul-
lary thymocytes were T6- p80+.27 In addition, the
authors and others have described an expansion of
medullary (p80+) thymocytes in MG.2729

Phenotypic Characterization of Thymic Epithelial
Components in Thymoma Tissue

Hematoxylin and eosin stained micrographs of his-
tologic types ofthymoma studied are shown in Figure
2. The phenotypic characterization of the epithelial
components of nine thymomas revealed marked
differences in the thymoma tissue as compared with
normal or MG thymus. Like normal thymus, all thy-
momas contained epithelium that was TE4+ and
A2B5+ (Table 3). In addition, all TE4+ thymic epi-
thelial areas in thymoma contained thymosin a 1 by

indirect immunofluorescence assays (Figures 3B, 3G).
Unlike normal thymus, the TE4+ thymic epithelium
in thymomas was distributed homogeneously through
the entire thymoma tissue with loss ofthe normal sub-
capsular cortex-medullary distribution (Figure 3B).
Interestingly, unlike normal adult thymuses wherein
all TE4+ epithelium was 12/1 - 2+, in eight of nine
cases, only a minor subset or none of the TE4+
thymic epithelial cells were 12/1 - 2+ (Figure 3E). In
four of nine mediastinal thymomas all TE4+ epithe-
lium was completely nonreactive with 12/1 - 2, and
in four of nine cases antibody 12/1 - 2 reacted with
less than 25% ofthe TE4+ epithelial component (Ta-
ble 3). In one case (no. 7) normal thymus tissue was
available for analysis along with thymoma tissue.
Whereas the thymoma tissue was 12/1 - 2-, normal
TE4+ TE cells were all 12/1 - 2+ (not shown). Since
all thymoma patients were adults and all TE4+ nor-

mal adult thymic epithelium is 12/1 - 2+, this lack
of reactivity of anti-12/1 - 2 with TE4+ epithelium
in eight of nine thymomas suggested a phenotypic
similarity of these thymomas with fetal or neonatal
TE4+,12/1 - 2- thymic epithelium.30

Reactivity ofeight ofnine thymoma specimens (ex-
ception thymoma no. 9) with antibodies that define
terminal stages of keratinized epithelial cell matura-
tion (TE8, TE 1 5) in vivo was negative or showed reac-

tivity only with a few (<5% total) scattered thymic epi-
thelial cells (Figure 3H). Monoclonal antibodies AE-
and AE-3 directed against keratins were strongly

positive in all thymomas (Figure 3F, Table 3). In con-

trast, in one thymoma (no. 9) all TE cells were
strongly TE8+ with scattered areas of weakly TE4+
staining TE cells (Figures 4B, 4D).

Unlike normal thymus, mediastinal thymomas
contained TE7+ fibrous stroma that was not com-

Table 3-Phenotype of Epithelial Component of Thymoma Tissue as Defined by Monoclonal Antibodies to Thymic Epithelium

Mixed
population Mature

Lymphocyte lymphocytes epithelial
Antibody predominance & epithelial Immature epithelial cell cell

Patientno. 1 2 3 4 5 6 7 8 9

TE4 + + + + + + + + +
A2B5 + + + + + + -
TE3 + + + + + + + + +
12/1 -2 + -
TE8 t -t -t +
TE15 -t
AE-1 + + + + + + + + +
AE-3 + + + + + + + + +
EGFR, + + + + + + + + +

* Staining though positive extremely weak in intensity.
t >90% of cells negative; rare cells positive.
+, >90% TE cells +.
+, >25%, <90% TE cells +.
-, <25% TE cells +.
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Figure 3-Phenotype of thymoma of immature epi-
thelial type (patient no. 6). A-H & E-stained
light micrograph. B-TE4 reactivethymoma ep-
ithelium (arrow). C-TE3 reactive epithelium
(arrow). D-TE7 reactive fibrous tissue and
vessels (V) (arrow). E-Rare epithelial cell re-
acting with antibody 12/1 - 2 (arrow). F-AE1
(anti-keratin) reactive thymoma epithelium
(arrow). G-Thymosin a-1 reactive epithelium
(arrow). H-TE8 negative epithelium. x400

I

partmentalized but rather was homogeneously inter-
mixed with TE4+ epithelium (Figure 3D).
Monoclonal antibody EGFR 1 reacted strongly

with the nine thymoma specimens suggesting the
presence ofepidermal growth factor receptors on thy-
moma TE cells (Table 3).

Phenotypic Characterization of the Lymphoid
Component ofThymoma

The lymphoid component of the thymomas was
tested for reactivity with a monoclonal antibody panel
directed against T cell differentiation antigens. The re-
sults are summarized in Table 4.

In frozen tissue section, the lymphoid component
of thymomas was composed of T cells and was
strongly reactive with monoclonal antibodies 35.1
(CD2) and 3A1 (CD7), as others have reported.3 '33
In six of nine the lymphoid component had the phe-
notype of cortical thymocytes, with 75% of lympho-
cytes strongly T6+ (CD1) and p80- (CD44) (Figure
SA). When present, p80+ cells were rare and existed
in small clusters or as single cells. WT3 1 is an alterna-
tive marker to p80 for determining T lymphocyte ma-
turity and was negative in the one case tested from this
group with the cortical thymocyte phenotype (Figure
5E). There was no evidence ofthymocyte corticomed-
ullary organization. Thymocytes in single cell suspen-
sion were available for indirect immunofluorescence

Vol. 132 * No. 3
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Figure 4-Phenotype of thymoma of mature epithelial type (patient no. 9). A-H & E-stained light micrograph showing mature epithelium with a squamous
appearance. S-Representative view of one TE4 reactive area of epithelium. C-AE1 reactive thymoma epithelium. D-TE8 strongly reactive
thymoma epithelium with dense-staining pattern. X400

analysis from three thymomas. Results confirmed the
presence of immature T cell phenotype with greater
than 90% of cells positive for NA 1/34 (T6, CD 1) (See
Table 5). Interestingly, 21% of number 5 thymocytes
coexpressed T6 (CD 1) and p80 (CD44) antigens,
whereas these antigens normally are expressed recip-
rocally on thymocytes.'2

In contrast, the lymphoid component of the one
thymoma (no. 9) that expressed the mature epithelial
phenotype (TE4+, TE8+) was that of mature T cells,
T6- (CD1), p80+ (CD44), WT31+ (Ti a3) (Figures
SB, SF). Two thymomas in the immature epithelial
cell predominant group (nos. 7 and 8) showed a strik-
ing predominance of T6+ (CD1), S100+ large den-
dritic cells (Figures 6B and C) in a background ofma-
ture medullary thymocytes (T6-, p80+) (Figure 6E).
In contrast, normal thymic medulla contains rare
T6+ dendritic cells (Figure 6F). No corticomedullary
organization was evident. Electron microscopy ofthy-
moma no. 8 revealed Birbeck granules in the cyto-
plasm of the dendritic cells identifying them as Lan-
gerhans cells (Figure 6D).

Discussion
This study used a panel of monoclonal antibodies

that define stages of thymic epithelial cell maturation

to compare the phenotype of thymic epithelium of
nine thymomas with that of epithelium in MG and
normal thymus. Hyperplastic MG thymic epithelium
was similar to normal thymic epithelium in the ex-
pression of markers of early and late stages ofthymic
epithelial maturation. In contrast, the epithelial com-
ponent of primary mediastinal thymomas exhibited
marked phenotypic abnormalities compared with
normal and MG thymuses.

In histologic sections of hyperplastic MG thymuses
there was evidence of corticomedullary organization
with the principle finding of an expanded medulla.
The markers of neuroendocrine epithelium, TE4 and
A2B5, were present in the subcapsular cortex as well
as medulla. Additionally, all TE4+ cells were 12/1
- 2+. Formed TE8 and TE 15-reactive Hassall's bod-
ies were present in the medulla.27'28

In contrast to normal and MG thymuses, the thy-
momas studied showed lymphoid and epithelial
components diffusely admixed in varying propor-
tions. Like normal and MG thymuses, all thymo-
mas contained A2B5+/TE4+ thymic epithelium,
but unlike normal thymus, the TE4+ epithelium
was homogeneously distributed throughout the thy-
moma tissue. The thymomas also contained thy-
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Table 4-Phenotype of Lymphoid Component of Thymoma Tissue

Mixed
population Mature

Lymphocyte lymphocytes & epithelial
Antibody predominance epithelial Immature epithelial cell cell

Patient no. 1 2 3 4 5 6 7 8* 9

T6 (CD1) + + + + + + - - -

p80 - + - - t- + + +
35.1 (CD2) + + + + + + + + +
3A1 (CD7) + + + + + + + + +
Leu 2a (CD8) + + + + + + + + +
Leu 3a (CD4) + + + + + + + + +
BAl - _+ _ +

* Thymomas with abundant Si 00+, T6+ Langerhans cells.
t While 31% of thymocytes in suspension were p80+, 90% were also T6+ and 21% were both T6+ and p80+ (see Table 5). Normal thymocytes reciprocally

express the T6 and p80 antigens.25
+, >75% cells.
±, >25% <50% cells.
-, <25% cells.

mosin a 1, in agreement with the findings of oth-
ers.34 As reported previously by others,31'35 only a
subset ofthymic epithelial cells were 12/1 - 2+. Be-
cause all thymoma patients were adults, the lack of

reactivity of thymoma endocrine epithelium with
antibody 12/1 - 2 suggested a phenotypic similarity
of thymoma epithelium with fetal or neonatal
TE4+, 12/1 - 2- thymic epithelium.2'30 Another

Figure 5-Phenotypic characterization of the
lymphoid component of immature epithelial thy-
moma (patient no. 6, A, C, E) and mature epithe-
lial thymoma (patient no. 9, B, D, F). Whereas
there are NA1/34 CD1 + (T6) reactive thymo-
cytes in thymoma of immature epithelial pheno-
type (A), thymocytes are CD1 - (T6-) in thy-
moma of mature epithelial phenotype (panel B).
3A1, CD7+ reactive thymocytes in both thy-
moma of (C) immature and (D) mature epithelial
phenotype. Panel E shows WT31 (T cell recep-
tor a, B) nonreactive thymocytes in thymoma of
immature epithelial phenotype whereas panel F
shows weakly positive WT31 reactivity in thy-
mocytes of mature epithelial phenotype thy-
moma. X400

Vol. 132 * No. 3



560 KRAUS ET AL

Table 5-Phenotypic Characterization of Thymoma
Lymphocytes in Single Cell Suspension*

Patient no.

3 5 6
Monoclonal antibody % Positive cells

P3 (control antibody) - - -
3A1 (Pan T) (CD7) 95 93 88
Leu 2a (T8) (CD8) 78 88 86
Leu 3a (T4) (CD4) 90 96 76
p80 (medullary thymocyte) (CD43) 9 31 6
35.1 (E-rosette receptor) (CD2) 100 96 73
NA1.34 (T6 cortical thymocyte) (CD1) 91 90 92
BA1 (B cell) 2 - -

A2B5 1 - -
12/1-2 2 - -
TE4 7 - -

* Assay for reactivity of monoclonal antibodies performed by indirect im-
munofluorescence as described in Methods. Reactivity of thymocyte sus-
pensions with antibodies A2B5, 12/1 - 2, and TE4 ranged from 0 to 7% of
cells positive.

fetal antigen, carcinoembryomic antigen, has been
detected in thymomatous epithelial cells.3" These
observations suggest but do not prove that in some
thymomas the thymic epithelium is either imma-
ture or dedifferentiated.

Further evidence to support the theory that thymic
epithelium in thymomas is either immature or de-

differentiated comes from the phenotypic similarities
between thymoma and severe cellular immunodefi-
ciency disease (SCID). In similar studies of five thy-
momas, Haynes et al found SCID thymic epithelium
to be TE4+, 12/1 - 2 negative or minimally reactive
and TE8 and TE 15 negative.2
As has been noted previously,2'3'28'36 the lymphoid

component of thymoma was predominately that of
immature cortical thymocytes (T6+, p80-). In this
study, mature p80+ thymocytes were rare, suggesting
that T cell maturation may be arrested in certain thy-
momas at the cortical thymocyte stage.

TIwo thymomas in the immature epithelial cell pre-
dominant group (nos. 7 and 8) contained abundant
S100+, T6+ Langerhans cells among mature medul-
lary thymocytes. S100+, lysozyme negative cells first
appear in the thymic medulla by 3 months fetal gesta-
tion.37 These cells are dendritic in shape and are a nor-
mal but rare component of the postnatal thymic me-
dulla and corticomedullary junction.38 39 Generally
referred to as interdigitating cells (IDCs) in thymus,
they are thought to be closely related if not identical
to the Langerhans cells in skin.'

Histiocytosis X is a proliferative disorder ofLanger-
hans cells.4' Four children have been reported with
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Figure 6-Phenotype of thymoma with imma-
ture epithelial cell predominance and abundant
Langerhans cells. A-H & E-stained light
micrograph showing Hassall's body (H).
x250 B-NA1/34 (T6) reactive nonlym-
phoid cells in stellate pattem (arrows).
x400 C-S100 protein immunoperoxidase
stain showing numerous S100+ reactive cells
(arrows). x100 D-Electron micrograph
(x17,000) of a Langerhans cells containing two
Birbeck granules at arrow and inset (x70,000).
Scale bar equals 1 p. E-p80 reactive thy-
mocytes in honeycomb lymphocyte pattem.
x400 F-Normal thymic medulla with Has-
sail's bodies (H) reacted with NA1/34 (T6) and
demonstrating positively staining stellate cells
representating the normal location of Langer-
hans cells in thymus (arrows).

4.. , 4

AIP o September 1988



Vol. 132 * No.3 THYMIC EPITHELIUM IN THYMOMA 561

Histiocytosis X restricted to the thymus.42 Abundant
S100+, Birbeck granules containing Langerhans cells
were noted in the thymus of one adult patient with
myasthenia gravis.43 A spectrum ofthymic abnormal-
ities are found in Histiocytosis X ranging from thymic
dysplasia with variable numbers of infiltrating Lan-
gerhans cell to thymic involution.4"45 Whether the
presence of Langerhans cells in these two thymomas
actually represented isolated Histiocytosis X of the
thymus, or a reactive process secondary to the thy-
moma is unknown. Neither patient no. 7 nor 8 had
developed evidence of systemic Histiocytosis X at 41
and 24 months follow-up respectively.
The appearance ofS100+ IDCs has been noted pre-

viously in thymoma; their occurrence usually has
been in areas of thymic medullary differentia-
tion.' 324647 In one study, S100+ IDCs were present
in nine of 20 thymomas.46 No correlation existed be-
tween the presence of IDCs in the thymomas and as-
sociated immunologic syndromes.
The epithelial component ofone thymoma (patient

9, Table 3) had a phenotype (weak TE4+, strong
TE8+) suggestive of more differentiated epithelium
than that of other thymomas. Interestingly, the thy-
moma of patient 9 had a different histology than the
other thymomas with mature epithelial cells predomi-
nating (Figure 4).

Thus, it has been demonstrated there are abnormal-
ities ofthymic epithelial antigen expression in thymo-
mas. In six of nine thymomas studied, the epithelial
component is either arrested or dedifferentiated with
phenotypic similarities to that of 14 to 16 week fetal
thymus; these data suggest a primary abnormality of
epithelium in most thymomas. This panel of re-
agents'9 should prove useful in the histologic evalua-
tion of mediastinal masses. Limited amounts ofthese
reagents are available on request.
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