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Impaired expression of MHC class II molecules in response to interferon-gamma
(IFN-vy) on human thymoma neoplastic epithelial cells
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SUMMARY

A human thymoma is a neoplasm derived from the thymic epithelial cell, and is well known for its
association with autoimmune diseases, especially myasthenia gravis. The neoplastic epithelial cells of
thymoma clearly retain thymic epithelial functions, but the development of T cells in thymoma is
somewhat impaired. In this study, we quantified by flow cytometryithégtro expression of MHC
molecules on neoplastic epithelial cells precultured with H=NA/hile MHC class | expression was
comparable with that on normal thymic epithelial cells, the level of MHC class Il molecules on
neoplastic epithelial cells was lower than in controls, and also varied greatly from case to case.
Additionally, there was a significant positive correlation between the expression level of MHC class Il
and the proportion of mature CD3cells in the CD4CD8 subset. Thus, accumulation of
CD3 CD4"CD8™ cells in thymoma may result from impaired expression of the MHC class Il
molecules, suggesting that the function of the neoplastic epithelial cells might determine the maturation
and the positively selected repertoire of T cells in thymomas.
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INTRODUCTION thymoma and shown to be capable of proliferating in response to a

A human thymoma is a neoplasm derived from thymic epithelialm'togen [11]. These observations suggest that T cell development

) . L . . takes place even in the neoplastic environment of a thymoma.
cells [1], and is well known for its association with autoimmune W d th h identified int diat
diseases,_e;pef:ially with myasthenia gravis. One of its histologica&DB,éDirl CDaérlOstaeg;e g:;ufallegviiwnlwaetzr:ele(:Dfrs]inlg;]ltae-rp)ng)iitil\z/iee
charactc_arlstlcs is the coexistence of Iargg number§ of Iymphocyte%e”S’ between the CDEDA- CDS- and the CD3CDA"CD8"

The ratio of lymphocytes to neoplastic epithelial cells varies tages [12,13]. Interestingly, these COEDA*CDS" cells were
greatly from tumour to tumour, thus_ thymoma_s are classifigd aiho%vn © a;cculmulate mograeylin thymomas than in normal thymus
predominantly lymphocytic, predominantly epithelial, or mixed [14.15], and did not express CD69 [11], a marker of positive
type [2,3]. The lymphocytes in thymomas are of T cell lineage!” "'“7» : ' ;
[4—6], and a considerable proportion are CD8", so called selection of thymocytes, suggesting that T cell development is

double-positive cells, exactly as in the normal thymic cortex [7—9].50”_"_?]\"’232 Igr%i;rgldcgléhggi::viﬁ t0 qovern T cell develooment
In the murine and the human thymus, COED4 CD8  cells Y g p )

diferenate (o CD3CDA CDB or CO3 Cu COB” callsvia 11 Ilracton evueer e 1 o snuaen eepor (108 o
CD4"CD8' cells. Recently, we have shown that the neoplastic y Y antigen ¢ y P u

o . . .__play an important role in selection of mature thymocytes [16—18].
epithelial cells from thymoma were able to induce the dlfferentla-P . ; histochemical | h d trated
tion of CDA"CD8" cells from CD3 CD4-CD8 CD34" T cell revious immunohistochemical analyses have demonstrated a

precursors in arnvitro culture [10]. Furthermore, mature CD4 reduced expression of MHC class Il molecules on thymoma

single-positive cells expressing CD69 have also been found ineplthellal cells [19-22]. Thus, it seems reasonable to speculate

that the abnormal T cell development in thymomas might be
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City, Osaka 565-0871, Japan. the relation between the function of the neoplastic epithelial cells
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the surface marker expression of lymphocytes and the expressidPreparation of lymphocytes

level of the MHC molecules on neoplastic epithelial cells by flow Lymphocytes in the thymoma or thymus were isolated by
cytometry. The results of this study clearly demonstrate a correlamechanical teasing and pressing the tissue against stainless steel
tion between the expression level of MHC class Il molecules andnesh. The viable lymphocytes were separated on a Ficoll-Hypaque

the maturation of CD4CD8™ cells in the tumour. (Lymphoprep; Nycomed, Oslo, Norway) density gradient to remove
any erythrocytes and dead cells. These isolated lymphocytes were
PATIENTS AND METHODS then counted and applied to the flow cytometric analyses.
Patients

The characteristics of the thymoma patients studied here are shom@{epar?ﬂor}lm stromal fet”“; ¢ the th | child
in Table 1. All of the cases were classified according to theth)r/?nr?; ticsesusemg/rez-lcsjce):x?/guz:rl?\r(;]sin: (2_3:;2(:;2? sc;gnrlgrmsa}[ |(_:OlIJiS
clinicopathological staging system of Masaoka [23]. None OfMO) treatment and trypsin—EDTA dispersion [24,25]. Briefly,

these patients had been treated with corticosteroids, inductiopresh thvmoma or thymus tissue was minced and the fragments
chemotherapy or preoperative irradiation. Various autoantibodies y y 9

including anti-acetylcholine receptor antibodgwAChR), were \éveltrerevﬁz?zdde:ns ;ﬁﬁererzesztr?:;yéflhaeﬁ g}sdsgeof.rr?%gﬁnfztewere
examined in these patients. AlthoughAChR was positively Ui Y P ol P

. . 0 i
detected in cases 2, 5, 6 and 7, myasthenic symptoms Werrg_edlum (RPMI1640 in 10% fetal calf serum (FCS), @ mluta

found only in case 2. As controls, normal thymi were obtained:jn;n:’ ia‘ttzrz-mzrcg?é(();etgi?:gtgg dffglentqeert:se Iyrgr[;horc.r):isd F'Yteh
from 21 children during open cardiac surgery under written Y ; u 9 w ! w

) . Ca*Mg?*-free PBS and incubated in 0-25% trypsin—0-02%
informed consent when resection of a part of the thymus Waj?eDTA for 30 min at 37C. The digested fragments were suspended

zgr?terZT?)g/tifn‘t)se r\;‘vczlrgnzt.;ezls.;;}q;(;:;lls.procedures. The mean age oftwgorously, and trypsinization was stopped by the addition of an
equal volume of 10% FCS—RPMI. After the dispersed cells were

Monoclonal antibodies cultured for 4 days in complete medium, the adherent stromal cells

For the analyses of lymphocytes, FITC-conjugated control mous#vere removed, followed by a further culture for 2 days in the

IgG and anti-CD3, PE-conjugated amtchain and anti-CD4, and  Presence of IFN¢ (1000 U/ml) in complete medium. The adherent

biotin-conjugated anti-CD8 antibodies were purchased fromcells were collected by vigorous suspension with 0-02% cold

Becton Dickinson (San Jose, CA). For the analyses of stromaEDTA and then washed and applied to flow cytometric analysis.

cells, anti-HLA-ABC antibody was purchased from Pharmingen

(San Diego, CA). Anti-HLA-DP/DQ/DR (CR3/43), anti-cytokeratin Flow cytometry

(MNF116) and FITC-conjugated anti-cytokeratin (MNF116) For staining surface antigens on lymphocytes 10° lymphocytes

antibodies were purchased from Dako (Glostrup, Denmark).  suspended in 30d PBS were mixed with a combination ofbeach
of FITC-conjugated control mouse 1gG or anti-CD3, PE-conjugated
Histological evaluation anti-CD4, and biotin-conjugated anti-CD8 antibodies. After incuba-

Surgical specimens were fixed in 10% formaldehyde and thenion for 30 min at 4C, the cells were washed and suspended inu800
paraffin-embedded. They were classified as predominantlypBS. One microlitre of streptavidin-red 670 (Life Technologies,
lymphocytic, predominantly epithelial, or mixed type according Gisco BRL, Gaithersburg, MD) was added for three-colour flow
to the ratio of lymphocytes to epithelial cells by haematoxylin— cytometry. After incubation for 30 min af@, the cells were washed
eosin staining. By definition, the ratio of lymphocytes to epithelial and subjected to flow cytometric analysis. The cytometer used in
cells was at least 2:1 in the predominantly lymphocytic thymomasthis study was a FACScan (Becton Dickinson, 10° events were
and below 1:2 in the predominantly epithelial thymomas. collected and analysed by the Cell Quest program.

Intermediate cases were classified as the mixed type. For analysis of the stromal cells,x1LC° stromal cells sus-
pended in 20@! PBS were mixed with &l anti-HLA-ABC or
HLA-DP/DQ/DR MoAbs. After incubation for 30 min at’@, the
cells were washed and suspended in 20BBS. PE-conjugated
anti«-chain antibody (@) was added as a secondary antibody.
Case Age (years) Sex Stage Type MG Positive autoantibodiesAfter incubation for 30 min at &, the cells were washed and
suspended in 20@ PBS. The suspended cells were blocked with

Table 1. Characteristics of thymoma patients

1 37 Fo1 Ep RF normal mouse serum for 10 min and fixed with 0-25% formalde-
g E? m :Y 'Ii’“x (+) ?QEZRMCHA hyde for 30 min at room temperature, washed and suspended in
4 37 Mol L§ ' 200ul _PBS_. After permeabilizatiqn of the c_eIIs with _0-025_%

5 53 = I Mix «AChR saponin (Sigma), pl of FITC conjugated anti-cytokeratin anti-

6 42 M Il Ep o«AChR body were added and incubated for 30 min ¥€:43x 10* events

7 49 = I Mix «AChR, «DNA were collected and analysed by the Cell Quest program. The MHC
8 56 Ml Mix ANF expression level was judged by tie value, with thep value in

9 62 Ml Mix Kolmogorov—Smirnov statistics. Pearson’s correlation coefficient

was calculated to examine the relationship between two variables.

Type, histological type; Ep, predominantly epithelial cell type;
Ly, predominantly lymphocytic type; mix, mixed type; MG, myasthenia RESULTS
gravis; RF, rheumatoid factosyAChR, anti-acetylcholine receptor anti-
body; TGHA, thyroglobulin haemagglutination; MCHA, microsome Phenotypic characterization of the lymphocytes in thymomas
haemagglutinationgDNA, anti-DNA antibody; ANF, anti-nuclear factor. The result of the characterization of lymphocytes in thymomas is
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Table 2.Phenotypic characterization of the lymphocytes in thymomas andhe CD4"CD8™ subset. This bimodal pattern is not usually seen
normal infant thymi in normal thymocytes. As shown in Table 2, a major proportion

of the lymphocytes in the thymomas had a phenotype of cortical

thymocytes, and immature CD8D4TCD8™ cells accumulated

bP 4sp 8P J4sP 3/85P compared with the normal thymus samples, which is consistent
Case 1 60 17 13 70 99 with our previous report [14].
Case 2 63 19 14 60 100
Case 3 3 18 4 18 96 MHC expression on the neoplastic epithelial céfisitro
Case 4 56 29 9 35 100 MHC expression on the neoplastic epithelial ceitsvitro in
Case 5 65 24 5 12 99 . ;
Case 6 44 39 6 18 97 response to exogenously administered H-Nvas examined by
Case 7 64 23 7 10 100 flow cytometry. Using two-colour flow cytometry, the epithelial
Case 8 69 24 2 29 96 cells from the entire sample of stromal cells were identified by
Case 9 59 18 13 30 92 anti-cytokeratin antibody and gated as cytokeratin-positive cells.
Thymoma 61-4-8-3 23-4- 7.0 8.1+ 4.4 33.9+21.3 97. 7 2.7 Four normal child thymi were examined as positive controls.

Thymi (n=17) 80-5£4-2 9.-6£4-2 5:6£2-1 88-8-6-1 98-5-1-8 Figure 2a shows the HLA-ABC (MHC class I) expression and
the percentage of CD3cells among CD4CD8" cells of a
The number indicates the percentage of cells in each population, ~ Normal thymus and thymomas. MHC class | was distinctly
Results of all are shown as mears.d. expressed and most CD@D8" cells expressed CD3 in these
DP, CD4'CD8" cell: 4SP, CD4CD8" cell; 8SP, CD4CDS8" cell; 3"/ cases. The results of all cases are shown in Fig. 2b. Thus, MHC
4SP, CD3 cells among CD4CD8™ cells; 37/8SP, CD3 cells among  class | expression of thymoma epithelial cells was comparable to
CD4 CD8" cells. normal thymus. By contrast, HLA-DP/DQ/DR (MHC class II)
expression and the percentage of CDi2lls among CD4CD8™
shown in Table 2. CD4CD8" cells accounted for 614 8-3% of  cells of a normal thymus and typical thymoma cases are shown
all ymphocytes on average in nine thymomas. The mean proporin Fig. 3a. MHC class Il expression on thymoma epithelial cells
tions of CD4"CD8™ cells and CD4CD8" cells were 23-4 7-0%  varied greatly from case to case. The results of all cases are
and 8-1+4-4%, respectively. In 17 normal child thymi, shown in Fig. 3b. MHC class Il expression on neoplastic thymic
CD4"CD8" cells accounted for 805 4-2% of all lymphocytes epithelial cells was significantly lower than normal infant thymus.
on average. An example of the CD3 expression in each subset is
shown in Fig. 1. In this case, the CD@D8" subset consisted Relationship between HLA-DP/DQ/DR expression and the
almost exclusively of mature CD3cells. In contrast, the propor- maturity of the CD4CD8~ subset
tion of mature CD3 cells in the CD4CD8™ subset was only 48%, Since there was a wide variation in the proportion of CD3
and, typically, CD3-negative and -positive peaks were observed iells among the CD4CD8~ subset as well as in MHC class I

CD4*CD8” cDh4*CD8*
100 100 ¢
80 80F
(2] -
= 48% ‘2 60
3 3 aof
3 8 40 ;
20F
0 0 1 2 3 4 1 2 4
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40 25 E—
2] o 20F
£ 30 E b 97%
[e) o F
3 20 S 1ok
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CD3 expression

Fig. 1. A representative result of the CD3 expression in each subset defined by CD4 and CD8 expressions (case 6).
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(a) Normal thymus Thymoma, Case 2 Thymoma, Case 5

20

Expression of
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epithelial cells
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20 }—{ 25

0, 0, 0,

Expression of CD3 % 15 97% 100% 20 99%
on CD4CD8* 310 1(5)

lymphocytes  ©
5 5
0 0 s | 0
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(b) NS
Dvalue
1 —
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0-:25
0
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(n=29) (n=4)

HLA-ABC expression

Fig. 2. (a) HLA-ABC (MHC class I) expression on epithelial cells (upper) and CD3 expression amongdII# lymphocytes (lower) in

typical cases. Solid lines show the negative control stains. The expression level was jufiyeal by in Kolmogorov—Smirnov statistics for

MHC and the percentage for CD3. A normal thymus is presented as a positive control. (b) HLA-ABC expression of all thymoma cases and
normal thymi. Thymomab = 0-93= 0-05versusnormal thymusD = 0-92+ 0-05, not significant (NS).

expression on neoplastic epithelial cells, we examined the relationeD4"CD8" cells during T cell development in the thymus
ship between these two variables. Interestingly, there was §12,13]. One of the characteristic features of lymphocytes in
significant positive correlation between MHC class Il expressionthymoma is a prominent accumulation of these immature CD4
and the proportion of CD3cells among the CDACD8™ subset, as  single-positive cells, compared with a normal thymus [14,15].
shown in Fig. 4. The patients with autoantibodies are indicatedThese observations seem to indicate inefficient differentiation of
with open circles and there is no definitive tendency. T cells from CD3 CD4"CD8™ cells to CD4 CD8' cells, or from
CD4'CD8" cells to CD3CD4'CD8 cells in thymomas.
Because MHC molecules have an important role in T cell
development in the thymus, we quantified their expression level
The subset of CD3CD4"CD8™ cells has recently been recognized on the neoplastic epithelial cells in response to exogenousylFN-
as an intermediate population between CB®4 CD8 and A preliminary experiment revealed that MHC class Il expression

DISCUSSION
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(a) Normal thymus Thymoma, Case 2 Thymoma, Case 5
70
D=0-90 D=0-25
. 1]
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104 108 10%
40 |
|
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(b) P <0-01
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1
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HLA-DP/DQ/DR expression

Fig. 3. (a) HLA-DP/DQ/DR (MHC class Il) expression on epithelial cells (upper) and CD3 expression amorigODB4 lymphocytes

(lower) in typical cases. Solid lines show the negative control stains. The expression level was jufigealisy in Kolmogorov—Smirnov
statistics for MHC and the percentage for CD3. A normal thymus is presented as a positive control. (b) HLA-DP/DQ/DR expression of all
thymoma cases and normal thymi. ThymorBa= 0-44+ 0-17 versusnormal thymusD = 0-82+ 0-08;P<0-01, significant by unpaired

t-test.

on the neoplastic epithelial cell® vitro was reduced without which showed the lowesh vitro by flow cytometric analysis. A
stimulation by IFNy and restored with an administration of proportion, but not all, of the neoplastic epithelial cells was
exogenous IFNy. positively stained with anti-HLA-DP/DQ/DR antibody in both of

In our previous study, we evaluated MHC class Il expressionthese cases, suggesting a heterogeneous expression of MHC class
by immunohistochemistry and could not find a distinct differencell molecules. Thus, it is difficult to analyse MHC class Il expres-
[14]. MHC class Il expression of all cases was also examined bysion in thymoma quantitatively using immunohistochemistry.
immunohistochemistry in this study (data not shown), but we could  Although MHC class | molecules were expressed on the
not histologically detect a significant difference between case 2thymoma neoplastic epithelial cells at a level comparable to that
which showed the highest expression of MHC class I, and case 5n normal thymic epithelial cells, expression of MHC class Il

© 1999 Blackwell Science LtdClinical and Experimental Immunolog$17:1-7
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N ‘(‘)‘ L ‘O‘ T transduction cascade in thymoma neoplastic epithelial cells are

0 10 20 30 40 50 60 70 80 currently bein.g conducted in our Iaborgtory. . o
In conclusion, MHC class Il expression on neoplastic epithelial
cells was generally lower than that on normal thymic epithelial
Fig. 4. The relationship between HLA-DP/DQ/DR expression and the cells invitro. The level of MHC class Il expression had a sig-
proportion of CD3 cells among the CDCD8~ subsetO, Patients with  Nificant correlation with the proportion of CD3ells among the
positive autoantibodies. CD4TCD8™ subset. These results suggest that the degree of
maturation of the CD4CD8™ subset reflects the activity of the
neoplastic cells in a thymoma. We suppose that the immaturity of
molecules was generally decreased and varied from case to cagshg CD4"CD8  subset in thymomas is caused by the lower
consistent with previous reports [19—22]. In addition, interestingly,expression of MHC class Il molecules on neoplastic epithelial
there was a significant correlation between the expression ofells. It is expected that this impaired expression of MHC class II
MHC class Il molecules and the proportion of CD3ells molecules on thymoma neoplastic epithelial cells might be a factor
among the CD4CD8~ subset in a thymoma. This result suggests of pathogenesis of thymoma-associated autoimmune diseases [15].
that the proportion of CDBcells in the CD4CD8™ subset reflects  Further investigation of the mechanism may elucidate the mole-
the expression level of MHC class Il molecules on the thymomacular pathogenesis of thymoma-associated autoimmune diseases.
neoplastic epithelial cells.
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< 08 to very late antigen-4,5 (VLA-4,5) or intercellular adhesion
% L r=0732 molecule-1 (ICAM-1) to leucocyte function-associated antigen-1
> o7k P=00224 © (LFA-1), have been shown to be involved in T cell development
S r n=9 in the thymus [34]. Soluble factors such as IL-7 also participate in
E 0-6 T cell development in thymus [35,36]. We cannot exclude defects
ﬁ i in these accessory factors.

s o5l The signal transduction cascade of the Iffikeceptor has been

3 C studied extensively, and Jak-1, Jak-2, Stat-1, and CIITA have been
o oal shown to be involved in the induction of MHC class Il molecules
3 - [37,38]. The existence of a ClITA-independent class Il regulatory
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S

T

CD3*cells/CD4+CD8™ cells (%)
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