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Summary. The expression of  T-cell receptors (TCR) in 
malignant lymphomas was examined immunohisto- 
chemically by monoclonal antibodies which react with 
the TCRJ~ or TCR6 chain. TCR// was expressed in 16 
out of  47 non-Hodgkin's lymphomas. These included 
15 T-cell lymphomas and 1 Ki-1 lymphoma. The anti- 
TCRfl chain antibody, J~F1, did not react with 26 B-cell 
lymphomas, 1 Ki-1 lymphoma or 6 Hodgkin's disease. 
The anti-TCR6 chain antibody, TCR61, did not react 
with any type of malignant lymphoma. Although TCR/~ 
and CD3 were co-expressed in normal lymphoid tissues 
and most T-cell lymphomas, 3 cases of C D 3 + C D 4 +  
C D 8 -  T-cell lymphoma failed to express TCR/L TCRp 
and Ig JH gene configurations in malignant lymphomas 
were examined by Southern hybridization. Although 
each of  9 T-cell lymphomas had a rearranged TCR/~ 
locus, TCRp gene rearrangement in the 3 cases of/~F1 -- 
CD3 + T-cell lymphomas was demonstrated by South- 
ern blot. No transcripts of the TCR/~ gene could be 
round in 2 out of the 3/~F1 - C D 3  + T-cell lymphomas 
by Northern blot, indicating the lack of TCR/~ protein 
expression to be due to non-transcription of  the TCR 
gene. Loss of TCR/? proteins in these T-cell lymphomas 
is thus quite likely to be associated with T-cell tumour 
activation and progression, since 3 /~F1-  CD3 + T-cell 
lymphomas expressed CD25 (interleukin-2 receptor) to 
a high degree. 
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Introduction 

Recent research has clarified the molecular structure and 
functional properties of  the T-cell receptor (TCR) (Yan- 
agi et al. 1984; Minden and Mak 1986). The TCR is 

Offprint requests to : K. Kasai 

a heterodimer consisting of  two disulphide-linked vari- 
able glycoproteins with immunoglobulin-like organiza- 
tion, and is thought to bind both the antigen and mole- 
cules encoded by the major histocompatibility complex 
(Minden and Mak 1988). There are two types of  TCR, 
one consisting of  the OE-fi heterodimer (TCROEfi) and an- 
other containing 7 and 6 chains (TCR76). Most peripher- 
al T-cells express TCROE/?, and a small sub-population 
ofT-cells possesses TCRT6 (Chan et al. 1988; Groh  et al. 
1989). The clonality and cell lineage of  T-cells for var- 
ious lymphoproliferative disorders have been indicated 
by gene rearrangement studies by using molecular 
probes of TCR genes, since surface immunophenotypes 
in T-cell tumours were round inadequate for this pur- 
pose (Cossman et al. 1988; Griesser et al. 1989). Recent- 
ly, immunohistochemical examination of  TCR/3 protein 
in lymphoid tissues and malignancies has been carried 
out using anti-TCR/3 monoclonal  antibodies (mAbs) 
(Chan et al. 1988; Ng et al. 1988). Although TCR are 
associated with CD3 molecules in T-cells which are es- 
sential for signal transduction during T-cell activation, 
loss of the TCRfl-CD3 complex and lack of  either TCRp 
or CD3 were observed in T-cell lymphomas (Chan et al. 
1988; Ng et al. 1988). However, the molecular basis for 
such aberrant expression of  TCRfl in fresh lymphoma 
cases has not been reported. In the present study, TCR 
chain expression and TCRp gene rearrangements in lym- 
phoid malignancies were examined using anti-TCR 
mAbs and TCRfl gene probe, and the molecular basis 
of  TCR/~ expression is discussed. 

Materials and methods 

Lymphoid tissues from 47 cases of non-Hodgkin's lymphomas, 
6 of Hodgkin's diseases and 9 normal tissues were obtained from 
the Kitasato University Hospital. Five normal lymph nodes and 
2 tonsils were taken from specimens removed surgically for diag- 
nostic or therapeutic purposes. Two fetal thymuses were obtained 
at the rime of autopsy. Lymph nodes of 7 non-Hodgkin's lympho- 
mas listed in Table 1 (cases 1, 10, 14 and 16) and Table 2 (3 of 
diffuse centroblastic/centrocytic type) were obtained at the time 
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Table 1. Express ion  o f  T C R f l  and  T C R 6  in T-cell and  Ki-1 l y m p h o m a s  

Case His to logy Surface marke r s  
n o .  

T C R f l  T C R 6  CD3 C D 4  CD8 CD25  CD3 0  

1 P leom"  med ium- la rge  b High  c + + -- + + + + + - + -- 
2 A n g i o i m m u n o b l a s t i c  Low y + + + - + + + + + - + + - 
3 P leom m e d i u m  High  + + + -- + + + + + - + -- 
4 A n g i o i m m u n o b l a s t i c  Low + + -- + + + + + + + -- 
5 A n g i o i m m u n o b l a s t i c  Low + + + -- + + + + + + - + -- 
6 A n g i o i m m u n o b l a s t i c  Low + + -- + + + + + + - + -- 
7 A n g i o i m m u n o b l a s t i c  Low + + -- + + + + + - + -- 
8 P leom m e d i u m  High  + + + -- + + + + + + - - -- 
9 P leom med ium- la rge  High  + + -- + + + + + - + -- 

10 P leom med ium- la rge  High + + -- + + + + + + - + + + -- 
11 P leom med ium- la rge  High  + + + -- + + + + + - + -- 
12 P leom large High  + + -- + + + -- + + + + + + 
13 P leom large High  -- - + + + + + - + + -- 
14 P leom large High  - - + + + + - + + + - 
15 P leom large e High  - - + + + + + + - + + + - 
16 P leom large e High  + + - + + + + + + - + + -- 
17 P leom med ium- la rge  High  + + - + + + + + + - + -- 
18 A n g i o i m m u n o b l a s t i c  Low + + - + + + - + + + + + 
19 Lymphob la s t i c  f H igh  . . . . . . .  
20 Large cell anaplas t ic  High  + . . . .  + + + + + § 
21 Large cell anaplas t ic  High  -- -- -- + - + + + + 

a Pleom,  p l eomorph ic ;  b medium- la rge ,  m e d i u m  and  large cell; c high,  h igh-grade  ma l ignancy ;  a low, low-grade ma l ignancy ;  e H T L V - I  
posit ive;  f CD1 - - 3 - - 4 - - 7 + 8 - -  

Table 2. Express ion  o f  T C R  in B-cell l y m p h o m a s  

His to logy No. o f  Express ion  o f  T C R  
cases  

TCRf l  T C R 6  

Low grade 
Lymphocy t i c  2 0 0 
Cen t rob la s t i c / cen t rocy t i c  4 0 0 

follicular 
Centrocyt ic  2 0 0 
Cent roblas t ic /cent rocyt ic  13 0 0 

diffuse 

High  grade 
Centroblas t ic  3 0 0 
I m m u n o b t a s t i c  2 0 0 

Total  26 0 0 

o f  autopsy.  The  r emain ing  cases o f  n o n - H o d g k i n ' s  l y m p h o m a s  and  
6 o f  H o d g k i n ' s  diseases were ob ta ined  by biopsy o f  l y m p h  nodes  
(44) and  tonsils  (cases 12 and  18 listed in Table 1). L y m p h o i d  tis- 
sues were snap- f rozen  in O C T  c o m p o u n d  (Miles Scientific, Naper -  
ville, Ill., U S A )  and  s tored  at  - 8 0  ~ C unti l  use. Fresh  frozen 4 -gm-  
thick t issue sections were cu t  serially on  a cryostat ,  air-dried for 
30 min  and  post - f ixed in acetone for 3 min  at  4 ~ C. This  was  fol- 
lowed by f ixat ion in 10% formal in  and  process ing to ob ta in  3-gin 
paraf f in  sections.  Rou t ine  paraf f in  sections were examined  i m m u -  
nohis tochemica l ly  as descr ibed previously  (Kasai  et al. 1986). 
His tological  d iagnos is  was  conduc ted  according to the  u pda t ed  
Kiel  classif icat ion (Suchi et al. 1987; Hui  et al. 1988; Stansfeld 
et al. 1988). 

For  i m m u n o p e r o x i d a s e  s ta in ing the  sections were soaked  in 
0.03% hyd rogen  peroxide  in phospha te -buf fe red  saline (PBS) for 
5 min  at  r o o m  tempera tu re  to e l iminate  e n d o g e n o u s  peroxidase  

activity. After  being washed  in PBS, the sections were incuba ted  
with p r imary  m A b s  for 1 h at r o o m  tempera ture .  I m m u n o p e r o x i -  
dase s ta in ing was then  pe r fo rmed  by the  avid in-bio t in-complex 
(ABC) m e t h o d  (Hsu  et al. 1981). The  reagents  used for this pu rpose  
were pu rchased  f rom Vector Labo ra to ry  (Burl ingame,  Calif., 
USA) .  Di lu t ion  and  incuba t ion  t ime were as specified in the  stain-  
ing procedure  m a n u a l  o f  the  Vectastain A B C  Kit.  The  sections 
were coloured with 0.05 M TRIS-HC1 buffer,  p l i  7.6, con ta in ing  
2 0 m g / 1 0 0  ml o f  3 ,3 ' -d iaminobenzid ine  te t rahydrochtor ide  and  
0.05% hyd rogen  peroxide for 5-10 min .  The  sections were washed  
in PBS, coun te r s t a ined  wi th  haema toxy l in  and  then m o u n t e d  in 
plastic or  glycerol in PBS. As negat ive controls ,  the sections were 
incuba ted  wi th  n o r m a l  m o u s e  se rum or n o r m a l  m o u s e  IgG. Finally,  
they were s ta ined by the A B C  me thod .  

The  following M A b s  were used in the  present  s tudy:  anti-  
TCRf l  cha in  an t ibody,  flF1, and  a n t i - T C R 6  chain,  TCR6 1 ,  were 
obta ined  f rom T-cell Sciences, Cambr idge ,  Mass . ,  U S A  (Brenner  
et al. 1987; Band  et al. 1987). Ant ibodies  reactive with T-cells, Leu1 
(CD5),  Leu2  (CDS), Leu3 (CD4),  Leu4  (CD3),  Leu6 (CD1),  and  
Leu9 (CD7) were p u r c h a s e d  f rom Bec ton-Dick inson ,  M o u n t a i n  
View, Calif., USA.  BI (CD20)  was used to detect  B-cells in tissue, 
and  pu rchased  f rom Coul terc lone ,  Hialeah,  Flor ida,  USA .  RSC-1 
(Ki- l ,  CD30)  and  ant i - inter leukin-2 receptor  (IL-2R, CD25)  anti-  
bodies  were pu rchased  f rom Dakopa t t s ,  Copenhagen ,  D e n m a r k .  
L e u M l  (CDI  5) was p u r c h a s e d  f rom Becton-Dickinson .  m A b  reac- 
tive with sialosyl X ( S L E X ) w a s  suppl ied by U C L A  Tissue Typing 
Labora to ry ,  Calif. ( F u k u s h i m a  et al. 1984). Each  m A b  was  used 
at  a final concen t ra t ion  o f  approx ima te ly  5 gg/ml .  

Immunoreac t iv i ty  was graded  as follows : ( - )  none,  ( + )  scat- 
tered (0-10 % o f  ant igen-posi t ive  cells in the  sections), ( +  + )  p ro m -  
inent  ( 1 0 % - 5 0 % ) ,  and  ( +  + + )  diffuse ( > 5 0 % ) .  

In  order  to pe r fo rm  Sou the rn  hybr id iza t ion  h igh-molecular -  
weight  D N A  was extracted f rom lympho id  tissues. G e n o m i c  D N A  
f rom each sample  (4 lag) was  digested with EcoRI  or HindI I I  
(Boehringer,  M a n n h e i m ,  F R G )  and  s ize-fract ionated by 0 .75% 
agarose  gel electrophoresis .  The  D N A  was then  t ransferred f rom 
the gel to ni trocellulose t i r e r  paper  by the  Sou the rn  t ransfer  tech- 
n ique  (Southern  1975). All such  filters were hybridized at  6 5 ~  
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Fig. 1 a, b. Immunoperoxidase staining by /~F1 of sections of a lymph node. The majority of lymphocytes in paracortical areas were 
stained with pF1. a x 100; b x200 

Fig. 2 a-c. Immunoperoxidase staining by pF 1 (a, b) and Leu6 
(c) of the thymus./~FI reacted with a large number of cortical 
(a) and medullary (b) thymocytes, and Leu6 stained most 
cortical thymocytes (e). • 200 
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Fig. 3a-d. Immunoperoxidase staining by flF1 (a, e) and Leu4 (b, d) on sections of malignant lymphomas (case 10, a, b; case 6, e, 
d). flF1 and Leu4 reacted with most lymphoma cells. • 200 



for 2448 h with DNA probes 1abelled with 32p (Amersham, Little 
Chalsont, Buckinghamshire, England) by the random primed DNA 
labelling method (Feinberg and Vogelstein 1983). Following hybrid- 
ization, the filters were washed for 1 h in 0.3 x standard saline 
citrate (SSC: 0.15 M NaC1, 0.015 M trisodium citrate), and 0.1% 
sodium dodecyl sulphate (SDS) solutions followed by autoradiog- 
raphy at -70  ~ C. 

The immunoglobulin (Ig) gene probe used in this study was 
a 6 kb BamHI-HindIII genomic fragment containing the J region 
of the Ig heavy-chain gene (Jn) [provided by Dr, P. Leder, Harvard 
Medical School, Boston (Ravetch et al. 1981)]. The TCR gene 
probe comprised 312 base pairs of BglII-StuI fragment of the DNA 
clone, YT35, having the constant region of the TCR/Lchain gene 
(provided by Dr. T. Mak, University of Toronto, Toronto) (Yanagi 
et al. 1984). Figure 4 shows the structural relationships of TCR/~ 
and Ig Jn gene probes to their respective lock The criteria for 
the rearrangements of TCR/~ and Ig Jn genes was the appearance 
of new bands on the autoradiographs of lymphoma DNA plus 
partial or complete deletion of germ-line bands. 

For Northern hybridization, extraction of total cellular RNA 
was performed as described previously (Maniatis et al. 1982) ac- 
cording to the guanidinium/hot phenol method. Polyadenylated 
RNA was selected by oligo (dT)-cellulose chromatography. North- 
ern transfer and filter hybridization were conducted by the method 
of Thomas (1980). Hybridization was performed at 42 ~ C in 50% 
(v/v) formamide/5 x SSC/50 mM of sodium phosphate buffer 
(pli 6.8)/0.1% bovine serum albumin/0.1% Ficoll 400/0.1% poly- 
vinyl pyrrolidone/5% dextran sulphate containing sonicated 
Escherichia coli DNA at 100 gg/ml and yeast RNA at 100 gg/ml. 
After hybridization, the filter was washed rive times in 0.1 x SSC+ 
0.1% SDS at 65 ~ C. 

R e s u l t s  

The expression of  T C R p  and TCR6 in lymphoid tissues 
such as lymph node, tonsil, and thymus was examined 
immunohistochemically. Immunoreact ivi ty  of  the anti- 
TCR/~ mAb, /?F1, was detected in most  lymphocytes 
of  paracortical or interfollicular areas in lymph nodes 
(Fig. 1 a, b) and tonsils. /~F1 immunoreactivi ty was evi- 
dent in a few lymphocytes of  the germinal centre in 
lymph nodes and tonsils. The pa t t e rn  of  its reactivity 
was similar to that of  Leu4 (CD3) in these lymphoid 
tissues. Although //F1 reacted with a large number  of  
cells in both the cortex and medulla of  the thymus, the 
number  of  thymocytes expressing TCR/~ were less than 
those expressing CD1, CD4 and CD8 (Fig. 2a-c) .  A 
small number  of  T-cells was found to bear TCR6 in 
lymph node, tonsil and thymus. 
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The 47 non-Hodgkin 's  lymphomas  were classified 
histologically according to the updated Kiel classifica- 
tion (Stansfeld et al. 1988) (Tables 1 and 2). The 6 cases 
of  Hodkin ' s  disease were examined and classified ac- 
cording to Rye classification (Table 4). Non-Hodgkin ' s  
lymphomas  were also classified immunologically by sur- 
face markers.  Lymphomas  expressing at least one of  T- 
cell markers  such as CD3, 4 and 8 were classified as 
T-cell lymphomas.  One lymphoblast ic type (case 19) had 
CD7 but not CD1, 3, 4, 8, or 20 (Table 1). Lymphomas  
expressing CD20 but not the surface markers  of  T-cells 
were considered B-cell lymphomas  (Table 2). Ki-1 posi- 
tive large cell anaplastic lymphomas  (cases 20, 21) were 
positive for CD25, 30 and H L A - D R  (Table 1 ; Stein et al. 
1985). 

Table 1 summarizes the expression of  T C R  in 19 T- 
cell and 2 Ki-1 lymphomas.  TCR/~ was expressed in 15 
of 19 T-cell lymphomas  which included 13 C D 3 +  
CD4 + C D 8 -  T-cell lymphomas  (Fig. 3) and 2 CD3 + 
C D 4 -  C D S +  T-cell lymphomas  (Table 1), A T-cell 
lymphoblastic lymphoma and 3 C D 3 +  C D 4 +  C D 8 -  
T-cell lymphomas  including 1 adult T-cell leukaemia 
(ATL) were negative for T C R / t  Although no simple 
correlation could be found between morphological  ap- 
pearance and /?F1 expression in T-cell lymphomas,  3 
//F1 - CD3 + C D 4 +  cases were high-grade lymphomas  
and expressed IL-2R (CD25) to a high degree (cases 
13-15, Table 1). No TCR/~ could be detected in 26 B-cell 
lymphomas  (Table 2). Although I Ki-1 lymphoma was 
negative for TCR/~, a small number  of  cells in 1 Ki-1 
lymphoma expressed T C R  but hot CD3. No TCR6 ex- 
pression in T-cell, B-cell or Ki-1 lymphomas  could be 
found (Tables 1, 2). 

TCR/~ and Ig Jn chain gene configurations were ex- 
amined by Southern hybridization (Fig. 5, Table 3). No 
rearrangement  of  Ig Jn chain genes was noted in 9 T-cell 
lymphomas,  2 Ki-1 lymphomas  or 3 Hodgkin ' s  diseases 
(Table 3). All 9 T-cell lymphomas  each showed a rear- 
ranged TCR/ / l ocus  (Table 3). Such rearrangement  was 
not found in 2 Ki-1 lymphomas.  Neither rearrangement  
was observed in 3 cases of  Hodgkin 's  disease (Table 3), 
al though 11 kb bands of EcoRI  digested D N A  obtained 
from 2 of 3 cases were diminished or deleted (data not 
shown), indicating there to be polyclonal populat ions 
of  T-cells in the lymphomas,  as previously reported 
(Griesser et al. 1987; Roth et al. 1988). 

D1 Jl C31 D2 J2 
, y  ~ � 8  I ttt111[ I 1[[111 l i i 

5' B E H EH E 

a TCR̀  probe 

D J 
I I I I  I I I I 

~' ' l l l l l  I I I I ' 
5 , E  H B H 

b JH probe 

C~2 

H 

I /;II 
E BH 3' 

ikb 

C~ 

ikb 

3 ' 

Fig. 4. Restriction maps of genomic 
TCR/~ (A) and Ig Jn (B) genes. Each 
probe used in this study is indicated 
by a thick bar. Open boxes and vertical 
bars represent exons including the 
diversity (D), joining (J) and constant 
(C) DNA segments. Restriction 
enzyme abbreviations are as follows: 
B, Bam HI; E, EcoRI; H, Hind III 
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1 3 4 5 1 2 3 

-11,0 kb 
- 8,0 kb 

-4,1 kb 

Eco RI Hind III 

- 3 , 6  kb 

Fig. 5. The rearrangement patterns of 
T-cell receptor/~ chain genes in three 
patients with T-cell lymphomas. 
Lanes 1-5 show the patterns 
following digestion with EcoRI and 
HindIII for 3 patients selected from 
Table 3 and for two controls. Lane 1, 
case 14; lane 2, case 15; lane 3, case 
13; lane 4, MOLT-4F (T-cell 
leukaemic cell line); lane 5, germ-line 
control. The germ-line positions are 
indicated on the right in kilobases 
(kb). EcoRI digestion gave 2 germ- 
line bands of 11.0 kb and 4.1 kb. 
The germ-line configuration digested 
by HindIII gave 2 bands of 8.0 kb 
and 3.6 kb 

Table 3. Immunophenotypes and rearrangements of immunoglobulin and T-cell receptor genes in malignant lymphomas 

Case no. Surface markers" Rearrangements b 

TCRfl CD3 CD4 CD8 CD20 CD30 TCRfl Ig J .  

E H E H 

1 T + +  + + +  + +  - - - R G G G 
2 T + + +  + + +  + +  -- -- -- G R G G 
3 T + + +  + + +  + +  - - - R R G G 
6 T + +  + + +  + + +  -- -- -- R R G G 

l0 T + +  + + +  + + +  - - - R R G G 
13 T -- + + +  + +  -- -- -- R R G G 
14 T - + +  + +  -- - - G R G G 
15 T -- + + +  + + +  -- -- -- R R G G 
18 T + +  + + +  -- + +  - - G R G G 
20 Ki-1 + . . . .  + + + G G G G 
21 Ki-1 - - + - - + + G G G G 
48 HD . . . . .  + G G G G 
49 HD . . . . .  + + G G G G 
50 HD . . . . .  + + G G G G 

a T, T cell lymphoma; Ki-1, Ki-I positive large cell lymphoma; HD, Hodgkin's disease 
b E, EcoRI; H, HindIlI;  R, rearrangements; G, germ line configuration 

W i t h  r e g a r d  to  t he  e x p r e s s i o n  o f  T C R f l ,  T C R f l  g e n e  

r e a r r a n g e m e n t  w a s  f o u n d  n o t  o n l y  in flF1 p o s i t i v e  T-ce l l  
l y m p h o m a s  b u t  a l so  in 3 T-cel l  l y m p h o m a s  n e g a t i v e  f o r  

flF1 (cases  1 3 - 1 5 ;  Tab le  3, F ig .  5). 

/~F1 a n d  T C R 6 1  fa i led  to  r e a c t  w i t h  H o d g k i n ' s  o r  

R e e d - S t e r n b e r g  (RS)  cells in  6 cases  o f  H o d g k i n ' s  d i sease  
(Table  4), a l t h o u g h  sma l l  l y m p h o c y t e s  w e r e  s t a i n e d  w i t h  

/~FI. B o t h  H o d g k i n ' s  a n d  R S  cells w e r e  s t a i n e d  w i t h  

L e u M 1 ,  R S C 1  a n d  I L - 2 R .  S L E X  w a s  e x p r e s s e d  o n  the  

l y m p h o c y t i c  a n d  h i s t i ocy t i c  v a r i a n t s  o f  R S  cells o f  o n e  



Table 4. Expression of TCRfl and TCR6 in Hodgkin's lymphomas 

Case Histologicalsubtype TCRfl TCR3 CD30 CDI5 SLEX 
n o .  

48 Lymphocyte -- -- + -- + 
predominance 

Nodular sclerosis - - + + + + - 
Mixed cellularity - - + + + + - 
Mixed cellularity - - + + + + - 
Mixed cellularity -- -- + + + + -- 
Lymphocyte - - + + - 

depletion 

49 
50 
51 
52 
53 

1 2 3 4 5 6 7 

Fig. 6. Northern hybridization analysis. Poly(A) + was denatured 
and separated in a 1% agarose gel containing formaldehyde and 
hybridized with TCRfl probe. Lane 1, case 13 (flF1 --CD3 + T-cell 
lymphoma listed in Table 5); lane 2, case 14 (flF1--CD3+ T-cell 
lymphoma listed in Table 5); lane 3, Hodgkin's lymphoma (case 
50 listed in Tables 3 and 4); lane 4, normal lymph node; lane 5, 
CEM; lane 6, MT-2; lane 7, MOLT-4F. The arrow indicates 1.3 kb. 
Intactness of total RNA was confirmed by agarose gel electrophor- 
esis following denaturation with glyoxal 

Table 5. Relationship between expression and rearrangement of T- 
cell receptor fl gene in TCRfl-- CD3 + T-cell lymphomas 

C a s e  HO. Surface markers Expression Rearrange- 
of TCRfl ment of 

TCRfl CD3 CD25 mRNA TCRfi gene 

13 - - -  + - } -  - t - +  - R a 

14 - + +  + + +  - R 

15 - + + + + + + N o t  t e s ted  R 

a R, rearrangements 
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tumour  of  the lymphocyte predominance type, while the 
expression was negative for all other types. 

Northern blot analysis was performed on polyadeny- 
lated R N A  to analyse the transcription of  the TCRfl  
gene of  flF1 negative T-cell lymphomas  in which TCRfl  
gene rearrangement  was observed. Full length TCRfl  
transcripts of  1.3 kb were demonstrated in T-cell leuk- 
aemic ceI1 lines such as MOLT-4F ,  MT-2 and CEM, 
normal  lymph node and Hodgkin 's  disease. However,  
no transcripts of  TCRfl were observed in 2 flF1 negative 
T-cell lymphomas  in which there was TCRfl gene rear- 
rangement  (Fig. 6, Table 5). 

D i s c u s s i o n  

The immunoreactivi ty of  anti-TCRfl  chain mAb,  flF1, 
in T-cell lymphomas  was investigated and 3 cases of  
f l F 1 - C D 3  + T-cell lymphomas  were observed, f l F 1 -  
CD3 § T-cell lymphomas  have been reported previously 
but without any indication as to the molecular basis 
for aberrant  expression of  TCRfl  in surgical material  
f rom f l F 1 - C D 3 +  T-cell lesions (Chan et al. 1988; Ng 
et al. 1988). The expression of  T C R  in T-cells requires 
a complete functional rearrangement  to encode for 
m R N A  and co-expression of  CD3 molecules in order 
to make functional units in T-cells (Minden and Mak  
1988). TCRfl  gene rearrangement  in the 3 cases in the 
present study was not accompanied by TCRfl gene tran- 
scripts in 2 cases. The lack of transcripts in flF1 - -CD3 + 
T-cell lymphomas  may thus be considered responsible 
for the non-expression of  TCR/3 protein. The non-tran-  
scription of  the TCRfl gene in T-cell malignancies can 
be explained on the basis of  structural abnormalities of  
genes or non-productive rearrangement,  possibly asso- 
ciated with neoplastic t ransformation or alteration 
(Duby and Seidman 1986; Su et al. 1988). TCRfl  tran- 
scripts and protein were shown to be induced by phorbol  
ester in f l F 1 -  C D 3 -  post- thymic T-cell l ymphoma  cell 
lines which rearranged the TCRfl  gene locus. Thus, the 
functional rearrangement  of  T C R  genes in those T-cell 
lines may occur (Su et al. 1988). Although it could not 
be determined whether TCRfl  gene rearrangements in 
flF1 - CD3 + T-cell lymphomas  were non-productive or 
functional in the present study, the loss of  one or more 
T-cell antigens in peripheral T-cell lymphomas  has been 
observed in lymphomas  of  high-grade malignancy (Stein 
et al. 1984; Hollema and Poppema 1989) and reported 
to be accompanied by the expression of  activation anti- 
gens such as IL-2R or H L A - D R  (Winberg et al. 1985; 
Borowitz et al, 1986; Mas tuoka  et al. 1986). In the pres- 
ent study, 3 f l F 1 - - C D 3 +  T-cell lymphomas  including 
1 A T L  were high-grade and expressed IL-2R to a high 
degree. The absence of the T-cell antigen and expression 
of activation antigens are considered to be related to 
tumour  progression or activation processes of  T-cells. 

The expression of  TCRfl  and TCR6 in lymphoid tis- 
sues and malignant  lymphomas  was examined immu- 
nohistochemically and TCRfl expression was noted in 
most  T-cells of  the thymus-dependent  areas in normal  
lymphoid tissues such as thymus, lymph nodes and ton- 
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sil, and most peripheral T-cell lymphomas. In contrast 
to TCRfl, TCR6 was expressed in a small sub-popula- 
tion of normal T-cells in lymphoid tissues and did not 
react with malignant lymphoma cells. With regard to 
other surface markers, TCR and CD3 were co-expressed 
in the lymphoid tissues and most peripheral T-cell lym- 
phomas including 13 C D 3 + 4 + 8 -  cases and 2 C D 3 +  
4--  8 + cases, although TCR heterodimers were associat- 
ed with CD3 proteins in normal T-lymphocytes. Essen- 
tially the same findings have been reported for the ex- 
pression of  TCR and CD3 (Chan et al. 1988; Ng et al. 
1988). As for the expression for TCRfl and CD3 in post- 
thymic T-cell malignancies, four different patterns, i.e., 
f l F I + C D 3 + ,  f l F I - C D 3 + ,  f l F I + C D 3 - -  and f l F 1 -  
C D 3 - ,  were observed (Ng et al. 1988). The major im- 
munophenotype of  peripheral T-cell lymphomas was 
flF1 + CD3 + ,  which is considered to represent classical 
T-cell immunophenotype. Although flF1 + C D 3 -  was 
shown to be an aberrant T-cell immunophenotype, 1 
Ki-1 lymphoma was classified as this phenotype. The 
immunophenotype of 3 T-cell lymphomas was f l F 1 -  
CD3 + .  Although Ng et al. (1988) considered that it was 
possible that C D 3 + T C R f l - -  T-cell tumours represent 
the malignant counterparts of  normal T-cells expressing 
TCR76, the present 3 cases of T C R f l - C D 3 +  T-cell 
lymphomas (cases 13 15) were negative for TCR6. The 
immunophenotype of 1 TCRfl-TCR6-1ymphoblastic 
lymphoma was CD1 - CD3 -- C D 4 -  CD7 + CD8 - and 
thus this phenotype may represent the malignant coun- 
terpart of  T-cell precursors not expressing CD3 and 
TCR molecules (Haynes et al. 1988). 

The expression of  TCR protein was examined in 
Hodgkin's disease. Hodgkin's and RS cells were negative 
for flF1 and TCR61, although the expression of  T-cell 
antigens such as T l l ,  Leu3 and Leu4 in RS cells has 
been reported (Kadin et al. 1988). Southern blot analysis 
of 2 Hodgkin's  disease cases showed diminished intensity 
of the 11-kb band of  EcoRI digestion using TCRfl 
probe, possibly indicating a polyclonal T-cell population 
(Roth et al. 1988). A single band of 1.3 kb was found 
in one Hodgkin's disease case by Northern blot analysis 
and considered to have derived from non-neoplastic 
polyclonal T-cells but not RS cells. The cellular origin 
of  RS cells could not be determined in the present study. 

TCR and Ig gene rearrangements have been found 
to function as markers of  clonality and the cell lineage 
of lymphoproliferative disorders (Minden and Mak 
1986; Feller et al. 1988). However, they do not indicate 
cell lineage in all cases, since both rearrangements may 
cross lineage lines and neither are they restricted to B- 
or T-cells (Cossman et al. 1988). The analytical results 
of  these rearrangements have been found applicable to 
the monitoring of  therapy in lymphomas and to facilitate 
the early detection of lymphoma recurrence (Minden 
and Mak 1986). All T-cell lymphomas examined in the 
present study were shown to exhibit rearranged TCRfl 
gene but no rearrangement of the Ig Jn gene, thus con- 
firming the clonality of these neoplasms. The clonality 
for T-cells could not be determined by phenotypic 
markers and consequently, to facilitate the diagnosis of  
lymphoproliferative disorders, the examination of  gene 

rearrangement and immunophenotyping should be con- 
ducted together. 
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