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DETECTION OF S O L U B L E  'r CELL Rb:CEPTOR -RELEASING CELLS 
HY m.IsPo'r ASSAY 

Shigcaki Ishizaka, Makoto Kimoto, Toshimasa Nishiyama 
Tsunej 1 Xrak i 

Department of Parasitology, Nara Medical 
University, 840 Shijo-Cho, Kashihara, Nara 6 3 4 ,  Japan 

i\ B S TRACT 

\ specific and sensitive enzyme-linked imrnunospot 
(ELLSPOT) assay has been developed f o r  the detection 
and enumeration of soluble 'T cell receptor (TCR)- 
re Leas 
at the, 
j i k  I ng 
human 
(NH134 
YT-2 c 

rig cells. Using  this method,we readily detected 
single cell level the release of soluble TCI2 by 
T Lymphoma cells (MT-2 and H S B - 2 )  but not by 

B lyinphoma cells (DAKIKI), mouse hepatorna cells 
and dead MT-2. Furthermore, distinct spots jn 
11 culture were not visualized using several 

monoclonal antibodies against antigens unrelated to 
T C R s  as a primary antibody. 'The specific and 
qunn t i tat i ve ti c t e  c t i on so 1 u b 1 e 'I'CR- re 1 e as i ng ce 1 1 s 
using ELISPOT assay will certainly provide a valuable 
t o o l  to better characterize soluble TCRs and their 
r e l a t , i o n s h i p  to immune regulation and a number of 
diseases. 

o f 

( K E Y  ~ O H D S :  soluble x r t ;  ELISPOT; T lymphoma; 
cgcloheximide) 
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98 ISHIZAKA ET AL. 

INTRODUCTION 

Natural soluble membrane receptors such as 

epjdermal growth factor receptors(l), interleukin-2 

(IL-2 ) receptors(2), Fc a receptors(3), IL-4 receptors 

( A ) ,  IL-6 receptors(5) and tumor necrosis factor 

receptors(6) are well known to exist in serum or 

urine. In addition, it has recently become apparent 

that a T cell suppressor €actor (TsF) produced by 

suppressor T hybridomas shares some epitopes with 

TCR (7,8). The suppressive effect on lymphocytes 

attributed to TsF was confirmed by blocking i t s  

activity with a monoclonal antibody specific for the 

TCR d-chain, but not for the TCR A-chain (9,lO). A 

study by Behlke and Loh(l1) suggests that a soluble 

form of the d / P receptor is synthesized via 

alternative RNA splicing in the constant region of 

the TCR. Based on these findings, Takata et a1.(10) 

have interpreted that the TsF is not a shed form o f  

the membrane TCR. 

Other investigators have demonstrated that the TsF 

shares serologically common determinants with both d 

- a n d  &-chains of TCR(7,12-14). It has previously been 

shown that helper T cells also produce antigen- 

specific helper factors bearlng TCR V A 8  determinants 

(15). These findings raise the interesting poss~bllity 
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ELISPOT ASSAY FOR TCR-RELEASING CELLS 99 

that T cells secrete soluble factors that are 

antigenically related to TCRs. This possibility has 

prompted us to evaluate the applicability of the 

ELISPOT assay ( 1 6 , 1 7 )  for detecting soluble l‘CRs- 

releasing cells, using T lymphoma cells as model 

sys tem. 

XATERIALS AND METHODS 

Cell lines 

HT-2 (human T lymphoma), HSB-2 (human T 

lymphoblastoid cells), DAKIKI(1gA secreting human B- 

cell lyrnphoblastoid cells) and MH134(murine hepatoma 

cells) were maintained in RPMIl640 medium supplemented 

with 1 % fetal bovine serum(FBS), 60 mg/L kanamycin 

and 2 rnM glutamine. To detect soluble TCRs-releasing 

cells, each cell line (10‘ celLs/O.5 ml per well) was 

incubated in RPMI1640 medium containing 1 % FBS and 2 

rnM glutamine for 6 h at 37 “C in humidified atmosphere 

of 5 % C02 in air. The cell viability was always more 

than 95 % using the method of Stewart and Ingram (18). 

Dead MT-2 cells were obtained by freeze-thawing of 

HT-2 cells ( 2 ~ 1 0 ~  cells/ml) in distilled water. 

ELISPOT assay for the detection of single cells 

secreting soluble TCR 
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100 ISHIZAKA ET AL. 

P I T - 2 ,  H S B - 2 ,  D A K I K I  a n d  M H 1 3 4  cells ( l o 4  c e l l s / 0 . 5  

ml p e r  w e l l )  s u s p e n d e d  i n  RPM11640 medium c o n t a i n i n g  1% 

FBS w e r e  a d d e d  t o  l i l i l l i c e l l  ( 1 2  mm i n  d i a m e t e r ;  

X i l l i p o r e ,  R e d f o r d ,  M A )  in f l a t - b o t t o m e d  2 4 - w e l l  

p l a t e s  ( C o r n i n g  L a b o r a t o r y  S c i e n c e s ,  C o r n i n g ,  NY) . The 

c u i t u r e s  were p l a c e d  i n  a h u m i d i f i e d  i n c u b a t o r  €or 

6 h. i n  a n  a t m o s p h e r e  o f  5% C02 i n  a i r  a t  37'C. The 

incubated cells o n  Y i l l  ice11 membrane were removed 

~ w i t h  a c e l l  s c r a p e r  a n d  t h e  membranes  were washed  

5 h r e e  times w i t h  T r i s - b u f f e r e d  saline p H  7 . 6  (TBS). 

Then, the Y i l l i c e l l  w e l l  w a s  t r e a t e d  f o r  1 0  min w i t h  

TBS-2% H202 t o  i n h i b i t ,  e n d o g e n o u s  p e r o x i d a s e  a c t i v i t y  

aiid s u b s e q u e n t l y  w a s h e d  f i v e  t i m e s  i n  'I'RS c o n t a i n i n g  

1% Tween 2 0  ( T B S T ) .  E a c h  w e l l  w a s  b l o c k e d  w i t h  0 . 5  m l  

o f  3% b o v i n e  s e r u m  a l b u m i n  ( B S A )  i n  TBS for 1 h a t  

37 OC, f o l l o w e d  b y  t h r e e  w a s h e s  i n  T B S T .  The  w e l l s  w e r e  

i n c u b a t e d  w i t h  0 . 2  ml o f  mouse a n t i - h u m a n  T C R  d& 

inonocl o n a l  a n t  i b o d y  (rnAb) BW242/4 L2 I g G B  ( 1000- i d i  l u t  i o n  ; 

T c e l l  D i a g n o s t i c s ,  C a m b r i d g e ,  H A ) ,  mouse a n t i - ' I ' C R d  

mAb 3 A 8  i g G 2 a  (1000-' d i l u t i o n ;  T c e l l  D i a g n o s t i c s ) ,  

mouse anti- 'I 'CR ,8 m A b  8 A 3  IgG; (lOOO-' d i l u t i o n ;  

T cell D i a g n o s t i c s ) ,  mouse a n t i - h u m a n  e p i t h e l i a l  

membrane a n t i g e n  ( E N A )  mAb I g G 2 , ( p r e d i l u t i o n ;  N i c h i r e ,  

T o k y o ) ,  moiise a n t i - h e p a t i  t i s  €3 surface a n t i g e n  (HBs) 

m A b  IgGZb ( p r e d i l u t i o n ;  N i c h i r e )  o r  mouse a n t i - h u m a n  
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ELISPOT ASSAY FOR TCR-RELEASING CELLS 101 

myoglobin mAb IgG, ( 1000-1 dilution; ICN Biochemicals, 

Costa Yesa, C A )  in TBS containing 1% BSA overnight at 

4 ‘C, and washed four times with TBST. The wells were 

subsequently incubated with 0.2 r n l  of biotin-conjugated 

goat F(ab’I2 fragment anti-mouse IgG (Immunotech, 

Marseille, France) diluted at 1 : 2 0 0  in TBS containing 

1% USA for 1 h. -4fter four washes in TBST, the welis 

were exposed to 0.2 r n l  of a 1 : 5 0  dilution of 

streptavidin conjugated to horseradish peroxidase 

(Vector Lab. Burlingame, CA) €or 30 min, and washed 

three times with distilled water. The spots were 

visualized by the addition of substrate solution 

containing 0.2 rng/rnl DAB (3,3’-diaminobenzidine.4HCl; 

Iiako Pure Chemical Industries, Tokyo) and 0.003% 

H202 in 50 mM TBS, pH 7.6. The number of spots 

in the wells was counted with a microscope at 10 x 

magni€ication. 

Treatment with cyc toheximide 

XT-2 cells ( 2  x lo4 cells/ml) were pretreated 

with cycloheximide (5 & g / m l  o r  50 ygjml; Sigma, S t .  

Louis, Y O )  in RPM11640 medium containing 1% FBS for 1h 

at 37°C. After extensive iliashing, the cells (2 x lo4 
celLs/ml) were incubated once in Millicell in 0.5 m l  

volumes of RPM11640 medium containing cycloheximide 

(5 @g/ml or 59 f ig/mi)  and 1% FBS for 6 h at 37 “C. 
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ISHIZAKA ET AL. 102 

2 E S UL T S 

An t i ge n- spec i f i c EL I SPOT 

Y1'-2 c e l l s  (101 cellsjwell) were incubated in 

individual wells of ?fillice11 f o r  6 h at 37 "C. The 

cells were removed by repeated washes and then blocked 

by adding B S A .  Wells were exposed to either anti-EMA 

mAb (predilution), anti-HBs mAb (predilution) or 

ant i-h?.iman myoglobin m A b  ( I: 200 o r  1: 1000 dilution) as 

negative controls or anti-TCR dA mAb (I: 1000 dilution). 

A f t e r I gG 

antibodies, ~ n e  brown spots were detected by adding 

streptavidin conjugated to horseradish peroxidase 

and substrate. The spots in "-2 cultivated wells 

s e r e  detected apparently by anti-TCRdfi mAb, but neither 

k)) the presence of anti-EMA mAb, anti-HBs milb and 

anti-human myoglobin m A b  nor by the absence of primary 

antibodies (Fig. I). The development of spots did not 

occur in cell-free wells. 

i n cu bat i o n w i t h b i o t i n- con j u ga t ed ant i - mou s e 

T i m e  course o f  soluble T C R d R  secretion 

T l i e  number of TCR+!A spots produced by MT-2 

cclls/well) augmented rapidly in a time-dependent 

fashion. The maximal number was reached between 3 

and 6 h ,  whereas T C R d b  s p o t s  in dead MT-2 cells failed 

to be detected (Fig. 2). Based on these observations, 
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ELISPOT ASSAY FOR TCR-RELEASING CELLS 103 

Anti-TCR cra 

Anti-myoglobin 1200 

Anti-myoglobin 1 1000 

Anti-HBs 

Anti-EMA 

None 

I 

I 

2 

3 FIGURE1 Detection of primary antibodies-specific spot 
in MT-2 cells using ELISPOT assay. MT-2 cells( 10 
cells per well ) were incubated in Mill'cell for 6 h. 
A f t e r  washing, anti-human TCR 
) ,  anti-human EMA mAb( prediiution ) ,  anti-HBs mAb( 
predi'ution ) or anti-human myoglobin mAb( 200-' and 
IOOO-' dilution ) were added to each well, followed 
by biotin- labelled anti- mouse IgG, streptavidin 
conjugated to horse radish perioxidase and the 
substrate. Each bar is the means of five separate 
experiments perf o rnied ~n duplicates. Brackets 
represent S.E. of the means. 

mAb( IOOO-' dilution 

an incubation time of 6 h was chosen for all subsequent 

experiments. 

Concentrations of primary antibodies 

After incubation of MT-2 cells ( l o 4  cells/well) 

Eor 6 h ,  primary antibodies against T C R o ( , J ,  T C R  

d a n d  T Z R B  of diliitions ranging f r o m  1 : 2 5 0  to 1:4000 
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T 

. u 
0 

c1: u 2  
I- ! 4l 

0 '  r\ 
n ,-, n 
Y Y 

1 3 G 12 
h 

FtGLRE2 K i n e t i c s  o f  T C R d f l  s p o t s  I 'ormed by  l i v i n g  a n d  
tlcac! YT-3 ceils. L i v i n g (  ) a n d  d e a d (  0 'i PIT-2 
c e l l s (  10 c e l l s ; / w e l l  ) were i n c u b a t e d  f o r  12 h .  
The number o f  TCR dB s p o t s  w a s  e s t i m a t e d  o n  t h e  
i n d i c a t e d  h o u r s .  E a c h  p o i n t  r e p r e s e n t s  t h e  means  o f  
t r i p l i c a t e d  e x p e r i m e n t s .  Each  v c r i c a l  b a r  r e p r e s e n t s  
S . E .  o f  t h e  m e a n s .  

w e r e  added. By u s i n g  a n t i - l ' C R d f i ,  a n t i - T C R  d or 

d n t i - T C R  R xlb at d i l u t i o n s  b e t w e e n  i:250 a n d  

l : i U O O ,  d e  w e r e  able t o  d e t e c t  e f f i c i e n t l y  TCR- 

reLensing c e l l s .  The  a d d i t i o n  o f  a n t ~ - T c R  a n t i b o d i p s  

c l i l u t e d  t o  l e s s  t h a n  1:lOOO l e d  t o  a p r o g r e s s i v e  

r l c > c l i n e  o f  t l i ?  number  o f  TCR s p o t s  ( T d b l e  1 ) .  

TCfZ s p o t  f o r m a t i o n  b y  s e v e r a l  d i f f e r e n t  t u m o r  c e l l s  

't ihen TCR r e l e a s i n g  c e i l s  ~n YT-2 a n d  HSB-2 as a 

'T Lymphoma cell l i n e  were m e a s u r e d  b y  ELISPOT a s s a y s ,  
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106 ISHIZAKA ET AL. 

30th cell lines formed considerably TCR OCP - ,  TCR o! - 

and TCR A -specific spots. In contrast, no TCRs- 

specific spots could be demonstrated in DAKIK'I (human 

H-cell lymphoblastoid cells) and NH134 (murine hepatoma 

cells)(Table 2). Spot formation by tumor cells did 

not, occur when primary anti-TCRs mAb had been 

omitted (Table 2 ) .  

Treatment, of MT-2 cells with cycloheximide 

To investigate whether protein synthesis was 

required f o r  TCR-specific spot formation, MT-2 cells 

were pretreated and subsequently incubated in the 

presence of cycloheximide. The number of TCR &3 - 

specific spots was reduced remarkedly by treatment 

of' ?IT-2 cells with cycloheximide (Fig. 3 ) .  

DISCUSSION 

The ELISFOT assay for detecting single cells 

producing v-arious cytokines is now well established 

( 1 9 - 2 3  ) .  In this report we have made an attempt to 

better detect soluble TCR-releasing cells usi.rig 

E L I S P C T  assay. The membrane in Miilicell was coated 

with anti-TCR d or anti-TCR b mAb in our initial 

experiments. The wells were reacted with primary anti- 

T C R  13 or TCR d mAb and secondary biotin-conjugated 
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108 ISHIZAKA ET AL. 

None 

Cycloheximide 5 sg/ml 

Cycloheximide 50 .ug/ml 

0 2 4  6 8 10 12 

TCR a p spot11 o5 cells x 1 o - ~  

FIGURE3 Effects of cycloheximide on TCR d,6 s p o i  
formation in MT-2 cells. MT-2 cells( 2 Y 10 
ceLLs/ml ) were pretreated for 1 h and incubated 
for 6 h in the presence of cycloheximide( 5pg/ml or 50 
.pug/ml ) .  Each bar is the means in three separate 
euperiments. Brackets represent S.E. of the means. 
1 comparison of cycloheximide treatment with controls; 
+ ,  p<0.001 

anti-mouse IgG dncibodies. Soluble TCRd>compleu- 

rcleasing cells could be detected by this ELISPOT 

assay. Since t h e  single TCR Ol - o r  TCR P -chain 

releasing cells Failed to be observed by this assay, 

the cells were Lncubated directly on the uncoated 

membrane o f  Yillice!l wells. For the detection of 

s o l u b l e  TCR-releasing cells, cells were suspended in 

RPYI1640  medium containing 1% FBS and added to the 

unc-oatAng wells. When the cells were incubated i n  

medium with 1% FBS or in protein-free PFHY-I1 medium 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
2
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



ELISPOT ASSAY FOR TCR-RELEASING CELLS 109 

( C i b c o  B R L ,  G a i t h e r s b u r g ,  YD), t h e  r e s u l t s  were 

s imi la r .  T h e r e f o r e ,  we have  c h o s e n  t o  u s e  RPM11640 

medium c o n t a i n i n g  1.% FBS i n  t h i s  r e p o r t .  The t r e a t m e n t  

‘ ~ i - t h  H702 a f t e r  c e l l  i n c u b a t i o n ,  w h i c h  i n a c t i v a t e s  

endogenous  p e r o x i d a s e  d e r i v e d  from a d h e r e n t  c e i i s ,  

s i g n i f i c a n t l y  r e d u c e d  t h e  background  s p o t s .  F u r t h e r  

c l e a n i n g  o f  t h e  s o l i d  p h a s e  w i t h  a c e l l  s c r a p e r  t o  

remove t h e  c e l l s  and  t h e i r  d e b r i s  f rom t h e  membrane 

a l s o  h e l p e d  t o  r e d u c e  b o t h  t h e  background  a n d  f a l s e  

s p o t s .  TCR s p o t s  by FfT-2 c e l l s  were  n o t  d e t e c t e d  by  

p r i m a r y  anti-EMA milb IgGZa,  an t i -HBs  mAb IgGgb arid 

an t i -human  myog lob in  mAb IgGl which  have  t h e  same IgG 

i s o t y p e  as a n t i - T C R s  mRb u s e d  i n  t h i s  s t u d y  ( F i g .  I ) .  

Khen we have  t e s t e d  t h e  s p e c i f i c i t y  o f  six d i f f e r e n t  

s e c o n d a r y  a n t i b o d i e s  i n  ELISPOT a s s a y ,  b i o t i n -  

c o n j u g a t e d  g o a t  F (  a b ’  ) a n t  i -mouse IgG employed  

i n  t h i s  ELISPOT a s s a y  f a i l e d  t o  make t h e  b a c k g r o u n d  

s p o t s  among o t h e r  t e s t e d  s e c o n d a r y  a n t i b o d i e s .  TCR- 

s p e c i f i c  s p o t s  were  p r o d u c e d  by  YT-2 and HSB-2 c e l l s  

as a human T lymphoma c e i i  l i n e  b u t  n o t  by DAKIKI 

(human B - i y m p h o b l a s t o i d  c e l l s )  arid XI134  ( m u r i n e  

hepatorna c e l l s )  ( T a b l e  2 ) .  F u r t h e r m o r e ,  s o l u b l e  T C R  

s e c r e t i n g  c e l l s  i n  human p e r i p h e r a l  b l o o d  mononuc lea r  

c e l l s  h a v e  been  d e t e c t e d  by ELISPOT a s s a y  ( s u b m i t t e d ) .  

- 
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110 ISHIZAKA ET AL. 

On the basis of these findings, it strongly suggests 

that T cells spontaneously release soluble TCR. 

Since t h e  number of TCR d,&specific spots in MT-2 

celis w a s  greatly reduced by cycloheximide, an 

inhibitor of protein synthesis (Fig. 3), TCR spot 

Formation appears to depend on d e  n z o  protein 

synthesis by HT-2 cells. In addition, TCR spot 

Formation by dead ?IT-2 cells did not occur (Fig. 1). 

These resuits indicate that spot formation resulted 

f rom secretion of rather than from shedding form of 

the membrane TCR. 

Soluble TCRs may play an important role in 

regulating various types of immune responses. Some 

reports (7,10,12,14,25) demonstrate that the TsF shares 

an o( chain and / or a A -chain epitope with TCR. 

ThereFore, the soluble TCR appears to cause the 

suppressive activity in the immune responses. In 

addition, the soluble TCR may possess the capacity to 

trigger heiper or effector functions, because soluble 

helper T cell fact,ors also share antigenic 

determinants with TCRs (15). The ELISPOT assay f o r  

the detection O P  soluble TCR-releasing cells 

increases the poten-tial usefulness of this technique 

f o r  s t, ud y i ng the imniunoregulation and the 

understanding of disease processes. 
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