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Antibody response and delayed

type hypersensitivity (DTH) are 

entirely different phenomena, and 

the optimal conditions of immuni

sation for each are usually different 


~. with respect to antigen dose, adju
' . vant and route of antigen admin

istration. In many instances, the 
generation of antibody response and 
DTH seem antagonistic. 1,2 We have 
shown previously that immunisa
tion of mice by the method most 
effective in inducing helper activity, 
did not result in the generation of 
DTH. 3 On the other hand, recent 
studies have shown that the charac
teristics of T cells mediating helper 
function and T cells mediating DTH working on distinct activities of the showing both activities might sub
are virtually identical. Both cells same cell,9 though the exact mecha sequently differentiate to express 

." 	belong to the Lyt 1+ T subset; both nism of discriminant suppression only one of them. 

recognise antigen together with self has never been clarified. 

[a antigen; and both have no killer We tried to investigate whether 

activity.4-7 Thus it is commonly Lyt 1+ T cells were always capable 

thought that a single T cell could of mediating both activities or 


MATERIALS AND METHODSmediate both phenomena. The find whether they could differentiate to 

ing of Bianchi et alB that a sheep express one or the other activity de


Miceerythrocyte specific T cell clone pending upon the environmental 
mediates both helper and DTH acti conditions. Trinitrophenyl (TNP) BALB/c mice were 0 btained 
vities strongly supported the above specific T cell lines and clones were from the breeding colony of our In-
idea. The apparent inverse relation established, and the helper and 
ship between helper and DTH acti DTH activities were investigated 

*From the Department uf Bacteriology and
during long term culture. We hypovi ties is suggested to be a ttribu ta ble Serology, Chest Disease Research Institute, 

to the effect of suppressor cells thesised that a T cell originally Kyoto University, Kyoto 606,Japan_ 

SUMMARY T cell lines were established from the lymph node cells of BALB/c 
mice which were immunised with a trintrophenyl (TNP) hapten. Most of these 
lines showed activities for both TNP-specific delayed-type hypersensitivity (DTH) 
and helper function. These activities of the cell lines were eliminated by treat
ment with anti-Lyt 1 but not anti-Lyt 2 antibody plus complement The relative 
strength of DTH versus helper function was different from line to line. Of several 
clones established from a single line, one designated clone-2 retained both helper 
and DTH activities up to 5 m~nths after the cloning. One month thereafter, how
ever, one subculture of clone-2 selectively lost helper activity, whereas another 
subculture lost DTH activity. These results suggested that a single cell was able 
to mediate both DTH and helper functions, but that these functions represented 
distinct activities of the cell. 
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stitute and were used at 10-12 
weeks of age. 

Immunisation 

Mice were immunised sub
cutaneously at the base of the tail 
with 5xl07 X-irradiated (3,300 R) 
TNP-coupled syngeneic spleen cells 
which were suspended in complete 
Freund's adjuvant according to the 
method of Martinez-Alonso et al.1O 
Mice were also immunised by paint
ing the shaved abdomen with picryl 
chloride (PC I) as previously des
cribed .11 

Hapten-coupled cells 

A suspension of spleen cells were 
prepared as previously described,12 
and red cells were lysed by treat
ment with Gey's solution. Haptena
tion of spleen cells was performed 
according to the method of Mar
tinez-Alonso et al. lo Briefly, 5xl0 7 

cells were suspended in I ml of 
Hanks' balanced salt solution 
containing 10 mM (for in vivo im
munisation and for in vitro stimula
tion) or 3 mM (for helper assay) of 
2,4,6-trinitrobenzene sulfonic acid 
(Nakarai Chemicals, Kyoto, Japan). 
Cells were incubated at 3TC for 
10 minutes and washed 4 times 
with Eagle's minimum essential 
medium (MEM, Nissui Seiyaku Co., 
Tokyo, Japan). 

Anti-Thy 1 and anti-Lyt antibodies 

Monoclonal anti-Thy 1.2 anti
body (clone F7D5) was purchased 
from Olac Ltd. (Oxon, England). 
Monoclonal antibodies specific for 
mouse Lyt 1.2 or Lyt 2.2 and Low
Tox-M rabbit complement (C) were 
purchased from Cederlane La bora
tories Ltd. (Ontario, Canada). 
Methods for the treatment of cells 
with these antibodies and with C 
were as previously describedY 

Long-term culture and cloning of T 
cells 

The in vitro enrichment of TNP
specific T cells was performed by 
the method of Martinez-Alonso et 

al lo with a slight modification. 
Four days after immunisation, the 

inguinal and para-aortic lymph 
nodes were removed and teased 
through SO-gauge stainless steel 
mesh. Cells were then passed 
through a nylon wool column as 
previously described. 12 Then, 5x I 0 6 

nylon-nonadherent cells were cul
tured with 30x 106 irradiated (3,300 
R) TNP-coupled spleen cells in 
5 ml of culture medium in a 50 ml 
culture flask (Nunc, Roskilde, Den
mark). Every 7 days, cultures were 
fed with 3 ml of fresh medium con
taining 2x I 0 7 irradiated TNP
coupled spleen cells. Culture me
dium was RPMI 1640 (Grand Island 
Biological Co., Grand Island, N.Y.) 
supplemented with 24 mM of 
N-2-hydroxyethylpiperazine-N' -2
ethanesulfonic acid (HEPES, Naka
rai Chemicals), 2 mM glutamine, 
10 pg/ml of gentamicin (Sigma Che
mical Co., St. Louis, Mo.) and 5% 
foetal calf serum (FCS, M.A. Bio
products, Walkersville, Md.) 

After culturing for 4 weeks, 
cells were harvested and the activi
ties of helper and DTH function 
were tested. For cloning of T cells, 
a portion of the harvested cells 
were treated with anti-Lyt 2.2 anti
body plus C. Cells were then plated 
at 0.3 cells/well in a microtest plate 
(Costar Division, Data Packaging 
Corp., Cambridge, Mass.) and cul
tured for 3 weeks in the presence 
of 3,300 R irradiated TNP- coup
led spleen cells and the super
natant (10%) of a -concanavalin A 
(Con A) -stimulated rat spleen cell 
culture as a source of T cell growth 
factor (TCGF). The method of 
preparation of rat Con A super
natant and the removal of Con A 
with Sephadex G-100 was as des
cribed by Watson. 14 

Assay for helper and DTH activities 

The helper activity of T cell lines 
and clones was assessed by the 
method of Martinez-Alonso et at. 10 
Various numbers of T cell lines or 
clones were cultured together with 
5x104 TNP-coupled or uncoupled 
splenic B cells (anti-Thy 1.2 plus C 
treated syngeneic spleen cells) in a 
0.2 ml volume of RPM! 1640 me-
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dium supplemented with 5x I0-5 M 
2-mercaptoethanol, 10 mM HEPES 
and 10% FCS. In all experiments, 
TNP-coupled or uncoupled B cells 
were also cultured alone or in the 
presence of lipopolysaccharide 
(LPS 055: B5, 25 pg/ml, Difco La
boratories, Detroit, MI.). The 
number of Ig-producing cells was 
determined 5 days a fter culture 
initiation by the protein A plaque 
method as previously described.13 

DTH activity of cultured cells 
was assayed by the local cell trans
fer method. Various numbers of T 
cells from the lines or clones to be 
tested were mixed with 1.5x 10 7 

TNP-coupled spleen cells and inject
ed subcutaneously into the hind 
footpads of normal BALB/c mice. 
Control groups of mice received 
cultured cells or elicitiIlg antigen 
only. The estimation of footpad 
swelling was the same as reported in 
a previous study.15 

RESULTS 

Helper and DTH activities of T cells 
lines 

T cell lines were established from 
the lymph node cells of BALB/c 
mice which were immunised with 
TNP-coupled spleen cells or witll 
PC I. Cell lines (see Table I) TNP-I 
to TNP-6 were established from 
mice immunised with TNP-coupled 
spleen cells: PCl-I to PCl-3 were 
from mice immunised with PCI. 
Helper and DTH activities of these t 
cell lines were repeatedly assayed, 
and Fig. I shows representative re
sults obtained with lines TNP-4 and 
PCI-2. As shown in Fig. I, TNP-4 
induced marked Ig production in 
TNP-coupled B cells but not in 
normal B cells, whereas PCI-2 in
duced only a slight Ig production. 
In contrast, DTH eliciting activity 
of PCI-2 was higher than that of 
TNP-4 (Fig. 2). It should also be 
noted that, on a per cell basis, these 
helper and DTH activities were 
about 10 times higher than those of 
antigen-primed uncultured lymph';:' 
node cells (data not shown). 

i 
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Table 1 Helper and OTH activities of 9 independently cultured lines 

Activities of cell lines· 

Initial culture# TCGF culture tI mmunisa tion 

Cell lines of mice § Helper OTH Helper OTH 

++ NO 

++ + 

+ NO 

++ + ++ NO 

+ NO + + 

++ ++ + + 

+ NO 

+ ++ 

+ ++ 

..... 

r' 

TNP·1 

TNP-2 

TNp-3 

TNP-4 

TNP-5 

TNP-6 

PCl·l 

PCl-2 

PCl-3 

* The strength of the activity for helper and DTH is scored on an arbitrary basis. 
Helper activity: -. mean ± SE of experimental group overlaps with that of the control group 
which is the response of normal B cells cultured with the cell lines. +. mean number of PFC of 
the experimental group is 2 to 10 times higher than that of control group. ++. mean number of 
PFC of experimental group is> 10 times higher than that of control group. 
DTH activity: -. mean ± SE of footpad sweUing of experimental group overlaps with that of the 
control group which received TNP·coupled spleen cells only. +. mean values of footpad swelling 
is less than 7x 10. 1 mm. ++. mean value of footpad swelling is more than 7x 1 0. 1 mm. 

# Tested 4 weeks after the initiation of culture. 
t Some of the lines were further cultured for 4 weeks in the presence ofTCGF. and the activities 

were determined. 
['. § CeU lines were obtained from mice immunised with subcutaneous injection of TNP·coupled 

syngeneic spleen cells (TNP·spkcn) or by painting with picryl chloride (PCl). 
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Fig. 1 Helper activity of TNP-4 and PC 1-2 lines. TNP-4 and PCl-2 cells were harvested 

on the 4th week of culture. Five x 104 TNP·coupled B cells (open symbol) or un· 
coupled B cells (closed symbol) were cultured with various numbers of TNP-4 
(0 • e) or PCl-2 (6 , &) cells or with LPS (0 , -). IgM secreting cells were enume· 
rated on day 5, and the arithmetic mean of triplicate culture is shown. 

Lyt phenotype of T cells which 
mediate helper and DTH activities 

On the 5th week of culture, cells 
of TNP-4 and PO-2 were harvested 
and they were trea ted with C alone, 
anti-Lyt 1.2 plus C, anti-Lyt 2.2 
plus C or anti-Thy 1.2 plus C. 
After the treatment, 6x103 

. viable 
cells were cultured with 5x 104 TNP
coupled or uncoupled B cells to 
assess the helper activity. The num
bers of 19-producing cells were de
termined 5 days later. For the 
DTH assay, 105 viable cells were 
mixed with 107 TNP-coupled 
spleen cells and injected into the 
hind footpad of normal mice. 
Footpad swelling was measured 20 
hours later. Fig. 3 shows that helper 
activity of these 2 lines was com
pletely abolished by anti-Thy 1.2 or 
anti-Lyt 1.2 plus C treatment, 
whereas anti-Lyt 2.2 plus C treat
ment did not affect the helper acti
vity. In Fig. 4, DTH activity of 
these lines was also shown to be 
abolished by anti-Thy 1.2 or anti
Lyt 1.2 but not anti-Lyt 2.2 plus 
C treatment. These results indicate 
that cells which media te these two 
activities carry the Thy 1+ Lyt 1+2
phenotype . Similar results were 
obtained with other cell lines (data 
not shown). 

DTH versus helper function of cell 
lines 

Although the TNP-4 and PCI-2 
cell lines showed both helper and 
DTH activities, it was found that 
the relative strengths of these acti
vities varied from line to line. 
Helper and DTH activities of all cell 
lines tested are summarized in 
Table I where the strengths of 
these activities are shown in arbitra
ry grades. Before cultivation with 
TCGF, 8 out of 9 lines showed 
both helper and DTH activities, 
whereas one line (TNP-3) expressed 
DTH activity only. The line PCl-3 
selectively lost helper activity after 
prolonged culture with TCGF. It 
should also be noted that there was 
a tendency for the helper activity 
of cell lines from mice immunised 

TNP·spleen 

TNP·spleen 

TNP·spleen 

TNP·spleen 

TNP·spleen 

TNP·spleen 

PCl 

PCl 

PCI 

c 
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Transfered TNP-Coup1ed
cell s cells 
(106) (l 07) 

Notle + 

PCI-2 + 
PCI-2 

TNP-4 + 
TNP-4 

o 	 5 10 
Footpad swelling (x10-1 mml 

Fig. 2 DTH activity of TNP-4 and PCI-2 cells. TNP-4 or PCl-2 cells (106
) were mixed 

with TNP-coupled spleen cells (10 7 
) and injected into the hind footpad of nonnal 

mice. Control groups received cultured cells or TNP-coupled spleen cells only. Foot
pad swelling was measured 20 hours later. Arithmetic mean ± SE. 

line cells IgM PFC/we 11 
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Fig. 3 Effect of anti-Lyt antibodies on helper activity of cell lines. TNP-4 and PC 1-2 
cells were harvested on the 5th week of culture and treated with C alone, anti-Lyt 
1.2 plus C, anti-Lyt 2.2 plus C or anti-Thy 1.2 plus C. Six x 103 treated cells were 
cultured with 5x104 TNP-coupled B cells for 5 days, and IgM PFC were enumerated. 
The solid column represents the response of nonnal B cells cultured together with 
cell lines treated with C alone. 

with TNP-spleen cells to be higher vities were cultured in the presence 
than that of lines from PCl painted of TCGF for 4 weeks and were 
mice. The reverse was true for DTH cloned by limiting dilution as des
activity. cribed in Materials and Methods. 

Two weeks after cloning, cell 
Establishment of cloned lines growth was observed in 6 of 96 

Cells of TNP-6 which showed wells. Four weeks after cloning, 
high levels of helper and DTH acti- the helper activities of these clones 

KINA, ET Al. 

were assessed by culturing 104 

cloned cells with 5x I 05 TNP
coupled or uncoupled B cells. The 
number of Ig-producing cells was 
detennined on the 5 th day of 
culture. Fig. 5 shows that 4 out of 
the 6 clones retained helper activi
ty, whereas the remaining 2 clones 
did not in this assay. None of the 
clones showed significant helper 
activity against TNP-coupled B cells 
from CBA or C57BL/6 mice (not 
shown). 

Dual function of one clone and the 
change of activity during long-tenn 
culture 

Clone-2 cells, which showed the 
highest helper activity in the pre
vious experiment (Fig. 5) were test
ed for helper and DTH activities on 
the 6th week of culture. The re
sults shown in Fig. 6 indicate that 
this clone had both activities. The 
dual function of this clone had 
been retained in a subculture for up 
to 5 months after cloning (data not 
shown). 

Two other subcultures of c1one-2 
were maintained independently and 
the cells of these subcultures were 
assayed for their helper and DTH 
activities 6 months after cloning. 
One subculture of clone-2 selective
ly lost helper activity (Fig. 7) while 
the other subculture lost DTH acti
vity (Fig. 8). These results strongly 
suggest that a single cell is able to 
mediate both DTH and helper func
tions, but that these functions re
present distinct activities of that 
cell. 

DISCUSSION 

The present study demonstrated 
that a TNP-specific T cell clone 
mediated both DTH and helper 
functions. The characteristics of 
this clone are quite similar to 
those of sheep erythrocyte specific 
clones reported by Bianchi etal, 8 

and by Marchal et al. 16 On the other 
hand, Dennert et al 17 established a 
Ly t 1'" T clone which recognised an 
allogeneic Ia antigen and expressed 
DTH, helper and cytotoxic activi

r;. -," 
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Fig. 4 Effect of anti-Lyt antibodies on DTH activity of cell lines. TNP-4 or PCI-2 cells 
were treated with antibodies as in Fig. 3, and 106 cells were mixed with 107 TNP
coupled spleen cells. The mixture was injected into the hind footpad of nonnal 
mice. Footpad swelling was measured 20 hours later. 
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Fig. 5 Helper activity of clones derived from TNP-6 line. Four weeks after cloning, 
104 cloned cells were cultured with 5xlO4 TNP-coupled or uncoupled B cells. IgM 

~ secreting cells were enumerated on day 5. As controls, B cells were cultured alone or 
in the presence of LPS. 
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ties. Our TNP-specific clone (clone
2) is different in nature from this 
allo-specific clone, since it did not 
express killer activity (data not 
shown). 

It is of fundamental importance 
to ask whether cloned cells are 
physiologically nonnal cells. It is 
probable that only cells of highly 
proliferative capacity and special 
characteristics can survive in long
tenn culture, or during such culture 
cells may change their characteris
tics. In conventional in vitro or in 
vivo systems, killer T cells are shown 
to be Lyt 2+, whereas T cells me
diating helper or DTH activity are 
Lyt T. Thus, the aHo Ia reactive T 
cell clone of Dennert et aLl7 does 
not seem to fall within the 
nonnal classification of functional 
T cells, but might have derived 
from a multifunctional precursor 
of T cells. On the other hand, 
since all the characteristics thus 
far investigated of helper T cells 
and DTH-mediating T cells are 
the same or quite similar, clones 
media ting both these functions 
tend to be accepted as solid evi
dence supporting the idea that a 
single T cell is active in both func
tions . Before accepting this idea, 
however, it is necessary to reconcile 
o bserva tions on cell clones with in 
vivo findings that DTH and helper 
activity do not necessarily develop 
in paralleP or that there exists an 
inverse relationship between DTH 
and antibody response or helper 
activity.1,2 It has been suggested 
that such an inverse relationship 
might be attributable to the effect 
of suppressor cells which could pre
ferentially suppress one of the acti
vities,9 although concrete evidence 
for such regulatory cells has not 
been shown . The present findings 
that T cell lines derived from PCl 
painted mice and those derived 
from mice immunised with TNP
spleen cells tended to preferentially 
express DTH and helper activity, 
respectively, and that a clone 
initially expressing both functions 
(clone-2) spontaneously changed to 
express one or the other function 
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Hel pe r assay 	 OTH assay 

Clone -2 TNP-coup led 

No. of IgM PFC/well cells cells Footpad swelling (x IO- I"",,) 

Clone- 2 c~ ll s 2 420G 400 600 (105) (107) 

• Norma l 8 
o TNP-coup led 8 

Fig. 6 Helper and DTH activities of clone-2 cells 6 weeks after cloning. Clone-2 cells 
(103 or 104

) were cultured with 5x 104 TNP-coupled or uncoupled B cells for 5 days 
before enumerating the IgM secreting cells (Left)_ Clone-2 cells (lOS) were mixed 
with 107 TNP-coupled spleen cells and injected into the hind footpad of normal 
mice_ Footpad swelling was measured 20 hours later (Right). 

Helper assay OTH assay 

Cl one- 2 TNP- coupl ed 

No . of IgM PFC/we ll cells cells Footpad swe II j ng (x I0- 1,,") 
Clone -2 ce ll s 200 400 600 (105 ) (10

7
) 2 4 

• Nanna I 8 
o TNP-coupled 8 

Fig. 7 A subculture of clone-2 (subculture-I) selectively lost helper activity 6 months 
after cloning. Subculture-l cells (103 or 104

) were cultured with 5x I 04 TNP-coupled 
or uncoupled B cells and IgM secreting cells were enumerated on day 5 (Left). Sub
culture-I cells (lOS) were mixed with 107 TNP-coupled spleen cells and injected into 
the hind footpad of normal mice. Footpad swelling was measured 20 hours later 
(Right). 

Helper assay OTH ass.!y 

Clone-2 TNP- coupled 
No. o f IgM PFC/well 	 ce ll s cell s Footpad swell ing (,10-1",, ) 

Clone-2 cells 400 800 (105 ) (107) 2 4 

• No rmal B 
o TNP- coup l ed 8 

Fig. 8 A Subculture of clone-2 (subculture-2) lost DTH activity 6 months after clon
ing_ Subculture-2 cells (103 or 104 ) were cultured with 5xl04 TNP-coupled or un
coupled B cells and IgM secreting cells were enumerated on day 5 (Left). Subculture
2 cells (lOS) were mixed with 107 TNP-coupled spleen cells and injected into the 
hind footpad of normal mice. Footpad swelling was measured 20 hours later (Right). 

KINA, ET AL. D 

suggested the existence of such re
gulation. Further investigation On 

the mechanism(s) responsible for 
the change in activities of the T cell 
is required. 
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