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Summary 
A large number of CD4 + human T helper type 1 (Thl) clones specific for purified protein 
derivative and of Th2 clones specific for the excretory/secretory antigen of Toxocara canis, derived 
from the same individuals, were analyzed for both cytotoxic capacity and helper function for 
immunoglobulin (Ig) synthesis. The great majority of Thl, but only a minority of Th2 clones 
exhibited cytolytic activity. All Th2 (noncytolytic) clones induced IgM, IgG, IgA, and IgE synthesis 
by autologous B cells in the presence of the specific antigen, and the degree of response was 
proportional to the number of Th2 cells added to B cells. Under the same experimental conditions, 
Thl (cytolytic) clones provided helper function for IgM, IgG, and IgA, but not IgE, synthesis 
with a peak response at 1:1 T/B cell ratio. At higher T/B cell ratios, a strong decrease of Ig 
synthesis was observed. All Thl clones lysed Epstein-Barr virus transformed autologous B cells 
pulsed with the specific antigen. The decrease of Ig production at high T/B cell ratios correlated 
with the lytic activity of Thl clones against autologous antigen-presenting B cell targets. These 
data suggest that Thl differ from Th2 human T cell clones not only for their profile of cytokine 
secretion, but also for cytolytic potential and mode of help for B cell Ig synthesis. 

C D4 murine Th cells have been categorized into at least 
two distinct subsets based on their profiles of cytokine 

secretion (1, 2). One type of Th (Thl) produces IL-2 and 
IFN-7, whereas the other type (Th2) secretes IL-4 and IL-5, 
but not Ib2 and IFN-7 (1, 2). In addition to produce different 
sets of cytokines, murine Thl and Th2 cells display different 
functional activities. Thl cells mediate cytotoxicity (in vitro) 
(3), augment the production of antigen-specific responses by 
hapten-primed B cells (4), and stimulate bystander antibody 
production (5). Th2 cells appear to be more effective than 
Thl cells in providing help for primary antigen-specific Ig 
secretion (6). Moreover, IL-4 produced by Th2 cells selec- 
tively induces B cell switching to the IgE isotype (7). 

We have recently provided evidence for the existence of 
Thl and Th2 subpopulations in human CD4 + lymphocytes 
(8). This has been done by establishing a large series of T 
cell clones specific for purified protein derivative (PPD) ~ or 
Toxocara canis excretory/secretory (TES) antigens from PBL 
of two healthy individuals. Virtually all PPD-specific T cell 
clones expressed RNA for, and secreted into the supernatants, 

1Abbreviations used in this paper: PPD, purified protein derivative; SN, 
supernatant; TES, Toxocara canis excretory/secretory. 

II,2 and IFN-7, but not IL-4 or IL-5. In contrast, the great 
majority of TES-specific clones expressed RNA for, and 
secreted, IF4 and Ib5, but not IL-2 and IFN-7 (8). In the 
present study, the functional properties of these two sets of 
clones have been examined. Data showed that aU Thl and 
Th2 clones induced IgM, IgG, and IgA synthesis, whereas 
only Th2 dones induced IgE synthesis in autologous B calls 
in the presence of the specific antigen. However, at high T/B 
cell ratios, the hdper function for Ig synthesis of Thl, but 
not of Th2, dones strongly declined. Stimulation with the 
specific antigen under MHC-restricted conditions enabled the 
great majority of Thl, but only a few Th2, clones to express 
cytolytic activity against autologous APC. The results also 
demonstrated that the decline in the helper activity for Ig 
synthesis of Thl corrdated with their ability to kill antigen- 
presenting autologous B cells. 

Materials and Methods 
Reagents. FHA was purchased by Gibco Laboratories (Grand 

Island, NY). Human rib2 was kindly provided by Eurocetus (Milan, 
Italy). PPD was kindly provided by Istituto Sieroterapico e Vac- 
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cinogeno Sdavo (Siena, Italy). The excretory/secretory antigen(s) 
of Toxocara cams (TES) was prepared as described by De Savigny (9). 

Generation of Antigen-specific T Cell Clones. Antigen-specific T 
cell clones specific for PPD or TES were generated from PBL of 
two individuals without history of overt tuberculosis or toxocari- 
asis, but showing both ddayed-type hypersensitivity skin reaction 
to PPD and in vitro proliferative response of their PBL to TES 
antigen, as previously described (8). 

Pre~ration orb Cells and Immortalization orb Cells with EBV. 
B cell-enriched suspensions were prepared as described in detail 
elsewhere (10). PBMC were isolated by flotation over Ficoll- 
Hypaque, and phagocytic ceils were removed by adherence to plastic 
flasks. T lymphocytes were removed by a double step of rosetting 
with SRBC followed by C'-dependent cytotoxicity with anti-CD3 
mAb plus fresh rabbit serum. Peripheral blood B ceil-enriched sus- 
pensions usually consisted of 55-75% B cells, 3-10% monocytes, 
and <1% T cells. They will be referred to as B cells. To obtain 
EBV-transformed lymphoblastoid B cell lines (EBV-B cells), B ceils 
were incubated for 48 h with supematant (SN) of the EBV-producing 
marmoset cell line B95.8 and subsequently expanded in complete 
medium supplemented with 15% FCS. 

Assays for Cytolytic Activity. Cytolytic activity of clones was 
assessed as reported elsewhere (11). Briefly, T blasts were washed 
thrice, resuspended, counted, and divided into two aliquots. One 
aliquot was tested for cytolytic activity against murine SlCr-hbeled 
P815 mastocytoma cells in the presence of PHA (1% vol/vol) (lectin- 
dependent cytolytic assay) with E/T ratio of 4:1. After 4 h at 37~ 
0.1 ml SN was removed for measurement of SlCr release. Max- 
imum release (MR.) was obtained by treating target cells with 0.1 
ml 1 M HC1. Spontaneous release (SIL) was determined in control 
microcultures without effector cells. Specific lysis was calculated 
according to the formula: percent specific lysis = 100x (Ex- 
perimental release - SR.)/(MP, - SR.). Cultures in which SlCr 
release exceeded the mean SR. by >5 SD were considered positive 
for cytolytic activity. To assess the antigen-induced cytolytic ac- 
tivity of clones against autologous APC, EBV-B cells were incubated 
overnight with PPD or TES (5/~g/ml), pelleted, resuspended, and 
labeled with 51Cr (1 h at 37~ After three washes, 104/0.1 ml 
target ceils were distributed in triplicate wells of 96-well V-bottomed 
plates. The second aliquot of washed T blasts from each done was 
then added in 0.1 ml at E/T ratios from 1:1 to 16:1. After centrifu- 
gation, microplates were incubated for 4 h at 37~ and 0.1 ml 
SN was removed for measurement of 51Cr release. The percent 
specific lysis was calculated using the formula reported above. 

Assay for Helper Function ofT Cell Clones. The cell culture system 
used for the induction of Ig synthesis was performed in duplicate 
12 x 75-ram plastic tubes (Falcon Labware, Oxnard, CA) by using 
complete medium supplemented with 10% FCS. Each tube con- 
tained 5 x 104 B cells and different concentrations of donal T 
blasts (from 1.25 x 104 to 8 x l0 s) in I ml. After 10 d, culture 
SN were collected and assayed for their Ig content. The immunoradi- 
ometric assay used for detecting IgM, IgG, and IgA has been de- 
scribed previously in detail (12). The procedure for the measure- 
ment of IgE has also been described in detail elsewhere (13). 

Resul t s  and D i s c u s s i o n  

We have recently generated a large panel of PPD-specific 
and TES-specific CD4 + T cell clones from PBL of two 
healthy individuals (8). PPD-specific clones secreted IIr2 and 
IFN-3' but not I1-4 or I1-5 after stimulation with the specific 
antigen, and were categorized as Thl. Under the same ex- 

perimental conditions, TES-specific clones produced IL-4 and 
Ib5 but not 11-2 or IFN-% and were categorized as Th2 
(8). In this study, we have assessed the cytolytic potential 
of 39 PPD-specific (Thl) and 34 TES-specific (Th2) clones 
in a lectin (PHA)-dependent 4-h 51Cr-release assay with 
P815 murine mastocytoma cells as target. At an E/T ratio 
of 4:1, the great majority (77%) of Thl, but only a few (18%) 
Th2, clones showed cytolytic activity (Fig. 1). This finding 
confirms the results of previous observations in both mouse 
(3) and humans (14). 

10 cytolytic Thl and 10 noncytolytic Th2 clones were then 
selected and tested at different concentrations (from 1.25 x 
104 to 0.8 x 106/ml) for their ability to induce IgM, IgG, 
IgA, and IgE synthesis by autologous B cells (5 x 104/ml) 
in the absence or in the presence of PPD (2/zg/ml) or TES 
(2/.tg/ml), respectively. In the absence of their specific an- 
tigen, both Thl  and Th2 clones exerted poor or no helper 
function for Ig synthesis (data not shown). As shown in Fig. 
2, antigen stimulation enabled all Th2 clones to provide helper 
function for IgM, IgG, IgA, and IgE synthesis, and the de- 
gree of response was proportional to the number of Th2 cells 
added to B cells. As expected, at any T/B cell ratio, Thl clones 
did not induce IgE synthesis. This finding is consistent with 
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Figure 1. Cytolytic activity of individual CD4 + Thl (PPD-specific) 
and Th2 (TES-specific) clones derived from PBL of two healthy donors. 
Cytolytic activity of each clone was tested against siCr-labeled P815 target 
cells at an E/T ratio of 4:1 in the presence of PHA. Specific lysis was calcu- 
lated as described in Materials and Methods. The dotted line represents 
5 SD above the mean spontaneous release of target cells. 
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F i g u r e  2. In vitro synthesis of IgM, IgG, IgA, and IgE induced in au- 
tologous B cells by different concentrations of Thl (PPD-specific) and Th2 
(TES-specific) clones stimulated with the specific antigen. Cloned T cells 
(from 1.25 x 104 to 8 x 10 s) were cultured with autologous B cells (5 
• 10 4) in 1 ml in the presence of the specific antigen (2 #g/ml). After 
10 d, culture SN were recovered and assayed for their Ig content, as reported 
in Materials and Methods. The results represent the mean (_+ SE) values 
obtained with 10 Thl and 10 Th2 clones. 

the demonstration that IL-4 is required for the induction of 
both murine and human IgE antibody synthesis, whereas 
IFN-3, suppresses the IL-4-dependent IgE production (13, 15). 
Accordingly, the addition in culture of both rlL-4 and anti- 

IFN-'y antibody enabled even PPD-stimulated Thl clones to 
induce IgE synthesis by autologous B cells (data not shown). 

The pattern of Thl help on the antigen-induced produc- 
tion of IgM, IgG, and IgA was unexpected. At low T/B cell 
ratios, there was substantial production of IgM, IgG, and 
IgA with a peak response at I:1 ratio. At higher T/B cell 
ratios, a strong reduction of Ig synthesis was consistently ob- 
served (Fig. 2). Since the decline of helper activity at high 
T/B cell ratios was a peculiar property of cytolytic clones, 
we hypothesized that it could be due to the concomitant killing 
by Thl clones of antigen-presenting autologous B cells. This 
question was addressed in two ways. First, in four experi- 
ments, the viability of B cells cocultured with PPD-pulsed 
Thl or TES-pulsed Th2 clones at a 4:1 T/B ratio was as- 
sessed at 4 and 48 h by the Trypan blue dye exclusion tech- 
nique. As expected, the viability of B cells cocultured with 
Thl clones was lower (range, 74-46% after 4 h, and 56-33% 
after 48 h) than that found in cocultures of B cells with Th2 
clones (range 98-95% and 96-93% after 4 and 48 h, respec- 
tively). As an additional approach to prove that the decline 
of helper activity by Thl dories at high T/B cell ratios resulted 
from the killing of antigen-presenting B cells, PPD-pulsed 
autologous EBV-induced lymphoblastoid B cells were used 
as target cells for PPD-specific Thl clones in a 4-h S~Cr- 
release assay. All six Thl clones tested, which were cytolytic 
for P815 cells in the lectin-dependent assay, also lysed autolo- 
gous EBV-B cells pulsed with the specific antigen (mean per- 
cent specific SlCr release + SD: 18.4 _+ 4 at 1:1 T/B ratio; 
35.3 + 9 at 4:1 ratio; and 59.7 + 13 at 20:1 ratio), but not 
the same targets pulsed with irrelevant (TES) or no antigen 
(<5%). More importantly, a significant inverse correlation 
(p < 0.0005) between the lyric activity of Thl clones against 
autologous antigen-pulsed EBV-B cell targets and their ability 
to help IgM (R: -0.624), IgG (R: -0.598), and IgA (R: 
-0.695) synthesis by fresh autologous B cells pulsed with 
the same antigen was found (Fig. 3). The activity of Thl 
clones in mediating killing of APC might provide an expla- 
nation for the controversy regarding their capacity to pro- 
vide antigen-specific cognate help to B cells (5, 16, 17). It 
is indeed possible that different antigen concentrations and 
cell densities used by different investigators have influenced 
the efficiency of APC killing by Thl. More importantly, our 
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Figure 3. Ability of PPD-stimulated 
Thl clones to induce Ig synthesis vs. 
their capacity to lyse autologous EBV-B 
cells pulsed with the specific antigen. 
Values of IgM, IgG, and IgA synthesis 
induced by PPD-stimulated T blasts (2.5 
x 10S/ml) in autologous B cells (5 x 
104/ml) were plotted against values of 
percent specific SICr release by antigen- 
pulsed EBV-B cells at a T/B ratio of 5:1. 
The experimental conditions were the 
same described in the legends of Fig. 
2 and Table 1. 
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data suggest that Thl cells may be involved not only in the 
induction but also in the downregulation of specific B cell 
responses. 

The cytotoxic effect exerted by Thl clones against antigen- 
presenting B cells might be due to direct cytotoxicity (18, 
19) or production of soluble cytokines, such as TNF-ot, 
TNF-B, and IFN-3' (20). Since a mixture of high amounts 
of antibodies specific for human IL-2, IFN-3', TNF-ot, and 
TNF-~ did not affect the antigen-induced cytotoxicity of Thl 
clones against autologous EBV-B cells (data not shown), it 
is likely that the set of Thl-derived cytokines plays a minor 
role, if any, in the cytotoxic activity of Thl clones. This pos- 
sibility was further supported by experiments in which the 
effect of Thl SN vs. Thl cells on the Th2-induced antibody 
response was evaluated. When PPD-activated Thl clones were 
added to cocultures of B cells plus TES-activated Th2 clones, 
the amounts of secreted Ig were lower than those expected 
(Table 1). In contrast, the addition to cocultures of B cells 
and TES-activated Th2 clones of SN from the same PPD- 
stimulated Thl clones consistently resulted in an Ig synthesis 
higher than expected (Table 1), likely due to the activity of 
IL-2 and IFN-% present in Thl SN, in supporting IgM, IgG, 
and IgA production. 

These data suggest that lymphokine-mediated effector ac- 
tivity and cytotoxicity are distinct functions of Thl cells. How- 
ever, due to both these functions, Thl cells represent the most 
important effector cells in inflammatory reactions associated 
with vigorous delayed-type hypersensitivity responses and low 
antibody titers like those occurring in contact dermatitis or 
in some infections by intracellular bacteria. In contrast, the 
functional phenotype of Th2 cells (noncytolytic, high IL-4 
and II~5, no IFN-3'  production) may account for both  the 
persistent production of antibodies (including IgE) and eo- 
sinophilia observed in helminthic infections and allergic dis- 
orders. 

Table 1. Effect of Addition of PPD.stimulated Thl Cells 
or their SN on Ig Production by B Cells Cocultured with 
TES-stimulated Th2 Cells 

Ig production 

B cells cultured with: IgM IgG IgA 

tzg/ml 
Medium < 0.1 < 0.1 0.2 
Th2 cells 1.9 • 0.4 1.4 • 0.4 2.7 • 0.8 
Thl  cells 1.0 _+ 0.3 1.1 _+ 0.3 1.6 _+ 0.5 
Thl  SN 0.9 • 0.3 0.8 • 0.3 0.6 • 0.5 

Th2 cells + Thl  cells 

(expected) 2.9 • 0.6 2.5 • 0.7 4.3 • 1.3 
Th2 cells + Thl  cells 

(actual) 1.7 • 0.3 1.4 • 0.3 2.2 • 0.3 

Th2 cells + Thl  SN 
(expected) 2.8 • 0.7 2.2 • 0.6 3.3 • 1.0 

Th2 cells + Thl  SN 
(actual) 6.3 • 2.4 3.7 • 0.7 5.4 _+ 1.4 

B cells (5 x 104) were cocultured with TES-activated T blasts (2 x 105) 
from autologous Th2 clones, in the presence or in the absence of PPD- 
activated T blasts (2 x l0 s) from autologous Thl clones. SN from the 
same Thl clones, stimulated for 24 h with PPD, were also tested (50% 
final concentration) under the same experimental conditions. After 10 d, 
Ig production was measured as reported in Materials and Methods. The 
results represent the mean (+_ SD) values obtained by mixing each of 
three Th2 clones with four Thl clones or their SN. 
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