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Introduction

A large series of T cell clones (TCC) specific for purified pro-
tein derivative (PPD) of Mycobacterium tuberculosis (total 60)
or Toxocara canis excretory/secretory (TES) antigen (total 69)
were established from the peripheral blood of two healthy indi-
viduals and analyzed for their profile of cytokine production in
response to stimulation with either the specific antigen or the
polyclonal activator phorbol myristate acetate plus anti-CD3
antibody. Under both these experimental conditions, the great
majority of PPD-specific TCC secreted IL-2 and IFN--y but
not, or limited amounts of, IL-4 and IL-5. In contrast, most
TES-specific TCCsecreted IL4 and IL-5 but not, or limited
amounts of, IL-2 and IFN-y. PPD-specific TCCthat failed to
secrete IL-4 and IL-5, and TES-specific TCC that failed to
secrete IL-2 and IFN-y, were found to lack transcripts for IL-4
and IL-5, or for IL-2 and IFN-y, respectively. During the
course of the study, over a 6-mo period, the functional pheno-
type of both TES- and PPD-specific TCCwas repeatedly as-
sessed and remained constant.

These data demonstrate that T cells with stable Thl or Th2
functional pattern exist not only in mice but also in humans and
suggest that in the course of natural immunization certain in-
fectious agents preferentially expand T cell subsets with stable
and definite profile of cytokine production. (J. Clin. Invest.
1991. 88:346-350.) Key words: human type 1 T helper and type
2 T helper clones * IL-2 * IFN--y * IL4 * IL-5
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1. Abbreviations used in this paper: APC, antigen-presenting cell;
DTH, delayed type hypersensitivity; Mt, Mycobacterium tuberculosis;
PB, peripheral blood; PPD, purified protein derivative; rIL-2, recombi-
nant IL-2; SN, supernatants; Tc, Toxocara canis; TCC, T cell clones;
TCL, T cell lines; TCR, T cell receptor; TES, Toxocara canis excretory-
secretory antigens; Th I and Th2, type 1 and type 2 T helper.

Mouse CD4' helper T cells have been distinguished by their
cytokine production profiles into two distinct and mutually
exclusive subsets. Type 1 T helper (Thl)' cells produce IL-2,
IFN-'y, and TNF-fl, whereas type 2 T helper (Th2) cells secrete
IL-4, IL-5, IL-6, and IL-10 (1, 2). In addition to T cell clones
(TCC) that fit in the Th 1 or Th2 group, murine CD4' TCC
have been described that have the capacity to produce virtually
every known lymphokine (3). These clones, designated ThO,
probably represent an intermediate step in the differentiation
of naive T cells into Th 1 or Th2 cells following the antigen/an-
tigen-presenting cell (APC) signals that they receive (3-5).

The majority of human CD4' TCCderived from the periph-
eral blood (PB) of healthy donors do not fit into the Thl and
Th2 lymphokine production patterns of murine CD4' T cells,
but resemble more the "ThO-like" pattern described for TCC
obtained from nonimmunized mice (6, 7). However, subsets of
human CD4' T cell clones resembling Th I or Th2 mouse TCC
have been isolated from tissues of patients in different disease
situations (8-1 1), suggesting that selection of CD4' T cells with
stable Th 1 or Th2 cytokine production phenotypes may be a
property related to the structure of antigen and/or to the condi-
tions of immunization.

In an attempt to provide additional information on the
mechanisms responsible for the differentiation of human T
cells into defined Th phenotypes, our strategy has been to es-
tablish TCCspecific for purified protein derivative (PPD) from
Mycobacterium tuberculosis (Mt) or Toxocara canis (Tc) ex-
cretory-secretory (TES) antigens by using PBL from the same
healthy individuals. Exposure to Mt is indeed frequent in the
Italian population, even if in the majority of cases it results in
natural immunization without overt disease. Likewise, human
toxocariasis is quite rare, but positive levels of anti-Tc antibod-
ies have been found in 2-3% of the adult population and
7-14% of school age children (12), and PBL from most healthy
individuals, apparently without history of Tc infestation, ex-
hibit strong proliferation in response to TES (unpublished
data). More importantly, infection with Mt and infestation
with Tc induce different types of immune responses that may
be consistent with the selective activation (or differentiation) of
Th 1- or Th2-like cells, respectively. Infection with Mt usually
results in delayed type-hypersensitivity (DTH), whereas in-
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Gestation with Tc can induce increased IgE levels and eosino-
philia (13).

Whencytokine secretion patterns of a wide series of PPD-
and TES-specific TCCwere assessed, a clear-cut difference in
the profile of cytokine production was observed. Virtually all
PPD-specific TCC expressed a Thl-like profile, whereas the
great majority of TES-specific TCCdisplayed a Th2-like pat-
tern. These results are consistent with the possibility that Th I
and Th2 phenotypes represent a specific property of TCCse-
lected by peculiar antigens.

Methods

Donors. PBMCwere obtained from two individuals aged 29 and 42 yr,
respectively, without history of overt tuberculosis or toxocariasis, but
showing both DTH skin reaction to PPDand in vitro proliferative
response of their PBL to TES antigen.

Reagents. PHAwas purchased from Gibco Laboratories, Grand
Island, NY, and phorbol myristate acetate (PMA) from Sigma Chemi-
cal Co., St. Louis, MO. Recombinant IL-2 (rIL-2) was kindly provided
by Glaxo, Geneva, Switzerland. HumanIL-5 was purchased from Am-
gen Biologicals, Thousand Oaks, CA. OKT3 (anti-CD3), OKT4(anti-
CD4), and OKT8 (anti-CD8) MAbwere purchased from Ortho Phar-
maceutical, Raritan, NJ. PPDwas kindly provided by Istituto Sieroter-
apico e Vaccinogeno Sclavo, Siena, Italy. TES antigen(s), routinely
used for serodiagnostic test for visceral larva migrans, was prepared as
described by De Savigny (14). Human IFN-'y, IL-2, ILA, and IL-5
oligonucleotide probes were purchased from Amgen Biologicals.

Generation ofantigen-specific Tcell lines (TCL) and TCC. Antigen-
specific TCL were generated according to a technique previously de-
scribed (15). Briefly, 106 PBMCin 2 ml RPMI 1640 medium supple-
mented with 2 mML-glutamine, 20 ,M 2-mercaptoethanol, and 5%
human serum (complete medium) were stimulated with TESor PPD(1
gg/ml) in 24-well flat-bottomed plates for 5 d. HumanrIL-2 (20 U/ml)
was then added and cultures continued for additional 7 d. Viable T
blasts were resuspended in complete medium and tested for their anti-
gen specificity before cloning procedure. To assess the antigen specific-
ity of TCL, 4 x 104 T blasts were seeded in microplates and cocultured
for 48 h with irradiated (5,000 rad) autologous PBMC(8 X I04) in the
presence of medium alone, TES (I gg/ml), PPD(1 gg/ml), or PHA(1%
vol/vol). After a 16-h pulse with 0.5 uCi 3H-TdR, cultures were har-
vested and radioactivity measured by liquid scintillation. To generate
TES-specific or PPD-specific TCC, T blasts obtained from antigen-spe-
cific TCLwere seeded under limiting dilution conditions (0.3 cell/well)
in round-bottomed microwells containing 105 irradiated allogeneic
spleen cells (as feeder cells) and PHA(1% vol/vol) in a final vol of 0.2
ml complete medium supplemented with rIL-2 (20 U/ml) and 10%o
FCS(Hyclone Laboratories, Inc., Logan, UT), as reported elsewhere (9,
16). Growing microcultures were then supplemented, at weekly inter-
vals, with rIL-2 (20 U/ml) and 10' irradiated feeder cells. The pheno-
type of T blasts of TCLand TCCwas examined by flow cytometry. The
antigen specificity of TCCwas assessed by measuring 3H-TdR uptake
after 60 h stimulation with the appropriate antigen under MHC-res-
tricted conditions, as reported above. When stimulation index (ratio
between the mean counts per minute obtained in cultures stimulated
with antigen-presenting cells plus antigen and the mean counts per
minute obtained in cultures with antigen-presenting cells alone) was
> 20, responses were considered as positive.

Induction of cytokine production by antigen-specific TCC. To in-
duce the cytokine production by stimulation with the appropriate anti-
gen, 106 T blasts from each TCCwere cocultured in 1 ml complete
medium with 5 x 105 irradiated autologous non-T cells (16) in the
presence of either TES or PPD(I gg/ml). After 48 h, culture superna-
tants (SN) were collected, filtered, and stored in aliquots at -70'C until
used. To induce cytokine production by nonspecific activation, TCC
were resuspended at 106/ml complete medium and cultured in the

presence of PMA(10 ng/ml) plus anti-CD3 MAb(200 ng/ml). After 36
h, culture SNwere collected, filtered, and stored in aliquots at -700C
until used.

Quantitation of IL-2, IFN--y, IL-4, and IL-5 in TCCSN. To evalu-
ate the ability of TCCto produce IL-2, 0.2 ml SNwas added at different
concentrations (1/2 to 1/40) to 4 x I03 indicator cells (CTLL-2 murine
cells line), as previously described (9, 16). A semiquantitative estimate
of IL-2 produced by each TCCwas obtained by a standard curve of
rIL-2. The quantitative determinations of IFN-'y and IL-4 were per-
formed by a commercial RIA (Centocor Inc., Malvern, PA) and ELISA
(Quantikine Immunoassays, R& DSystems, Inc., Minneapolis, MN),
respectively. For the measurement of human IL-5, the murine
LyH7.B 13 cell line was used as a source of indicator cells (kind gift of
Dr. R. Palacios, Basel, Switzerland) (17). A semiquantitative estimate
of IL-5 produced by TCCwas obtained by a standard curve of human
rIL-5. TCCSNshowing IFN-,y, IL-2, IL-4, or IL-5 levels 3 SDover the
mean levels in control SNderived from irradiated non-T cells alone,
were regarded as positive.

Slot hybridization analysis of IFN-y, IL-2, IL-4, and IL-5 RNA
expression. To assess the expression in TCCof cytokine RNAupon
stimulation with PMAplus anti-CD3 MAb, the method originally de-
scribed by White and Bancroft (18) was used as detailed elsewhere (10).
Prehybridization of the nylon membrane, preparation by '5-end-label-
ling technique of the 32P-labelled human IFN-7, IL-2, IL-4, and IL-5
oligonucleotide probes (sp act 1-2 X 101 cpm/ng), hybridization and
autoradiography were performed as described by Sambrook et al. (19).

Southern-blot analysis of T cell receptor (TCR) gene rearrange-
ments. High mol wt DNAwas prepared from eight PPD- and eight
TES-specific randomly selected TCC derived from the same donor
(CM), according to standard procedures (19). Digestion of DNAswith
EcoRI (Boehringer Mannheim GmbH, Mannheim, Germany) was
performed according to the manufacturer's instructions. DNAswere
fractionated by gel electrophoresis on 0.8% agarose gel, transferred to
Gene Screen Plus filters (New England Nuclear, Boston, MA), and
hybridized with DNAprobe for TCR,3 (Oncor, Inc., Gaithersburg,
MD), radiolabelled with [a32P]dCTP by nick translation (sp act 0.5-1
x I0^). Germ-line configuration was obtained using DNAextracted
from a polyclonal T cell line digested with EcoRI (Oncor).

Results

Induction of TES-specific and PPD-specific TCC. PBMCfrom
two healthy individuals were stimulated for 5 d with TES or
PPDand growing T blasts expanded with IL-2 for an additional
7 d. The TCL so obtained were then assessed for their ability to
proliferate in response to TESor PPD, respectively. Both TES-
specific and PPD-specific TCLexhibited strong proliferation in
response to the appropriate antigen in the presence of autolo-
gous irradiated PBMC. T blasts from TES- and PPD-specific
TCLwere then cloned in the presence of irradiated feeder cells,
PHA, and IL-2. A total number of 50 and 39 CD4+TCCwere
obtained from the two TES-specific TCL, whereas CD4+TCC
obtained from the two PPD-specific TCL were 46 and 22, re-
spectively. 69 out of 89 TCCderived from the two TES-specific
TCL exhibited strong proliferation (mitogenic index > 20) in
response to an appropriate concentration of TES (1 ug/ml)
under MHC-restricted conditions. Likewise, under the same
MHC-restricted conditions, 60 out of 68 TCCderived from the
two PPD-specific TCL proliferated in response to PPD(1 ug/
ml). The remaining 28 TCCdid not proliferate in response to
either TES or PPD(mitogenic index < 2), but showed strong
proliferation to PHA(data not shown). Molecular analysis of
TCR# configuration, performed in eight PPD- and eight TES-
specific randomly selected TCCderived from the same donor,
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Table I. Distribution of TES- and PPD-specific TCCAccording
to Their Profile of Cytokine Production in Response to

~ Stimulation with PMAplus anti-CD3 Antibody*

4.36 -- O

2.32-2

G CM2 CM14 CM18 CM331 CM CM6 CM11 CM41

TES-spedfic TCC PPD-spedflc TCC
Figure 1. Molecular analysis of TCR,# gene configuration in eight
representative TCC(four specific for PPDand four specific for TES)
derived from donor CM. Southern blot analysis of TCRI8 gene con-
figuration was performed on the DNAsobtained from the eight TCC,
as described in Methods. All TCCshowed TCR(3 gene rearrangement
as compared with the germ line configuration (G) and each of them
showed an individual pattern of rearrangement.

showed individual patterns of TCRf3 gene rearrangements (Fig.
1), suggesting the independent origin of TCCstudied.

Cytokine profiles of TES-specific and PPD-specific TCC.
The profiles of cytokine secretion in response to stimulation
with the appropriate antigen of TES- and PPD-specific TCC
were then analyzed and compared. To this end, T blasts from
each TES- or PPD-specific TCCwere stimulated for 48 h with
optimal antigen concentration in the presence of irradiated au-
tologous non-T cells and culture SNassayed for their cytokine
content. As shown in Fig. 2, most TES-specific TCCsecreted
substantial amounts of IL-4 and IL-5, but not, or limited
amounts of, IL-2 and IFN-'y. Only four of them, in addition to
IL-4 and IL-5, produced substantial amounts of IFN--y (ThO-
like phenotype). In contrast, stimulation with PPDinduced all
PPD-specific TCCto secrete high amounts of IL-2 and/or IFN-
y, but not IL-4 or IL-5, with the exception of two. Both TCC
produced IL-4 and one of them IL-5, as well (ThO-like pheno-
type).
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Figure 2. Cytokine production by TES-specific and PPD-specific TCC
in response to stimulation with the appropriate antigen. T blasts from
each TCCwere washed, counted, and incubated at 106/ml in the
presence of 5 x 105/ml irradiated autologous non-T cells, as APC,
and the appropriate antigen (1 ,tg/ml). After 48 h, culture superna-
tants were recovered and assayed for their cytokine content as de-
scribed in Methods. Dotted lines represent 3 SDvalues over the mean
cytokine content of culture supernatants of irradiated non-T cells
alone.

Antigen- Th subset distribution*
specificity No. of

of TCC TCC Th1 Th2 ThO

PPD (60) 46 (77%) 0 (-) 14 (23%)
TES (69) 0 (-) 43 (62%) 26 (38%)
Unknowns (28) 7 (25%) 4 (14%) 17 (61%)

* Clonal T blasts (106/ml) were stimulated for 36 h with PMA(10
ng/ml) plus anti-CD3 MAb(200 ng/ml) and cytokines secreted into
supernatant were quantitated by appropriate assays, as described in
Methods. t TCCable to produce IL-2 and IFN-,y, but not IL-4 and
IL-5, were defined as Thl; TCCable to produce IL-4 and IL-5, but
not IL-2 and IFN-y, were defined as Th2; TCCable to produce at
the same time IL-2 and IL-4 or IL-5 or IFN-,y, and IL-4 or IL-5, were
defined as ThO. § TCCthat failed to proliferate (mitogenic index < 2)
in response to either PPDor TES in the presence of irradiated autol-
ogous non-T cells.

The great majority of both TES- and PPD-specific TCC
retained their profile of cytokine secretion even upon maximal
stimulation, such as that provided by PMAplus anti-CD3
MAb. Under these experimental conditions 77% of PPD-spe-
cific TCC expressed a Thl- and 23% a ThO-like phenotype,
whereas 62%of TES-specific TCCexpressed a Th2- and 38%a
ThO-like phenotype. No Th2-like phenotype among PPD-spe-
cific TCC and no Th 1-like phenotype among TES-specific
TCC were found. In contrast, under the same experimental
conditions, 61%of 28 TCCwith unknown specificity expressed
a ThO-, 25% a Thl-, and 14% a Th2-like phenotype (Table I).
The definite Th2- and Th 1-like profiles of TES- and PPD-spe-
cific TCCwas confirmed at RNAlevel. A number of randomly
selected TES-specific TCCthat failed to produce IFN-y and a
number of PPD-specific TCCthat failed to produce IL-4 and
IL-5 upon stimulation with PMAplus anti-CD3 MAbwere
found by slot-blot analysis to lack RNAtranscripts for IFN-'y
or for IL-4 and IL-5, respectively (Fig. 3). During the course of
this study, over a period of 6 mo, the phenotypes of 15 Thl-
and of 12 Th2-like clones were repeatedly assessed and re-
mained constant (data not shown).

TCC IFN-Y IL-2 IL-4 IL-5

CM.TES.3

CM.TES.29

CM.TES.37

GD.TES.14

GD.TES.31

* *
*
* 0
* 0
* -

CM.PPD.7

CM.PPD.29 0 0

CM.PPD.44 0 0
GD.PPD.5 * 0
GD.PPD.8 * 0

Figure 3. Expression of
IFN--y, IL-2, IL-4, and
IL-5 RNAafter stimu-
lation with PMAplus
anti-CD3 mAb in five
TES-specific and five
PPD-specific TCC. Cy-
toplasmic RNAwas
prepared from 16 h
stimulated TCCby
Nonidet P40 lysis, as
described in Methods.
Each sample contained
RNAobtained from 106
T blasts.
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Discussion

The results of this study demonstrate that TCCspecific for a
bacterial antigen (PPD) or a helminth component (TES) estab-
lished in vitro from the PB of the same individual belong to
sqbsets of CD4' T cells with opposite (Thl- or Th2-like, respec-
tively) and stable profile of cytokine production. Unlike the
alloreactive human TCC described by Paliard et al. (6), the
PPD- and TES-specific TCC reported here had a profile of
cytokine production only partially dependent on the stimulant
used. When TCCwere stimulated with PMAplus anti-CD3
antibody, the majority of TCC retained the antigen-revealed
phenotype. A proportion of Thl and Th2 shifted to the ThO
phenotype, probably because the combined activity of PMA
and anti-CD3 antibody resulted in a stronger stimulation for T
cells than that induced by the specific antigen. However, shift-
ing from ThO to Thl or Th2, from Thl to Th2, or from Th2 to
Th 1, was never observed.

The fact that PPD-specific TCCbelong to the Th I -like sub-
set (producing IL-2 and IFN-y) may explain why in vivo Mt
infection usually results in the development of remarkable
DTHtowards this antigen. Production of IFN-'y is indeed es-
sential for the expression of DTH reactions (20). The finding
that the great majority of TES-specific T cell clones isolated
from the PB of healthy individuals belong to the Th2-like sub-
set is also of interest. Human infection with Tc may result in
visceral larva migrans or ocular toxocariasis, which usually as-
sociate with increased IgE levels and eosinophilia (13). Thus,
the finding that TES-specific TCC usually produce IL-4 and
IL-5, but not IFN-'y, may account for both IgE production and
increase of eosinophils in Tc-infected patients.

The mechanisms by which in the same individual TES ex-
pands Th2-like, whereas PPDexpands Th I -like T cells remain
to be determined. In the mouse infested with Schistosoma
mansoni a Th2 response was shown to be induced by parasite
eggs and directed largely against egg antigens, whereas the Th I
reactivity in vaccinated mice was triggered primarily by larval
antigens (21). Thus, a first possibility may be that physical and/
or chemical properties of antigens are responsible for the prefer-
ential activation of one or the other subset. For example, it has
recently been shown that polyphenol-rich compounds preferen-
tially activate Th2 cells (22). Howsuch properties may influ-
ence T cell response is unclear, but might involve the preferen-
tial use of different accessory cells for antigen presentation. In
mouse, both Th I and Th2 cells respond comparably to macro-
phages, but Th2 clones respond better to B cells than Thl
clones (23). Hepatic nonparenchymal cells, enriched for
Kupffer cells of macrophage/monocyte origin, stimulate opti-
mal proliferation of Thl but not Th2 clones (24). Murine brain
capillary endothelial cells are more effective at stimulating Th2
clones, whereas brain capillary smooth muscle cells preferen-
tially stimulate Th 1 proliferation (25). Such data strongly sup-
port the notion that Thl and Th2 clones have distinct require-
ments for proliferative signals provided by APC. If this is the
case, it is reasonable to suggest that Mt and Tc antigens are
processed by functionally distinct APC.

Additional influences may result from steroid hormone
control over the anatomic compartmentalization of T cell lym-
phokine production (26) and from the regulatory activity of
lymphokines themselves (26-29). In the murine leishmaniasis
model, IFN-,y can strongly influence activated CD4+T cells to
differentiate into cells that produce the Thl set of cytokines,

and IL-4 may be the counterpart that promotes Th2 differen-
tiation of the same precursors (28). Another type of cross-regu-
lation may be provided by IL-lO, which is produced by Th2,
but not Th I clones, and inhibits the cytokine synthesis by Th I
cells (29).

Whatever mechanism is involved, our data provide un-
doubted evidence that, not only in mice but also in humans,
immunization with different infectious agents may involve
dominant Thl or Th2 cytokine patterns. Future experiments
may reveal why, at least in some conditions, DTHresponses
and responses characterized by IgE antibody production and
eosinophilia appear to be mutually exclusive rather than coex-
istent.
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