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Abstract

The effect of a cloned allospecific human Th cell, termed 86, on
the in vitro generation of altered self-reactive cytolytic T lym-
phocytes (CTL) was investigated. Utilizing the induction of
hapten altered self-reactive CTL as a model for virus or
tumor-specific cell-mediated immunity, we determined that the
presence of small numbers of clone 86 cells markedly ampli-
fied the generation of hapten altered self-reactive CTL. The
killer cells induced belong to the CD4-, CD8' subset, are spe-
cific for the hapten-modified autologous stimulator cells
present in culture, and are MHCclass I restricted. The CTL
induced under these culture conditions are readily expanded in
the presence of IL-2 with maintenance of efficient and specific
altered self-killing. Of interest, clone 86 cells preferentially
enhance the growth of CD8' T cells and selectively amplify
altered self-cytolysis but not NKcell activity. Although in vitro
clone 86 cells mediate help for CTL generation via the produc-
tion of lymphokines (IL4 but little IL-2), one can envision
immunotherapeutic strategies for human disease that involve
the adoptive transfer of Tb cells functionally analogous to
clone 86.

Introduction

The development of effective, antigen specific, adoptive im-
munotherapy for tumors and intracellular infections repre-
sents a major objective of cellular immunology. In a number
of experimental systems, considerable progress has been made
toward achieving this goal. For example, virus or tumor anti-
gen specific, murine cytolytic T lymphocytes (CTL),' induced
and/or expanded in vitro in the presence of antigen presenting
cells and IL-2, have been shown to effectively augment cell-
mediated immunity upon in vivo transfer into virally infected
or tumor-bearing syngeneic mice (1-4). In more recent studies
by Cheever et al. (5), Friend virus leukemia specific CTL,
grown in vitro in the presence of antigen presenting cells alone,
were adoptively transferred and shown to both mediate
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1. Abbreviations used in this paper: AFC, antibody-forming cells; CTL,
cytolytic T lymphocytes; LAK, lymphokine-activated killer cells; NK,
natural killer cells; Th, T helper cells; TNP, trinitrophenyl.

tumor-specific immunity and persist long term as functional
memory T cells.

An alternative approach to adoptive immunotherapy in-
volves the transfer of tumor antigen-specific helper T (Th) cells,
which may mediate a tumoricidal delayed type hypersensitiv-
ity response directly, or augment a CTL response by the recipi-
ent animal's immune system. In some experimental models of
tumor immunity, this approach has not only been successful,
but considerably more effective than the transfer of tumor-spe-
cific CTL (6). While appealing, the direct application of this
technique to human disease is complicated by the difficulty in
generating Th cells specific for weak (i.e., tumor) antigens, the
problems associated with MHCdisparities between the Th cell
donor and the tumor-bearing recipient, and the possibility of
tumor antigen-specific suppressor T cells that can impede an
effective immune response (7).

A potential strategy to circumvent these obstacles was sug-
gested by our observation of functional heterogeneity among
cloned human Th cell lines (8). We described two types of
CD4+, CD8- allospecific T cell clones that mediate reciprocat-
ing helper functions: one preferentially triggers the differentia-
tion of B cells into antibody forming cells (AFC), while the
other selectively amplifies allospecific CTL responses. We
postulated that these two functionally distinct Th subsets may
differ with respect to the spectrum of lymphokines that they
elaborate. More recently, evidence for a similar division of
labor among Th cells has emerged in both the rat (9) and
murine models (10).

The studies described in this report were designed to deter-
mine if cloned alloreactive human Tb cells can be utilized to
enhance CTL responses against more physiologically relevant
targets, namely altered self cells. To this end, we have focused
on the in vitro generation of human CTL that lyse hapten
modified autologous lymphocytes. This model was chosen as
the cellular interactions required for CTL generation ( 11) and
effector cell specificity (12, 13) of hapten altered self-reactive
CTLappear to be analogous to those for autologous tumor and
virally infected cells (14-17). Our results demonstrate that se-
lected allospecific Th cells can function to markedly amplify
the in vitro generation of hapten-altered self-specific, CD4-,
CD8+human CTL. These effector cells grow well in vitro and
mediate extremely efficient cytolytic activity. While these al-
lospecific Th cells function at least in part by the secretion of
lymphokines, the capacity of Th cells to bind (18, 19) and
present (19) antigen to the immune system suggests that these
cells may permit a novel immunotherapeutic strategy for
human diseases.

Methods

Isolation and fractionation of PBL. Fresh PBL were isolated from
healthy volunteers by Ficoll-Hypaque centrifugation. T cells were iso-
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lated from non-T cells by E rosette formation with neuraminidase-
treated sheep red blood cells and a second Ficoll-Hypaque centrifuga-
tion, as previously described (20). In some experiments, T cell subsets
were isolated by complement (c)-mediated lysis of the reciprocal subset
according to a previously described protocol (1 1). Briefly, 10 X 106 T
cells were resuspended in I cm3 of culture supernatant obtained from
murine B cell hybridomas secreting antibody to the CD4antigen, the
CD8antigen or, as a negative control, a monoclonal antibody that does
not bind human T cells. After 30 min of incubation at room tempera-
ture, 1 cm3 of a 1:6 dilution of baby rabbit complement (c) was added
and the cells incubated at 370C in a shaking water bath for 1 h. Cells
were washed extensively before use as responder or effector T cells. The
efficiency of c-mediated lysis was evaluated by determining the per-
centage of CD4' and CD8' cells in each treatment group by indirect
immunofluorescent staining utilizing the flow cytometer.

Allospecific Th Clone 86. Clone 86 is a DRI specific Th cell that has
been described previously (8, 21). Briefly, clone 86 was derived from
the limiting dilution culture of T cells, obtained from a DR2, 3 indi-
vidual, which had been sensitized in vitro against x-irradiated stimula-
tor cells obtained from a DR 1, 7-bearing donor. 86 cells have been
expanded by repetitive stimulation with DRI' x-irradiated stimulator
cells in the presence of IL-2. Clone 86 cells are CD3', CD4', and
CD8-. In functional assays, 86 cells proliferate in response to DRI'
stimulator cells. While 86 cells do not provide help for DRI B cell
differentiation, the presence of 86 cells during in vitro sensitization
markedly enhances the generation of allospecific CTL (8).

Hapten altered self-reactive CTL induction and effector assays. The
in vitro generation and functional assay of hapten altered self-reactive
human CTL have been described in detail (20, 22). Briefly, each sensi-
tization culture consisted of 12-24 replicate microwells (Linbro MR-2;
Flow Laboratories, Inc., Hamden, CT) containing 2 X I05 responder T
cells and 1 X 105 E rosette negative (E-) autologous stimulators in final
medium. Final medium consisted of RPMI 1640 (Gibco Laboratories,
Grand Island, NY) supplemented with 1%penicillin-streptomycin 200
mMl-glutamine, 2.5 mMHepes buffer, 0.05% NaHCO3and 10%FCS
(all from Microbiological Associates, Bethesda, MD). Autologous
stimulator cells were either unmodified or chemically derivitized with
trinitrophenyl (TNP) or FITC as previously described (20, 22). Sensi-
tization cultures were supplemented with final medium alone, clone
86 Th cells, or clone 86 Th culture supernatants, according to the
experimental design. Unless otherwise stated, 1 X 104 clone 86 cells
were added to each microwell at the initiation of cell culture. After 6 d
of incubation at 37°C in a 5% C02-95% air humid atmosphere, cul-
tures were harvested. Viable cells were counted and assayed in tripli-
cate at various effector to target ratios for cytotoxicity against 51Cr
labeled autologous target cells in a standard 4-h 5'Cr release assay (20).
For clarity, results are presented as mean percent lysis. Standard error
of all cytotoxic data points was < 4%.

In some studies, CTL specificity was assessed by preincubating
5'Cr-labeled target cells with a panel of monoclonal antibodies, in-
cluding: W6/32, specific for a monomorphic determinant of class I
HLA (23); CR11-351, specific for a polymorphic determinant of the
HLA-A-2 antigen (24); GAPA-3 specific for a polymorphic determi-
nant of the HLA-A-3 antigen; L243, specific for a monomorphic deter-
minant of class II HLA; and NAMB-1 specific for B-2 microglobulin
(24). GAPA-3 and L243 were purchased from American Type Culture
Collection (Rockville, MD).

Preparation of clone 86 Th cell culture supernatant. 1 X 106 clone 86
cells were cultured in 1 ml of final medium with an equal number of x
irradiated E- stimulator cells obtained from a DRI + or a DRI - alloge-
neic donor. In some studies, cultures were supplemented with -1
gg/ml of a monoclonal antibody, termed 19.1, which was raised by Dr.
Posnett and is specific for a private clonotypic determinant of the a-#
chain T cell receptor expressed by clone 86. After 36 h of incubation,
cultures were centrifuged at 1,500 rpm for 15 min. Cell-free culture
supernatants were isolated, passed through a 0.45 ,um filter (Millipore
Corp., Bedford, MA) and stored frozen at -70°C until used. To assay
for help in the generation of altered self-reactive CTL, supernatants

were added, at a final concentration of 30%, 24 h after the initiation of
sensitization culture. Culture supernatants were assayed for IL-2 con-
tent by their capacity to support the proliferation of CTLL-2 cells (25).
IL-4 was detected by the ability to induce BLAST-2 (CD-23) expres-
sion on resting tonsillar B cells, a response that appears to be unique to
IL-4 (26). In order to at least grossly quantitate the IL-2 and IL-4
content of culture supernatants, their biological activity was compared
to a standard curve generated by known quantitities of recombinant
(r)IL-4 (a generous gift from the DNAXResearch Institute, Palo Alto,
CA, prepared by Ms. Anita Van Kimmenade) and partially purified
IL-2 (Electronucleonics, Inc., Silver Springs, MD).

Results

Allospecific Th cell-induced hapten altered self-reactive CTL.
In previous studies, we observed that selected alloreactive
human Th clones, including the DRI specific clone 86, were
potent amplifiers of allospecific CTL responses (8). In those
experiments, coculture of 86 cells with autologous responder T
cells led to a vigorous CTL response directed against MHC
determinants expressed on the DR1 + feeder cells used to prop-
agate the 86 cell line. It should be emphasized that the DRl +
feeder cells were nonviable and, in the absence of viable 86
cells, no longer immunogenic. The CTL generated in these
cultures were predominantly CD4-, CD8' and demonstrated
specificity for MHCclass I antigens expressed by the feeder
cell (8).

In this report, we have studied the effects of cloned allo-
specific Th cells on the in vitro generation of human CTL
which lyse hapten modified autologous lymphocytes as a
model for tumor and viral immunity. To this end, clone 86
cells were added at the initiation of cultures containing re-
sponder T cells and either unmodified or TNP modified x
irradiated autologous stimulator cells. To ensure antigen spe-
cific activation of the 86 cells, these studies were performed
utilizing lymphocytes obtained from DR1' donors. The results
of two representative experiments are presented in Fig. 1. As
shown, cultures containing only responder T cells and TNP
modified autologous stimulators generate weak (Fig. 1 a) or
undetectable (Fig. 1 b) CTL responses against TNPmodified
autologous targets. The addition of clone 86 cells to responder
T cells and unmodified autologous stimulators does not in-
duce CTL activity against TNP-modified target cells. In con-
trast, the combination of responder T cells, TNP modified
autologous stimulators, and clone 86 cells results in a vigorous
CTL response against the TNP-modified autologous target. As
shown (Fig. 1 a) 86 cells markedly amplify an already existing
CTL response, and (Fig. 1 b) can elicit a CTL response that is
essentially undetectable in their absence. It should be noted
that none of these effector cell populations lyse unmodified
autologous target cells (data not shown).

Allospecific Th cell-induced altered self-reactive CTL are
predominantly CD4-, CD8+. To characterize the altered self-
reactive killer cells that are induced in this model, responder T
cells were sensitized against TNPmodified autologous stimu-
lators in the presence of clone 86 cells. After 6 d, cultures were
harvested and the recovered T cells subjected to complement-
mediated lysis with anti-CD4, anti-CD8, or control antibody.
The resulting populations were phenotyped with respect to T
cell subclass specific surface markers, to verify that the appro-
priate T cell subset had been depleted, and assayed for cyto-
lytic activity against unmodified and TNP-modified autolo-
gous targets. In agreement with our previous studies (8), TNP
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Figure 1. Allospecific Th clone 86 enhances altered self-cytolysis. Re-
sponder T cells were cocultured with x-irradiated unmodified (open
symbols, dotted lines) or TNPmodified (closed symbols, solid lines)
autologous E- stimulators. Cultures were supplemented with final
medium (o, *) or clone 86 cells (s, A). After 6 d, cultures were as-
sayed for cytotoxicity against unmodified and TNPmodified autolo-
gous targets. As there was no significant lysis of unmodified targets,
only cytolytic activity against the TNPmodified target is shown.

altered self-reactive CTL generated in the presence of clone 86
cells are predominantly CD4- and CD8+ (Fig. 2).

Allospecific Th cell-induced hapten altered self-reactive
CTL demonstrate self preference. To determine if the TNP
altered self-reactive CTLs induced in the presence of clone 86
Th cells are restricted by self MHCdeterminants, CTL popula-
tions were generated by coculture of responder T cells, TNP-
modified autologous stimulator cells, and clone 86 Th cells.

After 6 d, these cells were assayed for cytolytic activity against
a panel of target cells, including the natural killer cell (NK)
sensitive target cell line K562 and unmodified or TNP-modi-
fied cells derived from a panel of HLAhaplotype defined allo-
geneic donors. In addition, CTL specificity was probed by
blocking the cytolytic activity of the effector CTL, generated in
the presence of the clone 86 Th cells, with monoclonal antibod-
ies against MHCclass I or class II antigens.

As shown in Fig. 3, CTLs generated under these culture
conditions lyse TNP modified, but not unmodified, autolo-
gous targets and cytolysis is markedly inhibited by preincubat-
ing target cells with a monoclonal antibody directed against
either a framework determinant on MHCclass I molecules
(W6/32) or an anti-beta-2 microglobulin specific antibody
(NAMB- 1). In contrast, antibodies to MHCclass II framework
determinants (L243) or a polymorphic MHCclass I determi-
nant of the HLA-A-2 molecule (CR1 1-351) or the A3 mole-
cule (GAPA3), are without significant effect.

The inability of GAPA3, which binds to the HLA A-3
molecule expressed on the target cell, to block cytolysis (Fig. 3)
suggests that the altered self-reactive CTL induced in this study
are directed against other target cell specificities. In this regard,
while in all studies the CTL generated preferentially lyse TNP
modified autologous targets, these effector cells do lyse, to a
significant extent, TNP modified allogeneic targets, which
share no serologically defined MHCclass I antigens with the
CTL donor (Table I). This result is consistent with a previous
report demonstrating that a large proportion (40-80%) of TNP
specific human CTL are restricted by nonpolymorphic, species
specific determinants, presumably expressed on HLA class I
molecules (13).

The study depicted in Fig. 4 demonstrates the striking ca-
pacity of clone 86 Th cells selectively enhances the generation
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Figure 2. Hapten altered self-reactive CTL generated by Th clone 86
are predominantly CD4-, CD8+. Responder T cells were cocultured
with x-irradiated, TNPmodified, autologous E- stimulators and
clone 86 cells. After 6 d, viable cells were recovered and aliquots
treated with control antibody (o), OKT4(o), or OKT8 (A) in the
presence of complement. Each treatment group was washed exten-

sively and assayed for cytotoxicity against unmodified and TNP
modified autologous targets at the E/T ratios indicated. Surface phe-
notype of cells in each treatment group was as follows: control anti-
body CD4 = 42, CD8 = 48; T4 + complement CD4 = 1, CD8 = 97,
T8 + complement CD4 = 94, CD8 = 5.

W6/32 CRII-351 GAPA3 L 243 NAMB- I
Figure 3. Altered self-reactive CTL generated by Th clone 86 are

MHCclass I directed. Responder T cells were cultured with x-irra-
diated, TNPmodified, E- autologous stimulators and clone 86 cells.
After 6 d, the culture was assayed at an E/T ratio of 60/1 for cytotox-
icity against unmodified and TNPmodified autologous targets in the
presence or absence of the indicated concentration of monoclonal
antibody. Percent inhibition is calculated by comparing the percent
lysis observed in the presence of antibody to that observed in final
medium alone. At an E/T ratio of 60/1, there was 0.5% lysis of un-

modified and 38% lysis of TNPmodified autologous targets in final
medium alone.

1724 Friedman, Green, Russo, Posnett, Diffley, and Crow

30 1
4J

(n

I-

0

LL-
3
0

a-
z

LL
0
U1)

z-J
a-

20 I

10 F

(I)
w

CD

0

o,
U)
M
0
0
0

4
LU.
0
U)

-J

a-.

40 kA 40 [B

d



Table I. Cytolytic Potential ofAltered Self-reactive CTL Induced
by Clone 86 Th Cells

Percent lysis of targets
Target cell HLA type

Description of E/T
target cell A B DR 40:1 10:1

Exp. 1
A 3,11 8,18 1,- 2 0
ATNP 49 (47) 32 (32)
B 2,11 8,32 1,3 2 2
BTNp 40 (38) 26 (24)
C 3,- 7,35 1,- 33 19
CTNP 24() 20 (1)
D 2,32 35,38 2,6 42 23
DTNP 44 (2) 30 (7)

Exp. 2
C 3, - 7,35 1,- 0 0
CTNP 45 (45) 29 (29)
A 3,11 8,18 1, - 5 7

ATNp 16 (11) 13 (6)
E 3,23 44,35 2,4 8 1

ETNp 24 (16) 17 (16)
F 11, 33 35,32 6 0 0
FTNP 32 (32) 25 (25)
G I1, w32 w51,- 2,7 5 3
GTNP 21 (16) 18(15)

Responder T cells obtained from donor A (Exp. 1) or donor C (Exp.
2) were cocultured with x-irradiated TNPmodified, E- autologous
stimulators and clone 86 Th cells. After 6 d, cultures were assayed for
cytotoxicity against unmodified and TNPmodified target cells ob-
tained from the panel of HLA-typed donors shown. Numbers in pa-
rentheses represent TNPspecific lysis of each target obtained by sub-
tracting the percent lysis on unmodified cells from that observed on
TNPmodified targets. Note, the HLA type of the donor of clone 86
is A2,3 B12,35 DR2,3.

of hapten altered self-reactive CTL, without increasing NKcell
activity. Finally, as shown in Table I, Exp. 1, some allogeneic
target cells are lysed regardless of the presence of TNPon their
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Figure 4. Th clone 86 selectively enhances altered self-reactive CTL,
but not NK-like activity. Responder T cells were cultured with x-ir-
radiated unmodified (open symbols, dashed lines) or TNPmodified
(closed symbols, solid lines) E- autologous stimulators. Cultures were
supplemented with final medium alone (o, e) or clone 86 cells (o, *).
After 6 d, cultures were assayed for cytotoxicity against unmodified
(A) or TNPmodified (ATNP) autologous targets and a NK-sensitive
target (K562). Fresh PBL (o) were assayed simultaneously for lysis of
K562 cells as a positive NKcontrol.

surface. These targets share MHCclass I antigens with the
donor of clone 86 which the CTL donor does not express. This
result suggests that, in addition to the hapten altered self-reac-
tive CTL, a population of CTL are generated against clone 86.
Cold target inhibition studies have confirmed the presence of
two distinct CTL populations: hapten altered self-reactive and
alloreactive (data not shown). Together, these results demon-
strate that: (a) the hapten altered self-reactive CTL generated
are MHCclass I restricted and exhibit self-preference; (b) clone
86 cells preferentially activate altered self-specific CTL, but do
not affect NK cell function; and (c) clone 86 cells are them-
selves immunogenic. The possibility of a preferential expan-
sion of CTL recognizing determinants expressed on the Th cell
surface, at the expense of altered self-reactive CTL, suggests
that optimal altered self-CTL responses are to be expected if
the responder T cell donor is MHCclass I identical with the Th
cell donor.

Allospecific Th cell induced altered self-reactive CTL are
specific for the sensitizing hapten. Our results suggest, but do
not prove, that the CTLs generated in the presence of clone 86
may be specific -for the hapten expressed by the autologous
stimulator cells present in the sensitization culture. To for-
mally address this issue, responder T cells were cocultured
with either TNP-modified or FITC modified autologous stim-
ulator cells. Cultures were further supplemented with final me-
dium alone or clone 86 Th cells. At the end of 6 d, each popula-
tion was assayed for cytotoxic activity against unmodified,
TNP modified, and FITC modified autologous cells. As pre-
sented in Table II, the specificity of altered self-reactive CTL
induced by clone 86 is dictated by the hapten modified stimu-
lator cells present during culture. Thus, 86 cells enhance TNP
specific killing when added to cultures containing TNPmodi-
fied autologous stimulator cells and FITC specific cytolysis

Table II. Altered Self-reactive CTL Induced by Clone 86 Th Cells
Are Specific for the Sensitizing Hapten

%Lysis of targets

A ATNp AFrTc

Description of culture E/T = 60:1 30:1 60:1 30:1 60:1 30:1

Exp. I
E + ETNP 1.7 <1 13.2 <1 10.6 7.0
E+ + EFITC 5.2 <1 10.2 3.8 15.2 10.5
E+ + EjP + 86 9.8 0.7 46.6 32.7 20.5 9.2
E+ + EnTc + 86 13.7 5.6 21.1 8.8 43.7 35.3

Exp. 2
E+ + E- <1 <1 9.4 <1 3.9 5.4
E + ENP <1 <1 17.3 6.1 <1 <1
E+ + ETC <1 <1 9.8 <1 10.3 4.4
E+ + E- + 86 <1 <1 6.3 <1 8.4 5.4
E + ET + 86 <1 <1 50.7 24.3 8.4 5.9
E+ + EiTC + 86 <1 <1 11.2 4.6 26.9 13.3

Responder T cells were cultured with x-irradiated TNP, FITC, or, in
Exp. 2, unmodified E- autologous stimulators in the presence of
final medium alone or clone 86 Th cells. After 6 d, cultures were as-
sayed for cytotoxicity against unmodified (A), TNPmodified (ATNP),
or FITC modified (AFTc) autologous target cells at the E/T ratios in-
dicated.
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when added to cultures containing FITC modified self-stimu-
lator cells. These results confirm that 86 cells enhance the
differentiation and/or proliferation of CTL precursors which
have specifically interacted with antigen, i.e., hapten modified
autologous cells.

Small numbers of allospecific Th cells are required to am-
plify ahtered-self cytolysis and their activity is radioresistant.
Having established that allospecific Th cells can amplify the
generation of CD4-, CD8' hapten altered self-reactive CTLs,
we next investigated some of the parameters of cell culture
which control this in vitro effect. To this end, we performed
experiments in which varying numbers of 86 cells were added
at the initiation of cultures containing responder T cells and
TNP modified autologous stimulators. After 6 d, the number
of viable T cells recovered was determined and their CTL
activity was assessed on unmodified and TNPmodified autol-
ogous targets. As shown in Table III, Exp. 1, as few as 0.1% of
clone 86 cells induce readily detectable levels of altered self-
cytolysis, while the presence of only 5% clone 86 cells induces
maximal CTL activity on a per cell basis. Wewould empha-
size, however, that the addition of larger numbers of Th cells,
while not increasing the level of cytotoxicity generated at any
effector to target ratio, increased by two- to threefold the num-
ber of viable effector T cells generated at the end of 6 d of
culture. Therefore, although relatively small numbers of Th
cells can induce significant CTL activity, larger numbers am-
plify the proliferative response of the responder T cells thereby
generate more CTLs during the period of culture.

The capacity of cloned allospecific Th cells to induce B cell
proliferation and differentiation into antibody-forming cells is
resistant to x-irradiation (21). Wewere therefore interested to

determine the effect of x-irradiation on 86 helper activity for
CTL generation. As presented in Table III, Exp. 2, x-irradia-
tion of 86 cells before their addition to culture did not dimin-
ish the hapten altered self-reactive CTL response induced.
These data confirm that proliferation of 86 cells is not required
for their helper activity. Moreover, utilizing a monoclonal an-
tiidiotypic antibody (19. 1) to the 86 cell T cell antigen receptor
on clone 86 cells, we determined that after x-irradiation, viable
86 cells are lost from culture within 36 h (data not shown).
This observation, combined with the accelerated kinetics of
altered self-CTL observed in the presence of 86 cells (signifi-
cant levels of TNP specific killing are detectable by day 3 of
culture) suggest that clone 86 cells exert their helper effect(s)
on an early stage of CTL generation.

Alloreactive Th cells interact with isolated CDT4-, CDT8'
responder T cells in the induction of hapten altered self-reactive
CTL. To determine if clone 86 enhanced altered self-CTL
responses require the presence of additional CD4' helper cells,
experiments were performed in which responder T cell popu-
lations were depleted of CD4' or CD8' cells by complement-
mediated lysis and the resulting populations cocultured with
TNP-modified autologous stimulator cells in the presence or
absence of 86 cells. Phenotypic analysis of these responder
populations was performed to assure that the relevant T cell
subset had been depleted. The results of a representative ex-
periment (Fig. 5) demonstrate that CD4' cells, cultured either
in the presence or absence of clone 86 cells mediate very weak
cytolytic activity against TNP modified autologous targets.
Similarly, in the absence of clone 86, CD8' responder cells are
relatively inefficient mediators of hapten altered self-cytolysis.
In contrast, when CD8' responder cells are cocultured with

Table III. Small Numbers of Clone 86 Th Cells Are Required to Amplify Altered SeUf-cytolysis
Exp. I

Description of culture %Lysis of TNPmodified autologous targets
No. of cells recovered

Responder X-irradiated stimulator Clone 86 Th cells on day 6 E/T 80:1 40:1 20:1 10:1

E+ ETN- 3.0X 106 4 <1 <1 <1
E+ ETP 1 X 102 3.0 X 106 24 12 10 9
E+ EP Ilo,1X103 3.4 X 106 30 17 14 11
E+ ETNP 5 X 103 5.7 X 106 42 24 20 17
E+ E-NP 1 X 104 6.6 X 106 43 31 24 20
E+ EEiNP 5 X 104 9.0 X 106 45 32 23 19

Exp. 2

Description of culture %Lysis of TNPmodified targets

Responder X-irradiated stimulator Th clone E/T = 40:1 20:1 10:1

E+ E- 0 0 1
E+ E-Np 7 5 3
E+ E- 86 4 4 2
E+ ETNP 86 26 17 14
E+ Ef~p 86 (500 r) 20 16 11
E+ ETNP 86 (2,000 r) 32 25 17

(Exp. 1) 2 x I05 responder T cells were cultured with 1 x 105 x-irradiated, TNPmollified, E- autologous stimulators in the presence of final
medium or varying numbers of clone 86 Th cells. After 6 d, cultures were counted and assayed for cytotoxicity against TNPmodified autolo-
gous targets at the E/T ratio indicated. (Exp. 2) Responder T cells were cultured with x-irradiated unmodified or TNPmodified E- autologous
stimulators. Cultures were supplemented with final medium or 1 X 104 clone 86 cells, which were either untreated (86) or x-irradiated with 500
or 2,000 rad as indicated. After 6 d, cultures were harvested and assayed for cytotoxicity against TNPmodified autologous target cells.
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70 < Figure 5. Th clone 86 can
interact directly with

60 CD4-, CD8+ CTL precur-
sors to enhance altered self-

cj 50 . cytolysis. Responder T cells
w were subjected to comple-

:

40 ment-mediated Iysis in the
o presence of anti-CD4 (o, m)
2

30 or anti-CD8 (t, s), washed,
3 and cultured with x-irra-

o 2 diated, TNPmodified E-
o 20 __" autologous stimulators in

10 final medium alone (open
>1 10 Z- symbols, dotted lines) or in
.t*_§_ib ts the presence of clone 86 Th

10:1 20:1 40:1 80:1 cells (closed symbols, solid
EFFECTOR/TARGETRATIO lines). After 6 d, cultures

were assayed for cytotoxic-
ity against TNP-modified autologous targets at the E/T ratios shown.
Surface phenotype of cells in each treatment group was as follows:
anti-CD4 + CCD4= 0, CD8= 95; ani-CD8 + CCD4= 94, CD8= 5.

TNP-modified autologous stimulators and 86 Th cells, ex-
tremely high levels of cytolytic activity are demonstrable
against the TNP modified autologous target. This result is
consistent with our previous demonstration that optimal hap-
ten altered self-cytolysis required CD4+ cell interaction with
CD8+ CTL precursors (1 1). Taken together, these results sug-
gest that the interaction of antigen activated CTL precursors
with 86 cells, or their soluble products, is sufficient for the
induction of hapten altered self-cytolysis with no requirement
for additional CD4+ helper cells.

Allospecific Th clone 86 preferentially activates CD8+ cells.
Amplification of altered self-reactive CTL responses by both
isolated CD8+ cells and unselected T cells, in the absence of
enhanced NKcell activity, suggested that clone 86 may prefer-
entially activate CD8+ CTL precursors. To investigate this
point, cultures containing unselected responder T cells and
x-irradiated unmodified or TNPmodified autologous stimula-

tors were supplemented with final medium alone or x-irra-
diated clone 86 cells. Cultures were assayed, over time, for T
cell subset composition, T cell number, and cytolytic activity.
Two representative experiments, Table IV, demonstrate that
86 cells induce a reversal of the normal CD4 to CD8 ratio,
such that after 6 d of culture > 50% of the recovered cells are
CD8'. Moreover, after a week of expansion in the presence of
IL-2, the proportion of CD81 cells increases to > 80%. Perhaps
most important, the CD8+ cells induced in the presence of
clone 86 cells are readily expanded in vitro, to yield large
numbers of highly efficient hapten altered self-reactive CTL
(Fig. 6).

Allospecific Th cells amplify altered self-cytolysis via lym-
phokine production. Two pieces of data suggest that clone 86
may secrete lymphokines that trigger CTL precursor differen-
tiation and/or proliferation. First, as shown in Fig. 3, very
small numbers (0.1%) of clone 86 cells can markedly amplify
altered self-CTL responses. Second, in our previous study (8),
we reported that 86 cells induced an allospecific CTL response
against DR1- allogeneic stimulators providing a DR1+ stimu-
lator was also present in culture. These "three-party" experi-
ments were most consistent with the release of lymphokines by
antigen (DRl)-activated clone 86 cells, which enhanced CTL
activity of precursors that recognize MHCclass I determinants
on the DR1- stimulator.

To formally address the role of clone 86 derived lympho-
kines, 86 cells were cultured with final medium alone, DR1+,
or DR1- x-irradiated, E- stimulators. Additional cultures
contained 86 cells, DR1- stimulators and an antibody against
a private idiotype of the T cell receptor expressed by clone 86.
After 36 h, the supernatants were harvested, assayed for lym-
phokine content, and added to cultures containing responder
T cells and hapten-altered autologous stimulators. As shown-in
Table V, 86 cells, activated by antigen or antiidiotypic anti-
body, produce quantities of IL-4 that are maximally active in
the CD23 induction bioassay, but levels of IL-2 that are barely
detectable. In two separate experiments (Table VI), superna-
tants derived from antigen-activated clone 86 cells effectively

Table IV. Cloned 86 Th Cells Enhance the In Vitro Expansion of CD8i T Cells

Kinetic analysis of T cell subset composition
Description of culture

day4 day7 dayl5
X-irradiated Th clone

Responder stimulator 86 cells CD4 CD8 CD4 CD8 CD4 CD8

Exp. 1
E+ E- - 66 27 67 26 79 11

E+ EiNP - 65 23 74 23 74 15

E+ E- + 64 25 47 52 13 81

E+ iENP + 66 20 48 50 17 78

Exp. 2
E+ E- _ NT NT 57 32(7X106) 83 18(17X106)
E+ Ei:NP - NT NT 60 40 (7 X 106) 66 40 (12 X 106)
E+ E- + NT NT 33 57 (14 X 106) 17 72 (46 X 106)
E+ ETNP + NT NT 28 70 (14 X 106) 5 90 (54 X 106)

Responder T cells were cultured with unmodified or TNPmodified x-irradiated E- autologous stimulators in the presence of final medium
alone or clone 86 Th cells. After day 7, cultures were expanded in the presence of IL-2. At the time points indicated, aliquots of these popula-
tions were analyzed for CD4and CD8 composition. Numbers in parentheses represent total number of viable T cells recovered from an initial
responder T cell population of 4.8 X 106. Note, the cytotoxic activity of group 4, Exp. 2, assayed on day 6 and day 16 is depicted in Fig. 6.
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Figure 6. Hapten altered self-reactive CTL, generated by clone 86 Th
cells, maintain efficient, specific lysis after expansion in the presence
of IL-2. Responder T cells cultured with TNPmodified, E- autolo-
gous stimulators and clone 86 Th cells were assayed for cytotoxicity
against unmodified (o) or TNPmodified (-) autologous targets after
6 d of primary in vitro sensitization (A) or after 10 d of growth in the
presence of IL-2 (B).

trigger hapten-altered self-cytolysis, provided TNP modified

autologous stimulators were also present in culture. Of inter-

est, rIL-4, in concentrations that exceed those present in clone

86 culture supernatants, is a much less efficient trigger of al-

tered self cytolysis. Together, these results suggest that clone 86

provides help for CTL precursors, at least in part, by the anti-
gen induced release of soluble mediators. Although IL-4 may
play an important role in this effect, it appears likely that
additional lymphokines, as yet unidentified, are also involved.

R Table VI. Clone 86 Th Cells Enhance Altered Self-cytolysis
by Release of Soluble Factor(s)

Description of culture

Responder

EXP. I
E+
E+
E+
E+
E+
E+
E+

EXP. 2
E+
E+
E+
E+
E+
E+

X-irradiated Helper
stimulator stimulus

ETNP
E-
ETNP
ETNP
ETNP

ET-NP

E-
E-TNP

E-TN
EfTNP
EfTNP

ET-NP

86
86

sup 1

sup 2
sup 3

86
86

sup 2
rIL-4 (20 U)

%Lysis of TNPmodified
autologous targets

E/T = 80:1 40:1 20:1

3 0 0
2 0 0
8 2 3

19 12 9
9 0 2

28 17 11
19 10 8

11 12 0
22 14 0

6 5 0
53 36 5
41 32 11
21 16 3

Responder T cells were cultured with unmodified or TNPmodified,
x-irradiated, E- autologous stimulators. Cultures were supplemented
with final medium, clone 86 Th cells, or 30% final concentration of
culture supernatants obtained from 86 Th cell cultures as described
in the legend to Table VI. In Exp. 2, a culture was supplemented
with 20 U per microwell of rIL-4. Note, while clone 86 cells were

added at the initiation of culture, clone Th cell culture supernatants
and rIL-4 were added 24 h after the initiation of culture.

Table V. Antigen Activated Clone 86 Th Cells Produce
IL-4 but Little IL-2

%CD23 bearing [3H]TdR incorporation
Source of lymphokines B cells by CTLL-2 cells

None 8 587
rIL-4 20 U 47 NT

rIL-4 5 U 45 NT

rIL-4 0.5 U 30 NT

IL-2 160 U NT 10,248
IL-2 80 U NT 4,589
IL-2 16 U NT 2,819
IL-2 1.6 U NT 1,073

(86 + medium) sup 1 12 457

(86+DRl+)sup2 43 912
(86 + DRl) sup 3 10 488
(86 + DRI + anti- 19.1) sup 4 45 1,628

36-h culture supernatants (sup) were isolated from clone 86 Th cells
cultured with medium alone (sup 1), x-irradiated, E- stimulators ob-
tained from a DRlI (sup 2) or a DRI- (sup 3) donor, or DRI- stim-
ulators in concert with 1 ,ug/ml of anti- 19.1 antibody (sup 4). Super-
natants were assayed at a final concentration of 30% for IL-4 and
IL-2 bioactivity. IL-4 was assessed by the capacity to induce the ex-
pression of CD23 on resting human B cells, while IL-2 was detected
by the induction of proliferation by the murine T cell line, CTLL-2.
Note, in preliminary experiments, we confirmed that IL-2 is without
activity in the CD-23 assay and rIL-4 does not support CTLL-2 cell
proliferation.

Discussion

The at least partial success of lymphokine-activated killer
(LAK) cells in the treatment of advanced solid tumors (27) has
served to focus attention on the potential of adoptive immuno-
therapy for human disease. While the majority of LAK cells
mediate NK-like activity, it has been recently demonstrated
that high doses of IL-2 also induce tumor antigen specific,
MHCclass I-restricted CTLthat are crucial for the elimination
of macrometastases in several experimental models of tumor
immunity (28, 29).

With these issues in mind, we asked if cloned, alloantigen
reactive human Th cells might be exploited in the development
of more specific adoptive immunotherapy in man. As a first
step, we have examined the effect of one such clone, the DR1

reactive Th clone termed 86, on an in vitro model of tumor
immunity, the induction of altered self-reactive CTL. The
studies presented here demonstrate that the addition of small
numbers of clone 86 cells to sensitization cultures containing
responder T cells and hapten modified autologous stimulators,
efficiently enhances the in vitro generation of altered self-reac-
tive CTL. The killer cells induced belong to the CD4-, CD8+T
cell subset and their cytolytic activity is specific for hapten in
association with self MHCclass I antigens. The generation of
CTL requires the presence of both clone 86 cells and hapten
modified autologous stimulators during in vitro sensitization,
and the CTL that result are specific for the hapten (either TNP
or FITC) expressed on the autologous stimulator cells. In all
studies, the CTL generated lyse hapten-modified autologous
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targets more efficiently than hapten-modified allogeneic tar-
gets, and cytolytic activity is efficiently and selectively inhib-
ited by treating target cells with antibodies against monomor-
phic determinants MHIC class I molecules. Finally, the CD8'
altered self-reactive CTL induced by clone 86 are readily ex-
panded in the presence of IL-2 with maintenance of specific
cytotoxic activity.

Several aspects of our data suggest that clone 86 may pref-
erentially activate CD8' cells. First, altered self-reactive CTL
are efficiently induced in cultures containing hapten-modified
stimulators, clone 86 cells, and purified CD8' responder T
cells. Second, even in the presence of small numbers of clone
86 cells, CD8' cells are selectively expanded during the period
of primary in vitro sensitization and subsequent growth in
IL-2. Third, clone 86 cells selectively enhance hapten-altered
self-specific cytolysis, but not NKcell activity. Taken together,
these results demonstrate that allospecific Th cells can enhance
the proliferation and/or differentiation of "classic" CD8+ al-
tered self-reactive CTL precursors that have interacted with
antigen.

While NK cells are not induced by clone 86, we would
emphasize that our data do not rule out activation of at least a
subset of CD4' cells. In this regard, there is evidence in the
murine system to suggest that IL-4 serves as an autocrine,
selectively enhancing the growth of IL-4 producing Th cells
(30). Our demonstration of significant IL-4 production by ac-
tivated clone 86 cells raises the intriguing possibility that under
the culture conditions employed, this Th clone may trigger the
outgrowth of CD4+ Th cells of the same functional subclass as
clone 86, but specific for modified self, e.g., hapten-modified
autologous MHCclass II molecules. To this end, we are cur-
rently analyzing the function and antigen specificity of CD4'
responder T cells that have been cultured with hapten-modi-
fied autologous stimulators and clone 86 cells.

The capacity of small numbers of clone 86 cells to trigger
altered self-cytolysis suggested that these cells may function, at
least in part, by the release of lymphokines. To address this
point, 86 cells were activated with antigen (DRl+ stimulator
cells) or antiidiotypic antibody, supernatants assayed for lym-
phokine content and the capacity to induce altered self-reac-
tive CTL. Our data confirm that clone 86 cells elaborate solu-
ble mediators which can support the generation of hapten al-
tered self-reactive CTL. Of interest, the supernatants that were
most efficient in CTL generation contained only trace
amounts of IL-2, but substantial amounts of IL-4. These re-
sults suggest that clone 86 may represent a human equivalent
of the murine TO2 subset, described by Mosman et al., which
preferentially secretes IL-4 and IL-5, but little IL-2 or INF-
gamma(10). Moreover, the possibility that clone 86 may am-
plify altered self-cytolysis, at least in part, by production of
IL-4 is in agreement with a recent report by Widmer et al.
documenting the capacity of recombinant (r) IL-4 to enhance
allospecific CTL responses by human peripheral blood T cells
without amplifying LAK cell activity (31). In this context, our
results extend the studies of Widmer et al., demonstrating that
IL-4 producing human Th cells can activate purified CD8+
CTL precursors and can enhance a physiologically relevant
response, altered self-cytolysis.

It should be noted, however, that lymphokines other than
IL-2 and IL-4 can trigger CTL differentiation. Thus, another
product of Th2 cells, IL-5, induces antigen-activated murine
thymocytes to differentiate into specific CTL (32). In addition,

a novel human lymphokine with CTL activating properties
has recently been described (33). These considerations, cou-
pled with the failure of equivalent quantities of rIL-4 to sub-
stitute for 86 derived supernatants in the induction of altered-
self cytolysis, suggest that clone 86 may represent a subset of Th
cells that elaborates a combination of lymphokines, acting in
concert, to optimize CTL responses.

While the importance of lymphokines in CTL activation is
clear, it should be emphasized that lymphokines may not rep-
resent true "hormones" of the immune system, acting at great
distances from their site of production. Rather, these mole-
cules are likely to function locally to amplify the response of
antigen-activated lymphocytes in close proximity to the lym-
phokine-secreting cell (34). For this reason, the positive effect
of clone 86 derived lymphokines, readily detected in our in
vitro model of altered self-cytolysis, is likely to be lost in the in
vivo situation. These considerations, combined with the in-
triguing possibility of antigen binding and presentation by ac-
tivated Th cells (18, 19), suggest a novel strategy for antigen
specific adoptive immunotherapy in which Th cells, rather
than their soluble products, are employed. For example, it may
be possible to "arm" Th cells like clone 86, utilizing cell mem-
brane fragments or liposomes, which contain both tumor an-
tigen modified MHCclass I molecules and MHCclass II anti-
gen recognized by the Th cell. Binding of these membrane
fragments or liposomes to the T cell receptor may both acti-
vate the Th cells to produce lymphokines and permit the Th
cell to function as an antigen presenting cell. Upon in vivo
transfer, these cells may serve to bring into close proximity,
altered self-specific CTL precursors, altered self antigen, and
Th cells, which function to amplify the differentiation and
proliferation of CTL precursors that have interacted with anti-
gen. Further, the use of alloreactive, rather than tumor antigen
specific, Th cells is appealing, as these cells are relatively easy to
isolate and propagate in vitro. From a theoretical standpoint,
alloreactive Th cells may also have the advantage of bypassing
the potential inhibitory effects of tumor antigen-specific sup-
pressor cells that have been shown to downregulate effective
tumor rejection in several experimental models of tumor spe-
cific immunity (7).
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