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Ty1 and T,,2 Cell Antigen Receptors in
Experimental Leishmaniasis

Steven L. Reiner, Zhi-En Wang, Farah Hatam, Phillip Scott,
Richard M. Locksley*

The complexity and chronicity of parasitic infections have obscured the identification of
biologically relevant antigens. Analysis of the T cell receptor repertoire used by mice
infected with Leishmania major revealed the expansion of a restricted population of CD4*
cells. These cells expressed the V 8-J TA72,V .4 heterodimer in both progressive infection
and protective immunity and across several major histocompatibility haplotypes. Thus, the
same immunodominant parasite epitope drives the disparate outcomes of this infectious
process, suggesting that candidate vaccine antigens selected by screening of immune
individuals may be capable of exacerbating disease in genetically susceptible individuals.

A number of infections, including leprosy,
leishmaniasis, and tuberculosis, have polar-
ized manifestations that range from asymp-
tomatic seroconversion to disseminated dis-
ease. Infection of BALB/c mice with L.
major leads to parasitization of macrophages
and progressive disease that closely mimics
human visceral leishmaniasis, or kala-azar.
Disease has been associated with expansion
of the T helper 2 (T};2) CD4* population.
These cells contain transcripts for interleu-
kin-4 (IL-4) and IL-10 (I), cytokines that
interfere with the activation of infected
macrophages to a leishmanicidal state (2).
Several immunologic manipulations, in-
cluding transient CD4* depletion (3) or
administration of antibody to IL-4 (4),
permit these animals to establish a healer
phenotype comparable to genetically resist-
ant mouse strains such as C57BL/6 and
C3H/HeN. This phenotype has been asso-
ciated with expansion of Ty;1 CD4* cells
that contain transcripts for interferon-y
(IFN-vy) (1, 4). Transferred CD4 ™" cell lines
of the Tyl or Ty2 type are capable of
establishing a healer or nonhealer pheno-
type, respectively, in a manner dependent
on the elaboration of one of two key cyto-
kines, IFN-y or IL-4 (5). Administration of
neutralizing antibodies to IFN-y or IL-4 can
reverse a healer or nonhealer phenotype,
respectively, but such interventions must
occur close to the time of infection (4, 6).
Although leishmaniasis, like most parasitic
infections, is a chronic disease, these exper-
iments implicate early events in determin-
ing the critical CD4* T cell response that
mediates the eventual outcome. To define
the relation between parasite antigens ca-
pable of eliciting protective or nonprotec-
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tive immune responses in a characterized
model, we analyzed T cell receptor (TCR)
usage at early time points.

The expansion of CD4* T cells in
BALB/c mice (nonhealer phenotype),
BALB/c mice induced to heal by treatment
with antibody to IL-4 (anti-IL-4), and in
C57BL/6 mice (healer phenotype) was
characterized by monoclonal antibodies
(MAbs) to most of the variable regions of
TCRB molecules. MAbs to four TCRa
chains were also ,analyzed (Fig. 1). As
measured by flow cytofluorometric analysis,
few differences were evident between ani-
mals that cleared the infection and those
that developed disease or between different
major histocompatibility (MHC) haplo-
types (BALB/c mice are-H-2¢ and C57BL/6
mice are H-2%). Vg4-bearing CD4* cells
were expanded three to four times in all
experimental groups. Among the V, fami-
lies analyzed, V8 was also increased four to
seven times by 2 weeks after inoculation of
the parasite.

To assess TCR usage among parasite-
specific T helper cells, we established 16
consecutive Leishmania-specific T;2 clones
(7) from six animals with progressive infec-
tion and cloned and sequenced the TCRs
(Table 1). A strong bias toward V_8 (50%
of clones) and V4 (31%) usage was appar-
ent: in three of the clones these gene
products were paired and more than half of
the V 8" Ty2 clones paired with J TA72
and had identical junctional nucleotide se-
quences. The pairings of Vg4 with J, gene
products were more diverse.

Three L. major—specific Tyy1 clones were
established from mice induced to heal after
treatment with anti-CD4. An additional
Tyl clone, 9.1-2, which was established
from a BALB/c mouse immunized by intra-.
venous injection of parasite antigens, con-
fers protection after adoptive transfer (8).
Three of these four clones, including 9.1-2,
contained the identical V_8-J , TA72 se-
quence found in several of the T2 clones.
Two of these three clones used the V4-
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Fig. 1. Analysis of T cell receptor usage by CD4* cells during leishmaniasis. Popliteal lymph
node cells (LNCs) were harvested from naive mice and animals infected with L. major as
described (1), teased into single-cell suspensions at 4°C, washed, and incubated with the
designated MAbs or propidium iodide before analysis to determine the logarithm of fluorescence
emission with a fluorescence-activated cell sorter (FACScan; Becton Dickinson). Macrophages
and neutrophils were excluded by forward- and side-scatter analysis. Phycoerythrin (PE)-
conjugated antibody to CD4 (MAb GK1.5; Becton Dickinson) was used in conjunction with the
appropriate antibody to V region that was conjugated with either fluorescein isothiocyanate
(FITC) or biotin. Streptavidin-tricolor (CalTag) was used as a second-step label for biotinylated
antibodies. Values given are the results of a typical experiment or the mean of many experiments.

J51.6 sequence found in the T2 clone U3;
tge third used- Vg4 but was paired to a
different Jz. Expression was confirmed by

staining with MAbs to V 8 and V4.

O v,_8 only
B V8 +Vys
Vg4 only

Fig. 3. Quantitative PCR assay of mRNA isolated
from the LNCs of uninfected, infected, or anti-IL-
4—pretreated and infected BALB/c mice collect-
ed at 2 weeks after infection with L. major. (A)
TCR expression before and during leishmaniasis
among CD4-selected cells. (B) Cytokine profile
of V 8-bearing T cells during progressive and
resolving infection. We isolated CD4* LNCs to
>93% purity using magnetic bead selection with
MAb GK1.5 as described (7) from uninfected or
infected BALB/c mice (A). We purified V_8* cells
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Fig. 2. Kinetic analysis of V_8, V44 usage by
CD4+ cells during leishmaniasis in BALB/c
mice. LNCs were isolated and stained as
described in Fig. 1. FITC-conjugated MAb KT
50 [anti-V_8; (27)] and biotinylated MAb KT4
[anti-Vg4; (22)] secondarily labeled with
streptavidin-tricolor (CalTag) were used to as-
sess staining among CD4* lymphocytes by
selecting for analysis only cells staining with
PE-conjugated MAb GK1.5. Gates for V_8 and
Vg4 were determined by the staining pattern of
single and double antibody-stained controls
plus parallel specimens stained with propid-
ium to assess viability.
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The expansion of V 8,Vg4 CD4* cells
was analyzed in vivo by flow cytometry of
lymphocytes harvested at designated times
after inoculation of the parasite (Fig. 2).
These studies demonstrated that the peak
expansion of V,8,Vg4 CD4* cells (9 to 75
times the baseline numbers in various ex-
periments) occurred 2 weeks after infec-
tion, before the disease becomes clinically
manifest. By the sixth week, CD4* cells
expressing V8, VB4’ or both, continued to
be present in greater frequency than in
naive controls.

As independent confirmation of the flow
cytometry studies, quantitative polymerase
chain reaction (PCR) was used to assess the
expression of V.8 and V34 mRNA among
CD4" cells taken from draining lymph
nodes during infection and from uninfected
mice (Fig. 3A). V8 and Vg4 mRNAs were
expanded four- to sixfold in both healing
and progressive infection when normalized
to mRNA amplified from the constant re-
gion of the other chain of the heterodimeric
TCR. The ability of this assay to detect
expansion of discrete subpopulations of
CD4* cells was confirmed with the use of a
Vg13-specific oligomer that documented no
significant expansion of these cells (Fig.
3A). A similar analysis was used to examine
levels of IL-4 and IFN-y mRNA in V 8-
expressing T cells isolated 2 weeks after
infection. Polarized lymphokine mRNA
transcripts for either IFN-y or IL-4 were
already present in the V_8* populations
(Fig. 3B), demonstrating that a T cell
subset with a relatively limited receptor
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extracted with RNAzol (Biotecx) and reverse-transcribed with random hexamer primers for use as
PCR template. Equal amounts of RNA (as measured by both optical density and ethidium bromide
staining in agarose gels) were used in each reaction. Thermocycle conditions were established in
preliminary experiments to reflect direct praoportionality between input RNA and intensity of the
amplified product. TCR variable region quantitation was internally controlled by simultaneous
amplification of the constant region from the heterodimeric partner chain as described (23).
Amplification of IL-4 and IFN-y was standardized by concurrent amplification of TCR C,. Primers
used (in addition to C region primers listed in legend to Table 1) were as follows: V_8 (5'-TGAA-
GAGCTCCACAGACAACAAG-3'), V4 (5'-AGTCGCTTCCAACCTCAAAG-3'), V413 (5'-CCCTCGG-
ATCGATTTTCTGCT-3'), C,, sense (5'-CCCAGAACCTGCTGTGTACCA-3'), C, sense (5'-TGTGAC-
TCCACCCAAGGT-3'), IL-4 (antisense, 5'-CTTTAGGCTTTCCAGGAAGTCTTT-3’; sense, 5'-CTAG-
TTGTCATCCTGCTCTTCTTT-3'), and IFN-y (antisense, 5'-GTGGACCACTCGGATGAGCTCATT-3;
sense, 5'-TGTTACTGCCACGGCACAGTCATT-3). PCR products were separated on a 2% agarose
gel, stained with ethidium bromide, and photographed with positive-negative film (Polaroid type 55)
to allow gquantitation of band intensity by video densitometry (Joyce-Loebl) of the negative image.
The authenticity of the amplified products was confirmed by direct sequencing or Southern (DNA)
blotting and hybridization, with an internal oligomer, or both.



repertoire can manifest opposite functional
phenotypes in vivo.

Mouse strains of different MHC class 11
haplotypes that are genetically susceptible
(BALB/b; H-2%) or resistant (B10.D2,
H-2¢; C57BL/6, H-2%; C3H/HeN, H-2%) to
L. major were compared for expression of
V8 and Vg4 among CD4* cells during
infection (Flg 4). In BALB/c (nonhealer)
and B10.D2 (healer) mice (H-29) there was
expansion of cells expressing one or both of
the markers. The number of V_8* cells
paired with V4™ cells was expanded as
compared w1th the naive state. BALB/b
(nonhealer) and C57BL/6 (healer) mice
(H-2%) also showed marked expansion of
cells expressing both V 8 and V4. Mice
with the H-2b haplotype dlsplayed an in-
creased number of V g4 cells, although the
numbers of V_8* and V,8%Vg4™ cells were

Nalve Infected
BALB/c
3.0 05
1031
10!
25
C57BL/6
01 79
103
= |
107 [
3.0
C3H/HeN
26 0.2
103
10!
S e 23 :
10! 103 10! 103
Vgt

Fig. 5. Expansion of cells containing a V 8-
J,TA72 rearrangement in various mouse strains
during leishmaniasis. Genomic DNA was isolat-
ed from the various experimental groups and
digested with Eco RI. Amplification was carried
out on 10 ng of DNA with the V_8 5’ primer (Fig.
3) and an antisense primer from the intron 3’ of
J JA72 (5'-TTCAGAATTCCTACTCTACATAG-
GA-3’) for 35 cycles. PCR products were re-
solved on a 2% agarose gel and transferred to a
nylon membrane (Hybond). Hybridization under

as greatly expanded as in H-2¢ animals.
C3H/HeN (healer) mice (H-2*) had similar
expansion of the V 8% cells but less bias in
the pairing with VB4 and little expansion of
the Vg4™ population. Triple staining with
MAbs to V2, V314, and CD4 showed that
the presence of multiple stains did not
falsely elevate the values of TCR expression
during infection.

We evaluated the prototypic TCRa
gene rearrangement occutring in clone
9.1-2 in infected mice of the different MHC
class II haplotypes to determine whether
the conserved heterodimeric TCR shared
clonal specificity. PCR amplification with
V8- and J ,TAT72-specific oligomers
showed increased amounts of this TCRa
chain in genomic DNA extracted from
infected lymph nodes as compared with
spleen cells from uninfected animals, as

Naive Infected

28

19 e
108 10! 103
Vgt

10!

Fig. 4. V8 and V,4 expression during leish-
maniasis in various mouse strains. Levels of
expression in uninfected animals and after 2
weeks of infection were compared by flow
cytofluorometric analysis as described in Fig. 2.
Tests typically included three to six animals
from the same experimental group. Strains
were tested a minimum of three times, except
C3H/HeN, which was tested twice.
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high stringency conditions was done with an oligomer spanning the junctional nucleotide sequence
found in clone 9.1-2 (5'-TGTGCTTTGAGTGCCGACATGGGCTAC-3'; N addition nucleotides are
underlined; the 13 bases on the 5’ end are derived from V_8, and the 11 bases on the 3’ end are
derived from J_TA72). Blots were then stripped and reprobed with an internal oligomer for V_8
(5'-AGCACAGAAGTACAGGGCA-3') to ascertain the amounts of the total PCR product.
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assessed by probing the amplification prod-
uct with an internal V_8 oligomer (Fig. 5).
We assessed the fine specificity by probing
the blot with an oligomer specific for the
junctional sequence of the prototypic
clones and normalizing the hybridization
signal to that of the total V _8-] TA72
product. Infected BALB/c of both healer
and nonhealer phenotypes contained the
highest proportion of the 9.1-2-like rear-
rangement, although hybridization oc-
curred in all L. major-infected mice.
These findings provide insight into the
development of the Ty1 and T2 responses

Table 1. V and J region distribution among
Leishmania-specific CD4* clones. Total MRNA
was isolated from the clones or hybridomas
with RNAzol (Biotecx). Moloney murine leuke-
mia virus reverse transcriptase (BRL), deoxy-
nucleotide triphosphates, and an antisense
primer from the constant (C) region of either the
a (5'-TCAACTGGACCACAGCCTCAG-3’) or B
(5'-GATCTCATAGAGGATGGT-3’) chains of
the TCR were used to reverse transcribe the
mRNA of interest. Amplification with PCR was
done with a set of degenerate oligomers from
the 5’ variable regions of the a [5'-A(G,T)TAC-
(A-T)TCT(A,T)(C,T)TGGTAC-3' and 5'-C(AT)
(A.G,T)A,C)(C,T)CT(G,T)TTCTGGTA(C,T)-3']
or B [5'-ATGTACTGGTA(C,T)(A.C)(AAG)(A,G)-
CA-3'] TCR together with nested 3' oligomers
fromthe C_ (5'-GATCTTTTAACTGGTACACAG-
3') or Cy (5' -GGAGACCTTGGGTGGAGTCAC-
3) reglons Anchored PCR as described in (24)
was required to amplify the productively rear-
ranged gene product in some instances. The
PCR products were isolated from agarose gels
and sequenced directly with the dideoxy chain
termination method with the use of the Seque-
nase kit (U.S. Biochemical Corp.). Assignment
of gene usage was based on nomenclature for
sequences listed in GenBank. V_8 sequences
were homologous with BALB/c cosmid V_8.2A
(provided by K. Wang and L. Hood) and are
equivalent to designation V_F3.4 of Chou et al.
(25).

Clone V,J, Va-ds
T2
us 8-TA72 4 -16
u2 8-TA72 6 2.7
U4 8-DK 4 27
12 8-LB2 8.3-14
22 8-TA72 8.2-2.2
23 2-LB2 15 14
35 4-TA28 13 24
41 5-TA72 6 -1.6
43 8-TA72 9 27
4.4 5-TA31 2 -23
53 14-E1 4 22
M1 4-C5 15 23
M2 3-TT11 4 -25
M3 3-TA13 15 -1.5
M5 8-N14 8.3-2.7
M6 8-TA72 4 27
T 1
H27 8-TA72 4 -16
113 8-TA72 4 16
4.10 8-TA72 4 23
9.1-2 8-TA72 4 -16
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that have been implicated in many bacterial,
mycobacterial, fungal, and parasitic diseases
(9). There are two models for the develop-
ment of Tyl and T2 responses: the first
suggests that they derive from distinct pre-
cursors (10), whereas the second suggests
that they arise from a common lineage. The
use of peptide-specific clones (11), limiting
dilution analysis (I12), and transgenic mice
expressing a single TCR (13) support the
second possibility, and the findings in this
paper extend these previous observations by
linking subset maturation to biologically im-
portant antigens implicated in the immune
response to an infectious organism.

Evidence supporting an oligoclonal im-
mune response was obtained by flow cyto-
fluorometric analysis, direct sequencing of
receptors from parasite-specific CD4" T
cell clones, and amplification of genomic
rearrangements as extracted from infected
mice. The response had unusual features.
First, several of the clones used common
variable region genes but expressed distinct
junctional sequences. The junctional diver-
sity created by N region additions and
exonucleotytic nibbling generates the
CDR3 domain of the TCR implicated in
the interaction with peptide (14). Al-
though this implies that these different
clones should recognize distinct epitopes,
instances in which conserved V regions
seem to contribute substantially to fine
specificity despite CDR3 differences have
been noted (15). Second, 90% of the de-
duced junctional sequences of the Leish-
mania-specific clones contain anionic resi-
dues in this region (16), perhaps indicating
recognition of a cationic parasite antigen
(17). The importance of charged residues
within the CDR3 domain in shaping the
TCR-peptide interaction with MHC has
been delineated with the use of transgenic
mice expressing single-chain TCRs (I8).
Third, the occurrence of relatively con-
served TCR sequences among different an-
imals and across MHC class II boundaries
was not predicted. The generation of the
rearranged functional TCR is not random;
bias in the use of junctional nucleotide
additions contributes to constraints on
CDR3 length (19). The frequent use of the
V,8-J,TAT2 rearrangement suggests that
the CDR3 region of the TCRa chain may
interact with a monomorphic parasite de-
terminant, whereas the variation in pairing
with Vg4 or in the V4-D-], recombination
may provide the necessary polymorphism to
bind different MHC molecules.

The nature of the antigen constitutes an
important area for further investigation.
Experiments to date have identified reactiv-
ity in association with a 10-kD protein that
stimulates the protective BALB/c-derived
clone, 9.1-2 (8). The identification of this
antigen in all Leishmania species analyzed

1460

(8) is consistent with its important role in
the immune response and in disease. As
shown in the present study, however, the
immunologic milieu, rather than the anti-
gen, may be more important in determining
the development of a successful immune
response. A search for factors that modify
the developmental regulation of CD4 " sub-
sets might ultimately be more productive
than the hope that universally protective
microbial antigens can be reliably identified.
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Inhibition of Human Colon Cancer Growth by
Antibody-Directed Human LAK Cells in SCID Mice

Hiroshi Takahashi,* Tetsuya Nakada, Isabelle Puisieux

Advanced human colon cancer does not respond to lymphokine-activated killer (LAK) cells.
In order to direct cytotoxic cells to the tumor, human LAK cells linked with antibodies to a
tumor cell surface antigen were tested with established hepatic metastases in severe
combined immunodeficient (SCID) mice. These cells had increased uptake into the tumor
and suppression of tumor growth as compared with LAK cells alone, thereby improving the
survival of tumor-bearing mice. Thus, tumor growth can be inhibited by targeted LAK cells,
and SCID mice can be used io test the antitumor properties of human effector cells.

Lymphokine-activated killer cells generat-
ed by interleukin-2 (IL-2) are cytotoxic to
colon cancer cells in vitro (1). However, in
clinical trials, advanced human colon can-
cer has been refractory to adoptive immu-
notherapy using LAK cells (2). This limi-
tation of LAK therapy may be due in part to
an ineffectiveness of LAK cell cytotoxicity
(3) or a lack of recruitment of LAK cells to
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the tumor mass (4). In this report, we
demonstrate that human LAK cells can be
targeted to the tumor by antibodies to a
tumor cell surface antigen. This targeting
augments the LAK cell effectiveness against
hepatic metastases of human colon cancer
in SCID mice (5).

SCID mice have no functional T and B
cells and therefore will not reject xenografts






