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Summary

Rare T cell clones bearing both CD4 and T cell receptors (TCR~ and TCRS)
were obtained from human peripheral blood by cell sorting using anti-CD4
and anti-TCR§1 antibodies. All the clones established were reactive with
anti-TCR+61 antibody, whereas only about 20% of the clones showed reactivity
with anti-6TCS1 antibody. Unlike CD4* T cells bearing TCR«/3, all the clones
tested were lectin-dependent and showed CD3 antibody-redirected cytolytic activ-
ity. About 60% exhibited natural killer cell-like activity. Immunoprecipitation
analysis of TCR+6 showed that each clone expressed either a disulfide-linked
or nondisulfide-linked heterodimer consisting of 37—44 kilodalton TCRy and
TCRé chains. Southern blot analyses of TCRy and TCRé genes revealed
some identical rearrangement patterns, suggesting the limited heterogeneity of
CD4*TCR~6* T cells in peripheral blood.

Introduction

The second class of T cell antigen receptors (I'CR) in humans is comprised
of v and § chains, and it is expressed in a small subpopulation (19%—-10%) of
peripheral blood (PB) T cells.!~® The majority of T cells bearing TCRy6 (76T cells)
lack expression of both CD4 or CD8 accessory molecules which are invelved in the
recognition of major histocompatibility complex (MHC) antigens by mature T cells
bearing TCRaf heterodimer («fT cells). Flow cytometric analyses of PB T cells
have shown the presence of a minor fraction of v4T cells (<10%) that express the
CD8 molecules,!™® and these CD8*+¢T cells have been isolated from intestinal
intraepithelial lymphocytes* and PB T cells.>® Furthermore, expression of the
(D4 molecules in a small fraction of 4T cells has been inferred from flow

§The complete text of this report will not be available in Japanese.
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cytometry studies of PB lymphocytes (PBL), although the frequency of such cells
in PBL appears to be less than 5% of total 46T cells' and no characterization
has been done. Recently, it was reported that 20% of yé positive cells in fetal
liver express the CD4 molecule, but the immunological function of these cells
is unknown.” In the present study, we confirmed the presence of PB CD4*+sT
cells by isolating and cloning them, as well as by characterizing their molecular
nature. The possible differentiation pathways of PB CD4*y4T cells will also be
discussed.

Materials and Methods
Monoclonal antibodies

Anti-TCR61,° fluorescein-labeled anti-TCRé1 (FL-anti-TCRé1), and FL-anti-
§TCS1 antibodies® were purchased from T Cell Science (Cambridge, Mass). Anti-
TCRé1 antibody reacts with an invariant portion of the TCRS chain,® whereas
anti-STCS1 antibody is believed to recognize the Vé1 determinants expressed in
a subpopulation of 76T cells.*!? Anti-TCRy61 antibody® reacting with the TCRy
chain or the v§ complex was kindly provided by Dr. J. Borst, Netherlands Cancer
Institute, Amsterdam. FL-anti-Leu2a (CD8), phycoerythrin-labeled anti-Leu3a
(CD4) (PE-anti-Leu3a), PE-anti-Leud4 (CD3), PE-anti-Leullc (CD16), FL-anti-
Leu7 (CD57), and PE-anti-Leul9 (CD56) antibodies were obtained from Becton
Dickinson (Mountain View, Calif). NU-T3 (CD3) antibody'! was purchased from
Seikagaku Kogyo (Tokyo, Japan).

Cell sorting and culture

Human PB mononuclear cells from a healthy normal donor were isolated using
Ficoll/Hypaque density centrifugation and were stained with FL-anti-TCR61 and
PE-Leu3a antibodies, as described by the supplier. For two-color fluorescence
analysis, the lymphocyte fraction was gated by forward and right-angle light
scatter. Approximately 200 cells in the window for the CD4*TCRé1* fraction
were sorted (see Figure 1A). Immediately after sorting, cells were distributed into
96-well plates at a frequency of about one cell per well, and they were cultured
with GIT medium (Wako Pure Chemical Industry, Osaka, Japan) containing fetal
calf serum (FCS), phytohemagglutinin (PHA), recombinant IL-2, and feeder cells
for 3—4 weeks.'? Clones derived from these cultures were expanded with feed for

further analysis.

Immunoprecipitation

T cell clones were surface-labeled with 1%°I using a standard lactoperoxidase
method.!® After radioiodination, cells were lysed in extraction buffer (10 mM
triethanolamine, 0.15 M NaCl, pH 7.8, with the protease inhibitors) contain-
ing 1% digitonin or 0.5% NP-40.!* Immunoprecipitations were performed by
incubating the detergent lysates with 2 ug of NU-T3 (anti-CD3, IgGs,), anti-
TCRé1 antibody (IgGi), control mouse myeloma UPC-10 (IgGza), or MOPC21
(IgG1) for three hours on ice, followed by the addition of protein A-Sepharose
beads and further incubation of the mixture for one hour. For anti-TCRs1 and
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MOPC21 antibodies, protein A-Sepharose was precoated with rabbit-antimouse
immunoglobulins. Sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) was performed using 10%—20% linear gradient gels either under
nonreduced or reduced conditions.

Chromium-51 release assays

Cytotoxicity assays were carried out for four hours using the ®'Cr release
method as previously described.'? For the assay of a redirected lysis and lectin-
mediated lysis, anti-CD3 antibody (0.5 jg/ml) or PHA (1:1600) was added at the
beginning and was present throughout the assay.

Southern blotting

High-molecular-weight DNA samples extracted from CD4*44T cell clones were
cleaved with BamHI restriction enzyme, electrophoresed in 0.7% agarose gel,
transferred to nitrocellulose filters'? and probed with *2P-labeled Jy genomic!®
and J§ ¢cDNA!S probes.

Results

To detect and isolate CD4*+6T cells, two-color flow cytometry of normal PBL
stained with FL-anti-TCRé1 and PE-anti-CD4 (Leu3a) antibodies was performed
using a cell sorter. When a sorting window was set for the cell fraction expressing
both anti-CD4 and anti-TCRé1 reactive antigens (Figure 1A), CD4*TCRé&1* cells
were observed at a frequency of 0.05%—1% of TCRé#1* cells in five normal donors.
This finding was in accord with previous reports.!™ Cells in the window were
sorted from PBL of a normal donor and cloned in 96-well plates by limiting
dilution. A total of 17 clones were found to be CD4*TCRé1* (Figure 1B), and
they were expanded for further analyses. Although these data are not shown,
expression of both TCRy and CD4 mRNA was detected by Northern blot analyses
for all the CD4*TCRé1* clones examined.

These CD4*TCRS1" cell clones were analyzed by cell surface immunofiuo-
rescence and cell-mediated cytolytic assay. All of these clones showed positive
staining with anti-TCR~$1 antibody, therefore they expressed both TCR~ and
TCRé chains (Figure 1C, Table 1). Among these, only four clones (about 20%)
were positively stained with anti-6TCS1 antibody, supposedly specific to Vé1
determinant (Figure 1D, Table 1). Levels of surface CD3 expression were found
to be 1.5- to 4-fold higher in CD4*+¢T cell clones than in ordinary CD4'a ST cell
clones (data not shown). In addition, most of these clones weakly expressed
CD56, but not CD16, CD57 (Table 1), or CD8. These clones exhibited variable
levels of non-MHC-restricted cytolytic activity; 11 clones lysed the K562 tumor
cells without externally added ligands and all the clones tested effectively lysed
U937 cells coated with PHA or anti-CD3 (Leud) antibody (Table 1).
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Figure 1. Flow cytometric analyses of TCRy§ expression in peripheral blood (PB) lymphocytes and an

isolated 8T cell clone.

(A) Two-color distribution of 5 x 10° PB lymphocytes stained with FL-anti-TCRS1 and PE-anti-CD4
(Leu3a) antibodies. Contours differ by a factor of 10 in events per channel with the lowest contour
representing one event per channel. A sorting window for CD4*TCR§1* cells was set in the region

shown in this figure.

(B) Expression of CD4 antigen and TCRé in a T cell clone, T4D-51, stained with the same antibodies

as shown in (A).

(C, D) Reactivity of anti-TCRy§1 (C) and anti-6 TCS1(D) antibodies with the T4D-51 clone. Dotted lines

represent control staining with myeloma IgGy (MOPC21) antibody.
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Table 1. Surface phenotypes and cytolytic activity of CD4*~6T cell clones

Surface phenotype

Cytolytic activity
(% 3'Cr release)

Tcell clones TCRy§1 6TCS1 CD16 CD56 CD57

Targets K562

Uaazb

PHA  Anti-CD3

T4D-2 + - - + -
T4D-7 + - - + -
T4D-12 + - - + -
T4D-18 + - - + -
T4D-19 + + - + -
T4D-20 + - - + -
T4D-24 + - — + =
T4D-26 " - = + =
T4D-28 + - - + -
T4D-39 + + - - =
T4D-43 + - - + -
T4D-45 + - - + -
T4D-46 + + - - -
T4D-48 + - - + ~
T4D-51 + + - - -
T4D-55 + - - : —
T4D-60 + - - 4 -

ND°
2
9
5

54

77
40

17
13
ND

69
18

ND
33
25
5
45
22
16
ND
31
7
38
38
ND
27
13
63
53

ND
40
37
35
57
33
24
ND
38
13
49
ND
ND
25
ND
70
65

aEffector cell-to-target cell ratio was 20:1.

b Cytolytic activity against 3'Cr-labeled U937 target cells was assayed in the presence of phytohemag-

glutinin (PHA) or anti-CD3 antibody (Leud).

®Not done

The nature of the TCRy6/CD3 complex was analyzed by immunoprecipitation
of *I-labeled extracts with anti-CD3 and TCRé1 antibodies (Figure 2). SDS-
PAGE of immunoprecipitates obtained from three §TCS1- clones (Figure 2, lanes
1-8) revealed TCR proteins of 37—43 kilodalton (kDa) under reduced conditions,
and 82-84 kDa under nonreduced conditions, indicating disulfide-linked TCR~6
dimers. In one clone, T4D-12, three discrete TCR bands were observed (lane 7).
This is most probably due to differential glycosylation resulting in a doublet of
TCRy protein in SDS-PAGE, as reported by Hochstenbach et al.!” Among the two
S§TCS1* clones tested, one clone exhibited disulfide-linked TCR~§ (37-42 kDa)
(lanes 9 and 10), whereas the other expressed nondisulfide-linked v and & chains

(40—44 kDa) (lanes 11 and 12).
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Figure 2. SDS-PAGE analyses of TCRv8 molecules immunoprecipitated from CD4*44T cell clones, T4D-
12 (lanes 1-4), T4D-18 (lanes 5 and 6), T4D-7 (lanes 7 and 8), T4D-19 (lanes 9 and 10), and T4D-39
(lanes 11 and 12) under reduced (R) or nonreduced (NR) conditions. For T4D-12, 18 and 7 cells were
5TCS1™, and for T4D-19, 39 cells were §TCS1* (see Table 1). A total of 5 to 10 x 10° cells were labeled
with 12| and lysed in digitonin (lanes 1 and 2) or NP-40 (lanes 3-12) lysing buffer, and the lysates were
immunoprecipitated with NU-T3 (CD3) (lane 1), UPC10 (lane 2), anti-TCR&1 (lanes 3, 5, 7, 9, and 11)
and MOPC21 (lanes 4, 6, 8, 10, and 12) antibodies.

The DNA configuration at the TCRy and TCRé genes was analyzed for
13 CD4*y6T cell clones by Southern blotting using Jy genomic DNA and J§
cDNA as probes, respectively. Analysis using the BamHI (Figure 3) and other
restriction enzymes (EcoRI and HindlIII) revealed that all of the CD4*44T cell
clones examined had rearrangements of both TCRy and § genes. Furthermore,
three clones, T4D-39, 46, and 51, exhibited the same rearrangement patterns of
both TCRy and ¢ genes (Figure 3, lanes 4, 6, and 8) and two other clones, T4D-
26 and 60 (Figure 3, lanes 3 and 9). Although these data are not shown, these
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Figure 3. Southern blot analysis of TCRy (upper) and TCR§ (lower) genes using Jv and J& probes,
respectively. BamHI-digested DNA was prepared from TdD-24 (lane 2), T4D-26 (lane 3), T4D-39 (lane
4), TAD-43 (lane 5), T4D-46 (lane 6), T4D-48 (lane 7), TAD-51 (lane 8), T4D-60 (lane 9), and from a
CD4*a /3 T cell clone established from the same donor (lane 10). The germline configurations (15 kb
and 12.5 kb for +; 14 kb for &) are shown in lane 1 (B cell line, Daudi). Both TCRé alleles were deleted
in the CD4%*n 3T cell clone (lane 10).

clones also had the same rearrangement patterns of TCR3, v, and § genes in
EcoRI and HindIII digestion. Since cell cloning had been performed immediately
after sorting without preculture, these observations suggested in vivo clonality
for each set of the CD4++46T cell clones.

Discussion

In the present study, we isolated CD4*y$T cell clones from human PB, but
both the immunological functions and the differentiation pathway of this T cell
subset are not well understood. Similar to double negative 76T cells, almost all
CD4*+4T cell clones exhibit cytolytic activity. Although it is not clear whether
such cytotoxicity is a result of either the in vitro culture condition or is a reflection
of the in vivo activity of these cells, the functional properties of CD4*+4T cells are
distinctively different from CD4*a3T cells that exhibit mostly helper activity but
rarely cytolytic activity.’® Moreover, PB CD4*~6T cell clones displayed another
feature of fetal liver CD4%y46T cells which cannot lyse targets in lectin-mediated
cytolytic assays.” It is not known whether such a functional difference between PB
and fetal liver CD4*+4T cells is due to a differential T cell subset or a differential
maturation stage.



RERF TR 5-90

There are three possible schemes for the differentiation pathway of PB
CD4*yéT cells. Described by Strominger,!® one is analogous to the generally
accepted model for that of CD4* or CD8* o T cells; the majority of the CD478~
thymic cells expressing surface TCRy$ exit the thymus and presumably appear
in the periphery. A residual minor population of double-negative ~6 cells could
express both CD4 and CD8 molecules, and these double-positive cells might be
intermediate stages to peripheral single positive v6T cells. Although these double
positive v6 thymocytes have not been identified as yet, these hypothetical cells
may be a substrate for positive thymic selection, as are TCRa/3-expressing cells.!?
In the second model, PB CD4*y¢T cells are differentiated directly from fetal
liver CD4%yé cells not via the thymus-dependent pathway. Fetal liver CD4%~§
cells might be relatively immature cells, suggested by their lack of detectable
immunological functions,” and mature CD4*y$T cells having cytolytic activity
circulate in PB. In the third model, CD4*y§T cells are derived from PB double-
negative mature v4T cells. In this case, CD4 expression may be induced in double-
negative 6 cells after antigen or lymphokine stimulation.

Immunoprecipitation analysis of TCRv§ showed that four out of five clones
tested express disulfide-linked heterodimer consisting of 37—44 kDa TCR~y and
TCRé chains. This suggests that the majority of CD4*~6T cells in PB use Cy1
gene segments!” for their TCRy chain expression. It is also noteworthy that the
§TCS1* clones bear either a disulfide-linked or nondisulfide-linked receptor, a
finding consistent with an observation by Seki et al,?® but not with that reported
by Bottino et al,?! which described that §TCS1* clones express only nondisulfide-
linked receptors.

The frequency of CD4*+éT cells measured by flow cytometry appeared to be
approximately 107 to 107 of total PB T cells. Among such rare T cells, in vivo
clonality was suggested by Southern blot analyses of the rearrangement patterns
of TCRy and § genes for randomly selected clones from one normal donor. It is
possible that CD4"v4éT cells in PB had multiplied in vivo probably as a result of
clonal expansion by antigen-induced proliferation. Because of the limited number
of clones analyzed, the total number of independent clones in PB CD4*46T cells
cannot be evaluated at the present time. However, the present finding suggests
that the heterogeneity of the CD4*+¢T cell population is not very great. It remains
to be determined whether such a rare T cell subset with limited heterogeneity
will respond to particular antigens and exhibit specific functions. As a first
step toward answering this question, we hope to examine whether specific V~
or Vé genes are preferentially used for these clones and whether CD4 molecules
expressed on this rare T cell subset are involved in MHC recognition.
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