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Summary

The T cell receptor repertoire has a potential for vast diversity. However, this diversity is limited
by the fact that the majority of thymocytes die as the repertoire is shaped by positive and negative
selection events during development. Such thymic selection affecting TCR V(3 gene segment
usage has been demonstrated in the mouse. However, similar data has not been forthcoming
in man, and little is known about the role of the TCR « chain in antigen/major histocompatibility
complex (MHC) recognition in any species. Here, we used a monoclonal antibody recognizing
the TCR Va12.1 gene product to assess the expression of this gene in the peripheral blood of
man. In most individuals tested, the percentage of cells expressing Va12.1 was significantly higher
in CD8* T cells than in CD4* T cells. That the Vo gene product itself was responsible for
this increased expression in CD8* T cells was underscored by the lack of substantial skewing
of V3 usage in the Val12.1-bearing T cells. Moreover, the skewed expression of Va12.1 was
already present at birth, indicating that it was likely to be due to a developmental process rather
than the result of exposure to environmental antigens. Based on the established role for CD8
in binding to class I MHC molecules, we suggest that increased expression of Va12.1 on CD8*
T cells points to a role for TCR’s using Va12.1 in class I MHC/Ag recognition. These results
indicate that Vo gene usage in the peripheral blood of man is not random, and they support
arole for Vo as a participant in the self-MHC recognition process that shapes the TCR repertoire.

T cells play a central role in immunity through specific
recognition of foreign peptides bound to selt-MHC mol-
ecules. This recognition of antigen and self-MHC is carried
out by clonotypic a3 T cell receptors, present on the surface
of T lymphocytes in association with the CD3 complex (1).
TCR « and B chains are assembled by somatic recombina-
tion of discontinuous germline gene segments during T cell
development. The generation of a diverse repertoire of human
a3 TCRs is accomplished by the recombination of a single
V gene segment (selected from a pool of approximately 100
Vas and 80 Vs) to an individual J gene segment (out of
approximately 100 Jos and 13 JBs). Template-independent
nucleotide (N-segment) insertions at the junctions, DS usage,
and the imprecise joining of the germline gene segments fur-
ther increase TCR diversity (2, 3). However, in a given in-
dividual the potentially large repertoire of TCR structures
may not actually be used by mature peripheral T cells. For
instance, thymocytes bearing TCRs strongly autoreactive to
self-MHC molecules are clonally deleted (negative selection)
to achieve self-tolerance during thymic maturation (4, 5). In
addition, lymphocytes bearing transgenic TCRs restricted to

a particular MHC allele fail to develop fully in mice lacking
the appropriate MHC molecule. These and other data led
to the suggestion that a process of positive selection may also
shape the peripheral TCR repertoire in mice and relate to
the self-MHC restricted recognition of antigens by periph-
eral T lymphocytes (6-8). With few exceptions, mature o8
bearing T lymphocytes in the periphery are either CD8*
and restricted to class I MHC molecules, or are CD4* and
restricted to class II MHC molecules (9).

Molecular modeling predicts that the V gene segment en-
coded CDR 1 and 2 may contact the MHC molecule, while
the V-(D@)-J junctional sequence encoded CDR3 may be
oriented to interact predominantly with the foreign antigen
peptide (3, 10). However, most studies to date supporting
the role of TCR segments in determining the fate of T cells
during the process of thymic selection and in their subse-
quent function in cell-mediated immune responses are based
largely on analyses of V3 gene products (11, 12). In contrast,
little correlation between the expression of particular TCR
o chains and MHC recognition or thymic selection has been
reported. The few studies available to date implicate the TCR
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@ chain in foreign antigen specificity whereas little direct evi-
dence has shown a role in MHC recognition.

Here, a Va12.1-specific mAb enabled us to analyze the ex-
pression of this gene segment in peripheral blood T cell subsets
by flow cytometry. Most individuals expressed the Va12.1
gene segment with significantly higher frequency (up to three-
fold) on CD8* T cells in comparison with CD4* T cells.
This phenomenon is likely to be mediated by a process acting
on the Var12.1 gene product itself, since the concomitant usage
of VB genes was heterogenous and similar in both CD4*
and CD8* subsets of T cells. Moreover, the biased expres-
sion of Var12.1 on CD8* T cells was present at birth, be-
fore antigenic challenge, suggesting that it may be the result
of thymic selection events and not of foreign antigen-driven
peripheral expansion.

Materials and Methods

Antibodies. The mAb 6D6 was generated by injecting BALB/c
mice at monthly intervals with TCR a8 complexes isolated from
the human T leukemia cell line HPB-MLT. TCR complexes were
partially purified by immunoprecipitation using anti-CD3 mAb
adsorbed to Protein A bearing fixed Staphylococcus aureus bacteria
(Pansorbin; Calbiochem Corp., San Diego, CA) using a protocol
described previously (13). Immune spleen cells were fused with
P3X63Ag8.653 myeloma cells in the presence of polyethylene glycol
1500 (British Drug House, Carlplace, NY). The fused cells were
then selected in the presence of hypoxanthine-aminopterin-
thymidine (Sigma Chemical Co., St. Louis, MO) at 10°/well in
96-well plates. Supernatants from wells positive for growth were
screened by immunoprecipitation on *I-labeled HPB-MLT cell ly-
sates. One of the hybridomas that produced antibodies that
specifically immunoprecipitated HPB-MLT TCR-complex was
selected and subcloned for additional study. The hybridoma product,
mAb 6D6, was identified as IgG1 by immunodiffusion analysis and
is specific for Var12.1 encoded products (see Text).

MAD 3A2 was also generated against the HPB-MLT TCR of3-
complex using the same protocol. It was shown to be specific for
the 8 chain of HPB-MLT (Vf35.3) by immunoprecipitation experi-
ments (see Fig. 2 B, lane 3). In addition to immunofluorescence
staining of HPB-MLT cell surface, approximately 1% of all T cells
in PBL stain with mAb 3A2 (data not shown). AntiTCR § frame-
work antibody, SF1, was also made in this laboratory (13). MAb
obtained from other sources include Leu-4 (anti-CD3) (14), SPV-
T3b (anti-CD3) (15), OKT4 (anti-CD4), OKTS (anti-CD8) (16),
C305 (anti-Vf38) (17), F1 (anti'TCR o chain framework) (T Cell
Sciences, Inc., Cambridge, MA), P3 (control) (18) and 187.1 (Rat
anti-mouse & chain) (19).

Immunofluorescence and Flow Cytometry. Flow cytometric anal-
yses were performed using directly conjugated antibodies. Two-
color analyses on peripheral blood lymphocytes were carried out
as described previously using a FACSCAN (Becton Dickinson and
Co., Mountainview, CA) (20). Viable cells were analyzed by gating
on the propidium iodide negative lymphocytes.

Radiolabeling and Immunoprecipitation. ~ Cell surface radiolabeling
of HPB-MLT cells was performed by using Na'®I and lactoperox-
idase as previously described (21). Biosynthetic labeling of TCR
chains from HPB-MLT was carried out as follows. Cells were washed
and incubated at 5 x 10° cells/ml in methionine- and cysteine-
free RPMI-1640 containing 10% dialyzed FCS, 2 mM glutamine
and 20 mM HEPES at 37°C in 5% CO; atmosphere. After 30

min, 0.5 mCi each of [*S]-methionine and -cysteine were added
and incubation continued for 4 h. Cells were pelleted and lysed
in Tris-buffered saline (TBS, 50 mM Tiis pH 7.5, 150 mM NaCl)
containing 1% Triton X-100, 1 mM PMSF and 8 mM iodoaceta-
mide. Cell lysates were pre-cleared twice using normal rabbit serum
(NRS) and fixed S. aureus Cowan 1 (Pansorbin; Calbiochem-
Boehring Corp., San Diego, CA). Specific immunoprecipitations
were carried out using amounts of ascites determined to be op-
timal; 6D6 (0.1 ul), 3A2 (0.4 pl), Leu 4 (0.1 pl), BF1 (0.25 ul)
or oF1 (0.1 pl). In each case 150 pl of mAb 187.1 (rat anti-mouse
K) culture supernatant was added as a second antibody. After 60
min incubation at 4°C, 100 ul of 10% Protein-A sepharose CL4B
(Pharmacia Fine Chemicals, Uppsala, Sweden) was added and in-
cubated further for 30 min. Immune complexes were washed in
0.1% Triton X-100, resolved by SDS-PAGE and analyzed by auto-
radiography as described (22).

Derivation of 6D6* T Cell Clones. PBMC were stimulated in
vitro with 50 ng/ml of mAb 6D6 in RPMI-1640 containing 2 mM
glutamine, 20 mM HEPES, and 10% pooled human serum. Sec-
ondary stimulation was carried out using autologous PBMC (4,000
rads) and 50 ng/ml of 6D6 antibody. After 3 wk in culture, the
proportion of 6D6" cells in the CD3* population rose from about
4% to 85%. Cells were cloned by plating at limiting dilutions in
media containing 1I-2 and a panel of 6D6* and 6D6™ T cell
clones was derived.

Southern Blot Hybridization. Genomic DNA was extracted from
T cells by a standard technique (23). DNA was digested with Bam
HI restriction enzyme, size fractionated on 0.7% agarose gel and
transferted to Hybond-N nylon membranes (Amersham Corp.).
DNA was cross-linked to the membranes by UV-irradiation and
hybridized with *P-labeled probes. The Var12.1 probe was an Eco
RI-Acc I (nucleotides —100 to +322) fragment of the TCR chain
cDNA clone pGAS5 (24). Va DNA fragment was radiolabeled with
[**?P]-dGTP and -dCTP using random oligonucleotide primers
and Klenow. Likewise, PCR products generated using the V- and
CB-specific primers were size fractionated on 2% agarose gels, trans-
ferred to nylon filters, and hybridized with mixed *2P-labeled CB1-
(oligo #3Cf3) and CB2-specific (oligo #4Cf) probes (see below).

Statistical Analyses. To assess if the differences in expression of
Val2.1 in the CD4* and CD8* T cell subsets were significant,
two-sided Wilcoxon signed-ranked sum tests were used (25).

Polymerase Chain Reaction. Total RNA was isolated from Ficoll-
purified mononuclear cells according to Chomczynski and Sacchi
(26). cDNA was synthesized at 42°C in 50 pl reactions using 0.5 g
oligo (dT) primer, 4 to 8 ug total RNA and 10 U of AMYV reverse
transcriptase (Promega Corp., Madison, WI). After 1 h, the reac-
tion mixture was diluted to 100 ul, boiled and chilled, and cen-
trifuged to remove insoluble material. PCR was performed in 25 ul
reactions containing 1 ul of cDNA (1/100), 1 mm MgCl;, 10 mM
Tris pH 8.3, 1 mg/ml Gelatin, 5 pmole of each primer, 0.2 mM
of each AN'TP and 2 U of Tag-Polymerase (Thermus aquaticus DNA
polymerase, Perkin-Elmer-Cetus Corp.). Briefly, cONA and primers
were pre-mixed with MgCl,/Tris/Gelatin buffer and heated at
95°C for 7 min. Other components were added, the reaction mix
was overlain with mineral oil, and 25 to 30 cycles of PCR were
carried out in a thermocycler (Perkin-Elmer-Cetus Corp.) at the
following settings: 0.7 min at 95°C for denaturation, 1 min at
56°C for annealing, and 1 min at 72°C for chain extension. To
ensure complete synthesis, the last cycle at 72°C was extended to
10 min.

Cloning in M13 and Sequencing. Var12.1-specific (5' GGGG-
TCGACTTGCCAGCCTGTTGAGGGCAG 3') and Ca-specific
(5' GGGAAGCTTCTGGTACACGGCAGGGTCAGG 3') primers
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were used to generate PCR products using cDNA from 6D6+
T cell clones. Restriction sites in the PCR primers were used to
generate sticky ends for cloning. Appropriately sized DNA prod-
ucts were then isolated from low melting point (LMP) agarose gels
(BRL, Gaithersburg, MD) and ligated to M13 plasmids for cloning
and sequencing by the dideoxy chain termination method using
the modified T7 polymerase (Sequenase; United States Biochem-
ical Corp., Cleveland, OH) (27). The sequencing products were
resolved on polyacrylamide gels and autoradiography was carried
out according to standard methods.

Oligonucleotide Probes and Primers. V[B-specific PCR products
were generated using primers based on published sequences with
some modifications (28, 29). The oligonucleotide sequences for the
V@ specific family members used in combination with the C8
primers are listed below: VB1-GGGGTCGACGCACAACAGT
TCCCTGACTTGCAC(+); VB2-GGGGTCGACTCATCAACC-
ATGCAAGCCTGACCT(+); VB3-GGGGTCGACGTCTCTAG-
AGAGAAGAAGGAGCGC(+); VB4-GGGGTCGACACATATGA-
GAGTGGATTTGTCATT(+); VB5.1-GGGGTCGACATACTTC-
AGTGAGACACAGAGAAAC(+); VB5.2/3-GGGGTCGACTTC-
CCTAACTATAGCTCTGAGCTG(+); VB6.1/2/3-GGGGTCG-
ACAGGCCTGAGGGATCCGTCTC( +); VB7-GGGGTCGACC-
CTGAATGCCCCAACAGCTCTC(+); VB8-GGGGTCGACAT
TTACTTTAACAACAACGTTCCG(+); VBI-GGGGTCGACC-
CTAAATCTCCAGACAAAGCTCAC(+); VB10-GGGGTCGAC-
CTCCAAAAACTCATCCTGTACCTT(+); VB11-GGGGTCGA-
CTCAACAGTCTCCAGAATAAGGACG(+); VB12-GGGGTCG-
ACAAAGGAGAAGTCTCAGAT(+); VB13.1-GGGGTCGACC-
AAGGAGAAGTCCCCAATGGC(+); VB13.2-GGGGTCGACG-
GTGAGGGTACAACTGCCAAA(+); VB14-GGGGTCGACGTC-
TCTCGAAAAGAGAAGAGGAAT(+); VB15-GGGGTCGACAG-
TGTCTCTCGACAGGCACAGGCT(+); VB16-GGGGTCGAC-
AAAGAGTCTAAACAGGATGAGTCC(+); VB17-GGGGTCGA-
CCAGATAGTAAATGACTTTCAG(+); VB18-GGGGTCGACG-
ATGAGTCAGGAATGCCAAAGGAA(+); VB19-GGGGTCGA-
CCAATGCCCCAAGAACGCACCCTGC(+); VB20-GGGGT
CGACAGCTCTGAGGTGCCCCAGAATCTC(+); #1CB-GGG-
AAGCTTCTGATGGCTCAAACACAG(-); #2CB-GGGAAGC-
TTACACCAGTGTGGCCTTTTGGGTG(-); #3CBTCGGGT
GGGAACACGTTTTTC(-); #4CBTCGGGTGGGAACACC-
TTGTTC(-).

The 5’ sense strand primers V811, VB14, V15, V318 and V519
were used in combination with the 3’ anti-sense primer #2C8, while
the rest of the V3 primers were used in combination with the primer
#1CB. This was to minimize PCR artifact (primer-dimer) forma-
tion due to possible 3'-end complementary bases shared between
sense and anti-sense primers. Synthetic oligonucleotides were ra-
diolabeled at the 5’ termini with [y-*?P] using the enzyme bacte-
riophage T4 polynucleotide kinase. All of the PCR products were
size fractionated, transferred and hybridized with internal region
Cp probes, #3Cf and #4CB. VBspecific PCR products were visual-
ized by autoradiography and radioactivity was counted directly by
using a blot analyzer (Betascope 603; Betagen Corp.).

Results

MAUb 6D6 is Specific for TCR Var12.1. To facilitate direct
examination of the TCR repertoire in man, a murine mAb
directed against a Var12.1 determinant was established (see
Materials and Methods). MAb 6D6 bound specifically to the
surface of HPB-MLT cells (the immunizing cell line) and to
approximately 2% to 4% of peripheral T cells from normal
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Figure 1. Cell surface reactivity of mAb 6D6. MAb 6D6 stained HPB-
MLT cells and a small subpopulation (2-5%) of peripheral blood lympho-
cytes but not the Jurkat T leukemia cell line. Staining of Jurkat cells and
PBL with the V38-specific mAb C305 is shown for comparison (17). Iso-
type matched mAb P3 was used as a negative control and mAb T3b (anti-
CD3) was used as positive control. MAb 6D6 was generated against the
af8 TCR complex isolated from HPB-MLT as described in Materials and

Methods. Cell number scale is linear, fluorescence intensity scale is log.

individuals (Fig. 1). For comparison, mAb C305, specific for
V38 encoded TCR products, also reacted with a few percent
of peripheral blood T cells and the Jurkat cell line (which
expresses V38) but not with HPB-MLT cells (which express
Va12.1 and VB5.3) (Fig. 1).

To determine the nature of the molecule recognized by
mAb 6D6, immunoprecipitations were performed on %I-
labeled HPB-MLT cell lysates followed by SDS-PAGE and
autoradiography. The mAb immunoprecipitated the TCR o3
heterodimer (85 kD) under nonreducing conditions (Fig. 2
A, lane 4). This 85 kD heterodimer resolved into two spe-
cies with Mr 46 kD (TCR«) and 39 kD (TCRS) under
reducing conditions (Fig. 2 4, lane 8). For comparison, similar
radiolabeled species were visualized after immunoprecipita-
tions with TCR @-specific mAb BF1 and CD3e-specific mAb
Leu 4 (Fig. 2 A). In both antiTCR and anti-CD3 immuno-
precipitations, a variable degree of coimmunoprecipitation
of the other components was noted.

To delineate the TCR. chain specificity of mAb 6D6, im-
munoprecipitations were carried out on HPB-MLT cell ly-
sates metabolically labeled with 3[S]-methionine and -cys-
teine. Under these conditions a detectable fraction of the newly
synthesized o and 8 TCR chains were still unpaired, such
that mAb 6D6 immunoprecipitated both a free a chain
(migrating as a sharp band at 43 kD), and the 5-heterodimers
as fully glycosylated (80-85 kD) and partially glycosylated
(70-75 kD) structures (Fig. 2 B, lane 5) based on sizes reported
earlier (30). Immunoprecipitation with the anti‘TCR « frame-
work antibody, oF1, confirmed that the 43 kD species was
the unpaired TCR « chain subunit (Fig. 2 B, lane 4). The
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Figure 2. Immunochemical characterization of mAb 6D6 reactivity. (4) Immunoprecipitations of the &/ TCR complex from cell surface 1251 ra-
diolabeled HPB-MLT cells were resolved by SDS-PAGE and analyzed by autoradiography. Antibodies were P3 (negative control), Leud (anti-CD3),
BF1 (anti- framework) and 6D6. Under nonreducing (NR) conditions (lanes 1-4), the o TCR complex was resolved as a 85 kD species by direct
immunoprecipitation with mAbs $F1-and 6D6 or by co-immunoprecipitation with anti-CD3 mAb Leu 4. Under reducing (R) conditions (lanes 5-8),
the TCR o and 3 subunits were visualized as 46 kD and 39 kD species, respectively. Note the CD3 subunits at 20-30 kD. (B) MAb 6D6 recognized
2 determinant present on the o chain of the HPB-MLT TCR complex. HPB-MLT cells were metabolically labeled with 35(S)-methionine and -cysteine
for 4 h and solubilized in 1% Triton X-100. Immunoprecipitations were carried out with the indicated antibodies, and resolved by SDS-PAGE under
nonreducing (NR) conditions and visualized by fluorography. MAbs 8F1 (TCR B framework) and 3A2 (anti-V35) immunoprecipitated the unpaired
B chain (lanes 2 and 3, respectively). In contrast, F1 (anti-framework) and 6D6 antibodies (lanes 4 and 5, respectively) immunoprecipitated the unpaired
a chain from HPB-MIT cell lysates. While mAb aF1 immunoprecipitated all of the glycosylated o chain species identified in HPB-MLT (13), mAb
6D6 immunoprecipitated only one of these species. Note that mAb 6D6 also recognized the TCR of3 heterodimer as fully (80-85 kD) and partially
(70-75 kD) glycosylated complexes (see text).

other radiolabelled species (41-44 kD) in the oF1 precipita-
tion presumably corresponded to differentially glycosylated
« chain species, as reported previously (13). By comparison,
other mAbs that we generated including the antiTCR
framework antibody, 8F1 (lane 2), and antibody against the
V3 product of HPB-MLT (3A2) (lane 3) both immunopre-
cipitated the unpaired §-chain (38 kD) but not any of the
free o chain species. Thus, mAb 6D6 reacted with a deter-
minant expressed on the TCR-o chain.

To examine whether this determinant was encoded by Va,
Ja or a combination of both gene segments, 6D6* T cell
clones derived from healthy individuals were analyzed.

Southern blot analysis using the Vor12.1-specific (pGA5) probe
showed this Vo gene to be rearranged in all the 6D6* T
cell clones and the HPB-MLT leukemia cell line (Fig. 3 A).
The fact that the rearranged fragments were of different sizes
in each cell line indicated that the Var12.1 gene segment which
is part of a Vo family having only one member (24, 31),
might be rearranging to several different Jo gene segments.
This suggested that mAb 6D6 recognized a Vo rather than
a Jor gene segment encoded determinant. Similarly, Northern
blot analysis revealed expression of Ver12.1 transcripts in
6D6* T cell clones (data not shown). These conclusions
were confirmed by determining the nucleic acid sequences
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Figure 3. Val2.1 gene segment encodes the determinant recognized
by mAb 6D6. (4) 6D6* T cells contained different Vo121 gene rear-
rangements. DNA from 6D6* T cell clones HD5.A (lane 4) and HD5.B
(lane 5), T cell leukemia cell line HPB-MLT (lane 3), and the 6D6- T
cell clone 3A2.D were digested with Bam HI and analyzed by Southern
hybridization using 2 Var12.1-specific probe. Germline configuration (GL)
for Vor12.1 gene was seen as a 6.3 Kb fragment in the B cell line, SB
(lane 7). While both Va12.1 alleles in 3A2.D T cell clone were deleted,
DNA from HD5.A, HD5.B and HPB-MLT showed distinct Var12.1 rear-
rangements (R). (B) Partial nucleic acid sequences of HD5.A, HD5.B and
HPB-MLT (24) TCR « chain transcripts showed in-frame Va12.1 gene
rearrangements with different Jor gene segments (JA30, Q, and A). cDNA
sequences for HD5.A and HD5.B TCR « chain transcripts were gener-
ated by PCR using V12.1- and Cer-specific primers as described in Materials
and Methods.

of the o chain junctional regions of 6D6* T cell clones
HD5.A and HD5.B, and compared with the reported
HPB.MLT sequence (24). Each of the three 6D6* T cell
lines contained in-frame Vx12.1 rearrangements to distinct
Jox gene segments (Fig. 3 B). These results demonstrated that
mAb 6D6 specifically recognized the product encoded by the
human Vo12.1 gene segment.

Increased Frequency of Va12.1+ T Cells in the CD8*
Subset. Expression of the Va12.1 gene segment in the total
PBL varied from 1.4% to 4.5% of the CD3* lymphocytes
(X = 3.5%). When Va12.1 gene expression was analyzed
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among the CD4* or CD8* T cells by two-color staining
(an example is shown in Fig. 4 A), it was evident that most
individuals had a non-random distribution of this gene seg-
ment among the two subsets (Fig. 4 B). Analysis of the two
phenotypic subsets separately showed that approximately 80%
of individuals had a 1.5~ 3-fold higher frequency of Vex12.1
among CD8* T cells (x = 4.2%; range 1.4% to 7.2%)
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Figure 4. Two-color immunofluorescence analysis of 6D6 expression
on CD4* and CD8* T cells. (4) PBMC from adult and newborn were
stained with anti-CD4 (OKT4) or anti-CD8 (OKT8) (green fluorescence)
and antiVa12.1 (6D6) (red fluorescence) mAbs as described in Materials
and Methods. Lymphocytes were gated on the basis of forward and side
scatter profiles (not shown) and analyzed for fluorescence intensity in log
scale. Dot plots were divided into quadrants to represent unstained cells
(lower left, quadrant 3), cells stained with FITC alone (lower right, quad-
rant 4), cells stained with PE alone (upper left, quadrant 1), and cells that
double stained with FITC and PE (upper right, quadiunt 2). (B) The Va12.1
expression in CD4+ and CD8* T cells from adult and newborn PBL was
determined using data derived for individual blood samples stained as
in A. The expression of Vor12.1 in the CD4+* and CD8* subsets for each
individual are connected by a line. The following formula was used to
calculate the percentage value for 6D6 expression in CD4* or CD8*
T cells: % 6D6+/CD4+ (or CD8*) cells = (6D6* cells co-stained with
CD4 (or CD8) in PBMC (2nd quadrant)/% T cells that were CD4* (or
CD8*)) x 100.



compared to CD4* T cells (X = 2.7%; range 1.4% to
3.6%) (p = 0.0044) (Fig. 4 B, Adult). Only 20% of individ-
uals used Vor12.1 at similar frequency among CD4* and
CD8* T cells. This result indicated that T cell receptor Vo
gene usage in man is nonrandom.

This differential usage could have resulted either from de-
velopmental influences or from peripheral expansion as a con-
sequence of foreign antigenic challenges. To distinguish these
two possibilities, Va12.1 expression was examined in new-
born peripheral (umbilical cord) blood samples. Similar to
the results seen in adult peripheral blood, significantly higher
percentages of Var12.1 expression were seen in the CD8*
T cells of 10 newborns (p = 0.002) (Fig. 4 B, Newborn).
These data in the peripheral blood of newborns suggested
the skewing was not likely to be the result of peripheral anti-
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genic challenges and pointed instead to a developmental mech-
anism, possibly thymic selection.

Analysis of V@ Usage in Var12.1* T Cells by Quantitative
PCR. The preferential Va12.1 expression on CD8* T
cells was unexpected because essentially all known develop-
mentally determined differences in TCR V gene usage are
based on TCR V@3 expression and the presumed interaction
of this gene segment with selt-MHC or self-MHC antigen/su-
perantigen complexes (32). Therefore, it became important
to examine TCR Vf usage in cells expressing the Var12.1
gene product. For this analysis, we used the PCR with V3
specific oligonucleotides known to detect up to 90% of all
known human V3 genes. Such quantitative PCR techniques
may not determine the precise percentage of T cells bearing
the respective V genes (in-frame and out of frame sequences

VAl4
V8IS
V816
va17
V18
V19
vp20

Figure 5. V3 gene wusage in
Vai12.1* T cells analyzed by quantita-
tive PCR-hybridization. cDNA from
CD4+ and CD8* T cells expressing
the Val12.1 (6D6*) were used to
generate PCR products using V3 and
CB-specific primers, size fractionated,
and hybridized with an internal constant
region (CB) 2P-labeled probe (see
Materials and Methods). (4) An ex-
ample of a southern blot analysis of the
specific expression of V1, V32, V33,
VB4, VB5.1, VB5.2/3, VP6.1/2/3,
V37, V38, VB39, VB10, V1L, VB12,
V13.1, VB13.2, VP14, V15, V16,
V317, VP18, V19, and VP20 gene
segments in the 6Dé6-selected
(Va12.1%) CD4* and CD8* T cell
subsets as represented in autoradio-
graphic form. (B) Relative percentage
of expression of each V3 gene. The
amount of Vfspecific expression in
CD4* and CD8* cells was quanti-
tated by directly measuring the radio-
activity hybridized to each V[3-specific
PCR products by a blot analyzer (Be-
tascope 603; Betagen Corporation,
Waltham, MA). The data are presented
as percentages in a bar graph. The Y-axis
represents percent VB expression in
CD4* (solid bars) and CD8* (open
bars) in Va12.1+ (6D6-selected; upper
panel) and total (6D6-unselected; lower
panel) T cells. The percent V8 expres-
sion for each sample was calculated
using the following formula: %V =
Hybridization to VB-specific PCR prod-
ucts in cpm/Sum of all VBspecific
hybridizations in cpm) x 100.



are not distinguished for example), but such approaches are
known to be useful in approximating relative V gene usage
(29). Moreover, our own efforts to validate the procedure
by mixing mRNA from T cell lines of known V gene usage
revealed the expected proportions by PCR, at least for a sample
of 3 V3 genes analyzed (data not shown). In Var12.1* (6D6
selected) T cells, quantitative hybridization of VB-specific PCR
products revealed that the majority of the VB genes were
shared equally between the CD4+ and CD8* subsets (Fig.
5 A and 5 B, upper panel). No single V3 gene dominated
in its association with Va12.1. Importantly, the overall
similarity in V3 usage on V12.1 bearing CD4* and CD8*
T cells suggested that skewed V3 usage was not responsible
for the increased level of Va12.1 expression on CD8* T
cells. In addition, most of the VB genes that were studied
in the 6D6 selected (Vor12.1*) T cells were detected in
similar amounts in CD4* and CD8* T cell subsets that had
not been selected for Var12.1 expression (Fig. 5 B, 6D6 un-
selected; lower panel). Thus VB2, V37, V38 and V313 which
were the most prominently used V3 genes in the Va12.1
selected T cells were also prominently used in CD4* and
CD8* T cells not selected for Var12.1 expression (Fig. 5 B,
compare patterns in upper and lower panels). Moreover, the
least frequently used V3s (VB35, V310, VG311, VB16, VP17,
V318 and V[319) were also similar.

Some differences in V3 expression among the subgroups
were noted. For example, V37 and V313.1 which accounted
for 11% and 10.4% of the VB gene segments in the
Va12.1*/CD8* subgroup were used at relatively lower
levels in the Var12.1*/CD4* subset where they made up
7.5% and 5.3%, respectively (Fig. 5 B, upper panel). These
usage levels together accounted for about a 9% difference
between the two subsets. In fact, the sum of all differences
in VB frequency between the Val12.1*/CD8* and
Va12.1*/CD4* T cells was only 16%. This total difference
in V3 usage was substantially less than the 60% that would
have been required if skewed V3 usage was to account for
the 2.5-fold increase in Va12.1 expression in this individ-
ual’s CD8* T cells.

While the above analysis examined V@ expression on
Va12.1 selected CD4+ versus CD8+ T cells, we also com-
pared V3 expression in Var12.1 selected and unselected T cell
populations, we noted some evidence for preferential V)3 usage.
For instance, in the CD4* subset, V315 was present on ap-
proximately 11% of the Va12.1* T cells compared with
only approximately 3% of the T cell population not selected
for Va12.1 expression. In contrast, V313.1 was less frequently
used in Var12.1* T cells (Fig. 5 B, compare upper and lower
panels). Nevertheless, even in these few examples where V3
differences were seen between Var12.1 selected and unselected
T cell populations, the differences were apparent to a nearly
equal degree in both the CD4* and CD8* subsets, and
therefore would seem not to be a likely explanation for the
increased Va12.1 expression on CD8* T cells.

It is important to note that all of the V3s tested are capable
of association with Va12.1 and that no major VB product
dominated in association with the Va12.1 gene product. A
similar analysis of V{3 usage in newborn umbilical cord blood
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also showed no dominant V3 expression in association with
Val2.1 and no significant difference in VB usage by the
CD4* and CD8"* subsets (data not shown). Thus, one
cannot readily account for the significantly higher expres-
sion of Var12.1 on CD8* T cells based on VS skewing.

Discussion

Ever since early functional studies pointed to the require-
ment for self-restriction in T cell recognition of foreign an-
tigens, immunologists have tried to understand this phenom-
enon in molecular terms (33). The binding of antigen peptides
to MHC molecules has provided a molecular explanation for
corecognition of Ag/MHC by the TCR. (34-37), but the
way in which different components of the TCR contribute
to this Ag/MHC recognition has not been fully delineated.
TCR gene sequences and hypothetical modeling based on
immunoglobulin molecules suggest that the TCR V regions
(especially those regions corresponding to CDR1 and CDR2)
contact the MHC molecule, while the highly diverse V-(D)-J
junctional region (corresponding to CDR3) contacts anti-
genic peptides bound to the MHC molecule (3, 10). If these
assumptions are correct, it should be possible to correlate TCR
germline gene segment usage with Ag/MHC recognition.
In fact, several studies in mice have provided direct correla-
tions between TCR V[ gene segment usage and recogni-
tion of specific class Il MHC/Ag complexes, mostly in as-
sociation with the MIs antigens (38-41). However, the
molecular basis of self-MHC recognition by the TCR is likely
to be more complex than our current understanding which
emphasizes only TCR V@ gene products. The Vo encoded
regions also are likely to be important in Ag/MHC recogni-
tion as predicted by the molecular model.

With regard to the role of the TCR « chain, a few studies
have correlated Va usage with foreign peptide or hapten rec-
ognition (42-45). Surprisingly, no molecular evidence has
demonstrated a role for the Vo gene segment in the recogni-
tion of MHC or Ag/MHC complex. This is in part because
few Va-specific mAb have been available (46, 47). Moreover
in man, the greater number of germline gene segments, the
more polymorphic MHC, and the inability to control genetic
variation account for the fact that data measuring the actual
TCR o or 3 repertoire and its relation to MHC-linked rec-
ognition and selection are currently very limited.

This study analyzes the cell surface expression of the human
TCR Va12.1 gene product on CD4* versus CD8* T cells.
Using a Vo specific mAb, expression of the Va12.1 gene
segment was found to be significantly higher on CD8* T
cells in many of the individuals examined. Since CD8* T
cells in the periphery are class I MHC-restricted, the pre-
dominant expression of Va12.1 on CD8* T cells makes it
likely that the product encoded by this gene segment is used
preferentially on class I MHC-restricted T cells in man. Based
on our current understanding of MHC molecule expression,
it is likely that the class I MHC molecule is expressed on
the cell surface only in association with foreign or self-peptides
(36). Therefore, Va12.1 may be interacting directly with
MHC and/or with a peptide bound to it. While a precise



definition of what the Ve is interacting with in this case
is not known, the data are consistent with the likelihood that
Vai2.1 is playing a role on CD8* T cells in recognition of
class I MHC/Ag complex in vivo.

The increased expression of Vor12.1 in CD8* T cells was
apparent also in newborn samples, where environmental
influences on the TCR repertoire via antigenic challenge would
not yet have occurred. Thus it seems likely that the biased
Va12.1 usage results from developmental factors, rather than
environmental ones. At present, we cannot distinguish thymic
from extrathymic developmental influences, nor can we im-
plicate a particular mechanism of thymic selection. In general
(48), although not in every case (49), it has been suggested
that negative selection of self-reactive thymocytes results in
clonal deletion at the double positive (CD4*8*) stage of
differentiation, resulting in deletion of the progenitors of both
CD4* and CD8* mature T cells (50). In contrast, positive
selection has been suggested to result in the unequal distri-
bution of the TCR repertoire between the CD4* or CD8*
T cell subsets (7, 10, 51). However, the actual mechanisms
involved in thymocyte maturation are not well understood
and selection may influence the T cell receptor repertoire at
several intermediate stages during differentiation (52). We
find it attractive to hypothesize that positive selection in the
thymus plays a role in the preferential Va12.1 expression in
the CD8* T cells by expanding a subset of MHC class I-
restricted T cell precursors bearing Va:12.1. Nevertheless, the
data presented do not resolve the mechanism operating and
further studies are needed to understand more fully the basis
of biased V12 expression.

In order to confirm that the Va12.1 gene product was
directly responsible for this nonrandom usage, it was impor-
tant to consider the contribution made by the other TCR
elements. Data from two unrelated individuals expressing typi-
cally higher Va12.1 levels in the CD8* T cell subset
showed no substantial differences in VB usage between
CD4* and CD8* T cells. Furthermore, Jo gene usage in
Val2.1 rearrangements was examined by nucleotide se-
quencing of 150 distinct inframe Va12.1 transcripts. This
showed extensive diversity and no relative difference in Jo
usage on Vr12.1*/CD4* and Va12.1*/CD8* cells (data
not shown). These results indicated that expression of the
Va gene segment itself was the primary factor or element
responsible for the relatively higher Vor12.1 expression on
CD8* T cells, irrespective of concomitant Jor and V3 usage.
In mice, major VB mediated thymocyte deletions occur as
a result of Mls and class Il MHC corecognition. Thus, in
the murine system for some receptors the V3 segment domi-
nates in selection with the a chain being more passive. How-
ever in man, no striking VB deletions have been reported,
and we have found no major deletions among ten random
donors. Thus, Mls-like/MHC class II based mechanisms of
VP deletion may participate to a smaller extent in shaping
the receptor repertoire of mature human T cells. Our data
on the analysis of one Vo gene suggested that, at least in
humans, some receptors may be selected during development
with particular Vo products dominating in the selection
process.

We thank Janet W. Andersen for carrying out the statistical analyses, and Joanne McLean for her contribu-
tion in generating mAb 6D6. We also thank Dr. Steve Porcelli for critical review of this manuscript.

H. DerSimonian is supported by a postdoctoral fellowship from the NIH. M. B. Brenner is a Scholar
of the Leukemia Society of America. H. Band is a Leukemia Society of America Special Fellow and an
Arthritis Foundation Investigator. This work was also supported by grants from the NIH.

Address correspondence to Harout DerSimonian, Laboratory of Immunochemistry, Dana-Farber Cancer
Institute, 44 Binney St., Boston, MA 02115.

Received for publication 19 November 1990 and in revised form 4 April 1991.

References

1. Marrack, P., and J. Kappler. 1986. The antigen-specific major
histocompatibility complex-restricted receptor on T-cells. Adn.
Immunol. 38:1.

2. Lai, E., R.K. Wilson, and L.E. Hood. 1989. Physical maps
of the mouse and human immunoglobulin-like loci. Adw. Im-
munol. 46:1.

3. Davis, M.M., and P.J. Bjorkman. 1988. T-cell antigen receptor
genes and T-cell recognition. Nature (Lond.). 334:395.

4. Kappler, JW., N. Roehm, and P. Marrack. 1987. T-cell toler-
ance by clonal elimination in the thymus. Cell. 49:273.

5. Kisielow, P., H. Bliithmann, U.D. Staerz, M. Steinmetz, and

H. von Boehmer. 1988. Tolerance in T-cell-receptor transgenic
mice involves deletion of nonmature CD4*8* thymocytes.
Nature (Lond,). 333:742.

6. Kisielow, P., H.S. Teh, H. Bliithmann, and H. von Boehmer.
1988. Positive selection of antigen-specific T-cells in thymus
by restricting MHC molecules. Nature (Lond.). 335:730.

7. Sha, W.C., C.A. Nelson, R.D. Newberry, D.M. Kranz, J.H.
Russell, and DY. Loh. 1988. Positive and negative selection
of an antigen receptor on T-cells in transgenic mice. Nature
(Lond,). 336:73.

8. MacDonald, H.R., R.K. Lees, R. Schneider, R.M. Zinker-

646 Biased Vo Expression on Human T Cells



10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

nagel, and H. Hengartner. 1988. Positive selection of CD4*
thymocytes controlled by MHC class II gene products. Nature
(Lond.). 336:471.

. Swain, S.L. 1983. T-cell subsets and the recognition of MHC

class. Immunol. Rev. 74:129.

Chothia, C., D.R. Boswell, and A.M. Lesk. 1988. The out-
line structure of the T-cell a8 receptor. EMBO (Eur. Mol. Biol.
Organ.) J. 7:3745.

Blackman, M.A., JW. Kappler, and P. Marrack. 1988. T-cell
specificity and repertoire. Immunol. Rev. 101:5.

Matis, L.A. 1990. The Molecular basis of T-cell specificity.
Annu. Rev. Immunol. 8:65.

Brenner, M.B.,, J. McLean, H. Scheft, R.A. Warnke, N. Jones,
and J.L. Strominger. 1987. Characterization and expression
of the human & T-cell receptor by using a framework mono-
clonal antibody. J. Immunol. 138:1502.

Ledbetter, J.A., R.L. Evans, M. Lipinski, C. Cunningham-
Rundles, R.A. Good, and L.A. Herzenberg. 1981. Evolutionary
conservation of surface molecules that distinguish T lympho-
cyte helper/inducer and T cytotoxic/suppressor subpopulations
in mouse and man. J. Exp. Med. 153:310.

Spits, H., G. Keizer, J. Borst, C. Terhorst, A. Hekman, and
J.E. de Vries. 1983. Characterization of monoclonal antibodies
against cell surface molecules associated with cytotoxic avidity
of natural and activated killer cells and cloned CTL lines. Hy-
bridoma. 2:423.

Reinherz, E.L., PC. Kung, G. Goldstein, R.H. Levey, and S.F.
Schlossman. 1980. Discrete stages of human intrathymic
differentiation: analysis of normal thymocytes and leukemic
lymphoblasts of T-cell lineage. Proc. Natl. Acad. Sci. USA.
77:1588.

Weiss, A., and J.D. Stobo. 1984. Requirement for the coex-
pression of T3 and the T-cell antigen receptor on malignant
human T-cell line. J. Exp Med. 160:1284.

Kéhler, G., and C. Milstein. 1975. Continuous cultures of fused
cells secreting antibody of predefined specificity. Nature (Lond.).
256:495.

Yelton, D.E., C. Desaymard, and M.D. Scharff. 1981. Use of
monoclonal anti-mouse immunoglobulin to detect mouse an-
tibodies. Hybridoma. 1:5.

Parker, C.M., V. Groh, H. Band, S.A. Porcelli, C. Morita,
M. Fabbi, D. Glass, J.L. Strominger, and M.B. Brenner. 1990.
Evidence for extrathymic changes in the T-cell receptor /&
repertoire. J. Exp. Med. 171:1597.

Brenner, M.B,, J. McLean, D.P. Dialynas, J.L. Strominger, J.A.
Smith, FL. Owen, ].G. Seidman, S. Ip, F. Rosen, and M.S.
Krangel. 1986. Identification of a putative second T-cell receptor.
Nature (Lond.). 322:145.

Laemmli, UK. 1970. Cleavage of structural proteins during
the assembly of the head of the bacteriophage T4. Nature (Lond,).
227:680.

Wigler, M., R. Sweet, G.K. Sim, B. Wold, A. Pellicer, E. Lacy,
T. Maniatis, S. Silverstein, and R. Axel. 1979. Transformation
of mammalian cells with genes from procaryotes and eucaryotes,
Cell. 16:777.

Sim, G.K., J. Yagiie, J. Nelson, P. Marrack, E. Palmer, A. Au-
gustin, and J. Kappler. 1984. Primary structure of human T-cell
receptor o-chain. Nature (Lond.). 312:771.

Lehman, E.L. 1975. Non-Parametrics, Statistical Methods Based
on Ranks. Holden-Day, Inc. New York.

Chomczynski, P., and N. Sacchi. 1987. Single-step method
of RNA isolation by acid guanidinium thiocyanate-phenol-
chloroform extraction. Anal. Biochem. 162:156.

647

DerSimonian et al.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

41.

42.

43.

44.

Sanger, F., S. Nicklen, and A.R. Coulson. 1977. DNA se-
quencing with chain-terminating inhibitors. Proc. Natl. Acad.
Sci. USA. 74:5463.

Kimura, N., B. Toyonaga, Y. Yoshikai, R.-P. Du, and TW.
Mak. 1987. Sequences and repertoire of the human T-cell
receptor o and (3 chain variable region genes in thymocytes.
Eur. J. Immunol. 17:375.

Choi, Y., B. Kotzin, L. Herron, J. Callahan, P. Marrack, and
J. Kappler. 1989. Interaction of Staphylococcus aureus toxin “su-
perantigens” with human T-cells. Proc. Natl. Acad. Sci. USA.
86:8941.

Alarcon, B., B. Berkhout, J. Breitmeyer, and C. Terhorst. 1988.
Assembly of the human Tcell receptor-CD3 complex takes
place in the endoplasmic reticulum and involves intermediary
complexes between the CD3-y.8.€ core and single T-cell
receptor @ or § chains. J. Biol. Chem. 263:2953.

Toyonaga, B., and TW. Mak. 1987. Genes of the T-cell an-
tigen receptor in normal and malignant T-cells. Annu. Rev. Im-
munol. 5:585,

Marrack, P., and J. Kappler. 1988. The T-cell repertoire for
antigen and MHC. Immunol. Today. 9:308.

Zinkernagel, R.M., and P.C. Doherty. 1979. MHC-restricted
cytotoxic T-cells: Studies on the biological role of polymorphic
major transplantation antigens determining T-cell restriction
specificity, function and responsiveness. Ady. Immunol. 27:52.
Babbitt, B.P.,, P.M. Allen, G. Matsueda, E. Haber, and E.R.
Unanue. 1985. Binding of immunogenic peptides to Ia
histocompatibility molecules. Nature (Lond.). 317:359.

Buus, S., S. Colon, C. Smith, J.H. Freed, C. Miles, and H.M.
Grey. 1986. Interaction between a “processed” ovalbumin pep-
tide and Ia molecules. Proc. Natl. Acad. Sci. USA. 83:3968.
Townsend, A., C. Ohlén, J. Bastin, H.-G. Ljunggren, L. Foster,
and K. Kiirre. 1989. Association of class I major histocompati-
bility heavy and light chains induced by viral peptides. Nature
(Lond,). 340:443. :
Bjorkman, P.J., M.A. Saper, B. Samraoui, W.S. Bennett, J.L.
Strominger, and D.C. Wiley. 1987. Structure of the human
class I histocompatibility antigen, HLA-A2. Nature (Lond.).
329:506.

Kappler, JW., T. Wade, J. White, E. Kushnir, M. Blackman,
J. Bill, N. Roehm, and P. Marrack. 1987. A T-cell receptor
VB segment that imparts reactivity to a class II major histocom-
patibility complex product. Cell. 49:263.

MacDonald, H.R., R. Schneider, R.K. Lees, R.C. Howe, H.
Acha-Orbea, H. Festenstein, R.M. Zinkernagel, and H. Hen-
gartner. 1988. T-cell receptor V3 use predicts reactivity and
tolerance to Mls*-encoded antigens. Nature (Lond.). 332:40.

. Abe, R., M.S. Vacchio, B. Fox, and R.J. Hodes. 1988. Preferen-

tial expression of the T-cell receptor V33 gene by MIs® reac-
tive T cells. Nature (Lond,). 335:827.

Marrack, P., D. Lo, R. Brinster, R. Palmiter, L. Burkly, R.H.
Flavell, and J. Kappler. 1988. The effect of the thymus envi-
ronment on T-cell development and tolerance. Cell. 53:627.
Winoto, A., J.L. Urban, N.C. Lan, J. Goverman, L. Hood,
and D. Hansburg. 1986. Predominant use of a Vo gene seg-
ment in mouse T-cell receptors for cytochrome c. Nature (Lond.).
324:679.

Sorger, $.B., S.M. Hedrick, PJ. Fink, M.A. Bookman, L.A.
Matis. 1987. Generation of diversity in the T-cell receptor reper-
toire specific for pigeon cytochrome c. J. Exp. Med. 165:279.
Tan, K.-N., B.M. Datlof, J.A. Gilmore, A.C. Kronman, J.H.
Lee, A.M. Maxam, and A. Rao. 1988. The T-cell receptor Vo3
gene segment is associated with reactivity to p-azobenzene-



45,

46.

47.

48.

arsonate. Cell. 54:247.

Lai, M.Z., SY. Huang, T.]. Brinner, ].G. Guillet, J.A. Smith,
and M.L. Gefter. 1988. T-cell receptor gene usage in the re-
sponse to A repressor I protein. An apparent bias in the usage
of a V o gene element. J. Exp. Med. 168:1081.
Utsunomiya, Y., J. Bill, E. Palmer, K. Gollob, Y. Takagaki,
and O. Kanagawa. 1989. Analysis of a monoclonal rat anti-
body directed to the cr-chain variable region (Var3) of the mouse
T-cell antigen receptor. J. Immunol. 143:2602.

Jameson, S.C., J. Kaye, and N.R.J. Gascoigne. 1990. A T-cell
receptor Ve region selectively expressed in CD4* cells. J. Im-
munol. 145:1324,

Schwartz, R.H. 1989. Acquisition of immunologic self-
tolerance. Cell. 57:1073.

648

49.

50.

51.

52.

Guidos, C.J., ].S. Danska, C.G. Fathman, and I.L. Weissman.
1990. T cell receptor-mediated negative selection of autoreac-
tive T lymphocyte precursors occurs after commitment to the
CD4 or CD8 lineages. J. Exp. Med. 173:835.

Fowlkes, B.J., R.H. Schwartz, and D.M. Pardoll. 1988. Dele-
tion of self-reactive thymocytes occurs at a CD4*8* precursor
stage. Nature (Lond.). 334:620.

Berg, L.J., A.M. Pullen, B. Fazekas de St. Groth, D. Mathis,
C. Benoist, and M.M. Davis. 1989. Antigen/ MHC-specific
T-cells are preferentially exported from the thymus in the pres-
ence of their MHC ligand. Cell. 58:1035.

Nikolic-Zugic, J. 1991. Phenotypic and functional stages in the
intrathymic development of o8 T-cells. Immunol. Today. 12:65.

Biased Vo Expression on Human T Cells



