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HLA-DRa,B,*1501 (and the closely related DRa,8,*1502) heterodimers are the primary class 1} MHC restriction
elements controlling T cell responses to a ragweed pollen allergen, Amb a 5 (M, = 5000). Using a novel, quan-
titative, competitive PCR (QC-PCR) assay and a TCR B-gene internal standard (IS), we have examined the TCR
B-gene use in Amb a 5-specific T cells. Multiple TCR VB (and Va) genes were found in polyclonal T cell lines from
two unrelated subjects, and 30% of the cells were stained positive for V35.2/5.3 as judged by a flow cytometry
analysis. An Amb a 5-specific Th2 clone (AP1.2) was found to express V5.2 (and Va8) and to have a unique V-D-]
junctional region sequence. To determine the relative frequency of clone AP1.2 B-gene expression in the poly-
clonal T cell lines and in the PBMC using a QC-PCR assay, we first created a TCR 1S by duplicating the J31.5 gene
segment of the AP1.2 B-gene. A QC-PCR assay was performed using the modified AP1.2 B-gene as a competitor
and a V5.2 or a DB-specific primer, each paired with a C8 primer. Results showed the presence of 30% of AP1.2
B transcripts in the polyclonal T cell lines, but no detectable amplified products were found in the total RNAs (200
ng) of autologous PBMC. These findings were confirmed by sequencing independent clones of PCR-amplified
VB5.2-CB fragments (from two unrelated subjects) from each cell line, which suggested that the frequency of the

clone AP1.2 B sequence is quite low in the PBMC but is dominant in polyclonal Amb a 5-specific cell lines.  The
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mature CD4™ T cell, through its clonally derived
A TCR, recognizes a peptide fragment of an Ag

only in the context of an MHC class II molecule
(in humans, HLA-DR, -DQ, or -DP). The TCR responsible
for this “dual recognition” is composed of two subunits, o
and B3, each generated by somatic rearrangement of mul-
tiple gene segments (VaJaCa and VBDBIBCP, respec-
tively) (1). The rearrangement patterns are unigue and are
consistent for the life of the cell and its clonal descendants.
The hypervariable regions of the a- and S-chains are en-
coded within and between the junctional regions of both
VI and VDIJ gene segments, respectively. These third
complementarity-determining regions (CDR3s)* confer
the MHC/Ag peptide specificity (2, 3). The PCR has been
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used in the analysis of TCR V gene use, and several stud-
ies of the TCR B-gene repertoire in humans have demon-
strated a restricted expression of the Vf3-gene family in
both normal and diseased states (4—8). In these studies,
the TCR V gene use was assessed using a large panel of
primers specific for each of the V gene segments (4-6);
also, a CB-CB reference template has been used in a
“guantitative” PCR method to enumerate the relative fre-
quency of TCR V gene expression in the cells (9). How-
ever, variability in the amplification efficiency of particu-
lar primers introduces uncertainty into the quantitation
process, and the method is at present incapable of evalu-
ating the CDR3 sequences directly.

Human T cells and Th2 cytokines are important in the
regulation of IgE synthesis and have been implicated in
the pathogenesis of a variety of human atopic diseases,
including asthma (10, 11). Previously, we have studied the
responses of T cells to a well characterized, short, ragweed
allergen, Amb a 5, and demonstrated that the HLA-
DRa,B*1501 (and the closely related DRa,B,*1502)
heterodimers are the class II MHC restriction elements

¢ Abbreviations used in this paper: COR3, third complementarity-determining
region; QC-PCR, quantitative, competitive-PCR; RT-PCR, reverse transcrip-
tion-PCR; 1S, internal standard.
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controlling T cell responses to Amb a 5 (12). Using re-
verse transcription-PCR (RT-PCR) and quantitative, com-
petitive PCR (QC-PCR) assays for cytokines, we have also
demonstrated that the responses of T cells to Amb a 5
belong to the Th2 phenotype, and Amb a 5-specific T cells
are able to induce specific IgE synthesis in vitro (13). In
this report, we have analyzed the TCR $-gene uses in Amb
a 5-specific T cells and demonstrated a novel quantitative
analysis of an allergen-specific TCR B-gene sequence. We
have created a cRNA standard by duplicating the JB re-
gion gene sequence of an Amb a 5-specific Th2-cell clone
(AP1.2), followed by in vitro transcription. This modified
gene segment was used to analyze directly the expression
of Ag-specific CDR3 sequences, and the standard cRNA
was coamplified with the analyzed template in the same
reaction tube using a single pair of primers. This quanti-
tative PCR was performed to analyze the relative repre-
sentation of AP1.2 B-gene sequence in polyclonal T cell
lines and in autologous PBMC.

Materials and Methods
Ag and preparation of cells

Amb a 5 (M, = 5000) was purified from short ragweed pollen as de-
scribed previously (14). The Amb a 5-specific T cell line (APL) and
clone AP1.2 were derived from the PBMC of an Amb a 5-positive, rag-
weed-allergic, asthmatic individual (AP; African American) after peri-
odic Amb a 5 and rlL-2 stimulation and by the limiting dilution cloning
method as described (12). An Amb a 5-specific T cell line (DSL) was
isolated from an additional Amb a 5-positive, ragweed-allergic, asthmatic
subject (DS; Caucasian), following the same protocol. The responses of
both cell lines and clone AP1.2 were specific for Amb a 5 and were
restricted by DRa,3*1501, the class 11 specificity shared by both cell
donors (12, 15). The bronchoalveolar lavage cells of an asthmatic patient
(#617) who is ragweed-allergic, but shows no serum Abs to Amb a 5,
were included for comparison.

Preparation of RNA from cells

Total RNAs were prepared from various cell cultures stimulated with Ag
(3 pg/ml) in vitro in the presence of irradiated autologous PBMC for 14
days. At this time, only T cells could be detected in the cultures of either
T cell lines or clone AP1.2 as judged by flow cytometry analysis of
anti-CD3 mAb-stained cells. RNAs were isolated from the cells by
RNazol® (Tel-Test Inc., TX) containing guanidinium isothiocyanate as
described (16). The RNA was quantitated by spectrophotometry, and the
integrity of the RNA sample was assessed by running an aliquot of the
RNA (usually 0.5-1 ug) on a 2% agarose gel containing ethidium bro-
mide and by observing the 28S and 18S of ribosomal RNA bands; also,
RT-PCR analyses of a housekeeping gene, B-actin, were performed on
each sample as controls (17).

PCR amplification of TCR genes

To determine the specific TCR V gene uses and sequences, the PCR
technique was used to amplify the o and 8 cDNA (VaJaCa and
VBDBIBCR, respectively) of the T cell lines, APL and DSL, and clone
AP1.2. The protocol for RT and PCR was the same as described (18). An
aliquot of total cellular RNA (200 ng or otherwise indicated) was reverse-
transcribed to ¢cDNA in the presence of avian myeloblastosis virus re-
verse transcriptase (2.5 U/ul), 1 mM each dNTPs (dATP, dCTP, dGTP,
and dTTP), RNase inhibitor (1 U/ul), oligo(dT), (2.5 uM), 10X PCR
buffer (500 mM KCI, 100 mM Tris-HCL; pH 8.3), and MgCl, (5 mM) to
a total volume of 20 ul. The RT-mix was incubated at 42°C for 20 min
(conducted in the Perkin-Elmer-Cetus thermocycler; Perkin-Elmer Cetus,
Norwalk, CT) for RT, followed by 99°C for 5 min to inactivate the
reverse transcriptase. An aliquot of the RT product was directly subjected
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to PCR in the presence of a “master mix” containing PCR buffer, MgCl,
(final concentration, 2 mM), dNTPs (final concentration, 0.4 mM each),
AmpliTaq polymerase (Perkin-Elmer-Cetus; 1 U/50 ul reaction), and
paired primers for TCR genes (0.5 wM each primer) to a total volume of
50 ul. The TCR gene-specific primers were synthesized based on the
published sequences (18) at the Johns Hopkins DNA Synthesis Labora-
tory. The RT product was amplified sequentially with two CB and Cu
oligoprimers and each of the VB1-20 (including V5.1 and VB5.2/5.3)
and Val-18 primers, respectively.

PCR was conducted for 45 cycles or otherwise indicated under the
following conditions: denaturation at 95°C for 1 min, annealing at 55°C
for 1 min, and extension at 72°C for 1 min. Final extension was at 72°C
for 10 min. The reaction product was visualized on 3% agarose (2%
Nusieve GTG, FMC, Rockland, ME; and 1% agarose, Sigma Chemical
Co., St. Louis, MO) electrophoresis in 1X tris borate-EDTA buffer con-
taining 0.5 ug/ml ethidium bromide. As a negative control, an aliquot of
each RNA sample was subjected to PCR amplification without the RT
step. Verification of the specificity of amplification was established by
Southern blotting using an internal CB or Ca probe or by sequencing
using Sequenase and dideoxy chain termination (see below).

Flow cytometry analysis

Amb a 5-specific T cell lines and PBMC were isolated from the cultures,
suspended in PBS/1% heat-inactivated FCS, and incubated with mouse anti-
human TCR VB5.2/5.3 (mAb 1C1, T Cell Diagnostic, Cambridge, MA)
followed by staining with fluorescein-conjugated goat anti-mouse Ab (Bec-
ton Dickinson, Mountain View, CA). Samples were extensively washed and
analyzed on a Coulter Epics Profile Analyzer (Coulter, Hialeah, FL).

Quantitative, competitive PCR analysis of Amb a
V-specific TCR genes

Similar to our studies of human cytokine-gene expression using QC-PCR
assay and internal standards (IS} for cytokines (17), we have constructed
an IS for the analysis of Amb a 5-specific TCR gene expression. In this
procedure, we first ligated the PCR-amplified TCR Vf35.2-Cf fragments
(with BamHI sites at both ends) of clone AP1.2 with a BamHI-treated
pSP64-poly(A) vector (Promega, Madison, WI). The native AP1.2
B-gene contains a Cspl site in the D region. This site was cleaved with
Cspl, treated with alkaline phosphatase, and then ligated with the AP1.2
TCR JB fragment. The resultant 52-bp longer fragment served as the
B-gene cRNA IS.

After purification, the plasmids were linearized using EcoRI and were
transcribed in vitro to ¢cRNA using SP6 polymerase according to the
manufacturer’s protocol (Promega). After amplification, the products of
the competitor and wild-type B-genes can be differentiated on the agarose
gel by their different fragment sizes. In our initial experiments, we op-
timized the conditions for this QC-PCR assay to determine the linearity,
reproducibility, and range of exponential amplification of the assay (17).
We chose 45 cycles of amplification to ensure that the PCR products
were detectable either by incorporating radioactivity or by scanning
ethidium bromide-containing gels (see below). The exponential phase of
amplification for the IS was below 107° pg of the input IS cRNASs under
this condition.

To determine the relative representation of AP1.2 TCR B-gene ex-
pression, varying amounts of the IS cRNAs were mixed with 200 ng of
total RNAs from various cell cultures and were subjected to RT and PCR
in the presence of a Cf and a VB or a D@ primer. The amplified products
were then separated on agarose gel containing ethidium bromide, the
intensities of the amplified fragments were scanned on a flat-bed scanner
(Molecular Dynamics, Sunnyvale, CA), and the digital data were ana-
lyzed with the aid of the computer software provided, as described pre-
viously (19, 20). The two-dimensional band was compressed to a one-
dimensional plot (plot profile option) by averaging the horizontal pixels
across a band, and the background was subtracted. The intensities of each
band were plotted against varying amounts of input cCRNAs. At the ex-
ponential phase of amplification, the quantity of the test sample was
determined by calculating the ratio of the intensities between the standard
and template and by extrapolating from a linear regression curve.
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Table I. TcR a- and B-gene usages in Amb a 5-specific T cell
lines detected by RT-PCR

Line Specificity Va Vg

APL  Amb a 5/DRa,g8*1501 2,5,8 5.2,9,10, 11,12,
14,16, 17, 18

DSL  Amb a 5/DRa,f*1501 2,5,8 52, — — 11,12,
14, 16, 17, 18

MAb IC1

control {(anti-V[35.2/5.3)

PBMCs

Fluorescence Intensity

FIGURE 1. Surface expression of TCR Vg5.2/5.3. isolated
cells were suspended in PBS/1% heat-inactivated FCS and
were incubated with mouse anti-human TCR Vf£5.2/5.3
(mAb 1C1), followed by staining with fluoresceinated goat
anti-mouse 18G Ab.

M13 and “TA” cloning and dideoxy-sequencing

About 10% of the amplified product was allowed to incubate for 2 h at
37°C with 40 U of an appropriate enzyme (e.g., BamHI). Digesied DNA
was electroeluted and purified. The digested DNA was then ligated into
the M13 mp10 vector for 16 h at 15°C in the presence of T4 ligase.
Recombinant vectors were transfected into the Escherichia coli host
strain, JM103. The single-stranded phage DNAs containing the insert
were isolated and sequenced by the dideoxy primer extension method
using the Sequenase kit, as suggested by the manufacturer (United States
Biochemical, Cleveland, OH). In some cases, the PCR-amplified prod-
ucts were cloned directly into a “TA” vector according to the manufac-
torer’s instructions {Invitrogen, San Diego, CA). The PCR-amplified
products from clone AP1.2 were sequenced directly using the Applied
Biosystem DNA Sequencer.

Results

Using the RT-PCR technique, we first analyzed the ex-
pression of TCR genes from two polyclonal Amb a 5-spe-
cific T cell lines (APL and DSL) of two atopic subjects.
RNAs from the pooled human PBMC were used as a pos-
itive control for each paired VB-C or Va-Ca primers.
Table I summarizes the data from experiments using
RNAs isolated from the cells. Although specific amplifi-
cation for the pooled PMBCs samples was obtained for
each primer pair, a set of nine VB and three Va-genes was
found in a polyclonal T cell line (APL) of patient AP. A
similar profile of TCR «- and B-gene use (including
VB5.2/5.3) was also found in an additional Amb a S-spe-
cific T cell line (DSL) of patient DS, except that the VB9
and V10 genes were not found in this cell line in three
independent experiments. However, VB9-CB- and V39-
CpB-amplified fragments could be found in the PBMC of
subject DS. This finding suggests some variation in the
Ag-specific T cell repertoire in the two study subjects.
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(A) Clone AP1.2
Dp
VB5.2 —CCCCTTGTGGGCGGACCGAAT — JP1.5 — CP1—
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FIGURE 2. (A) Junctional sequences of TCR a- and
B-genes of an Amb a 5-specific T cell clone, AP1.2. The am-
plified AP1.2 gene segments were electroeluted from the gel
and sequenced using an internal C or V region oligoprimer.
The sequencing results (accession number 138449) have
been reproduced in five independent experiments using
RNAs isolated from cells on different occasions; (B) cloning
of AP1.2 TCR g-gene fragment into pSP64-polyA vector; see
Materials and Methods for detailed methodology.

Flow cytometry analysis of the AP line with MAb 1C1
demonstrated that 30% of the cells in the AP line express
VB5.2/5.3 (Fig. 1). Sequencing of the amplified fragments
showed only V5.2 gene sequences identical to those al-
ready published (see below) (8, 21).

Clone AP1.2 was one of the first generated from the
APL cells (12). It is restricted by DRa,3,*1501, expresses
a Th2-cytokine profile, and is able to induce Amb a S-spe-
cific IgE synthesis (13). In a total of five independent RT-
PCR experiments, analysis of the TCR gene use showed
that clone AP1.2 expresses Va8 and V5.2 genes (Fig.
2A) and is also stained positive for MAb 1C1 (data not
shown). Analysis of the sequences of the amplified TCR
o- and B-gene fragments from clone AP1.2, using either
internal C or V region oligoprimers, showed that clone
AP1.2 has unique CDR3 sequences in both TCR a- and
B-genes (Fig. 24).

Because of the low frequency of Amb a 5-specific T
cells in the peripheral blood of subjects (12), the repre-
sentation of the AP1.2 SB-gene in the PBMC and a poly-
clonal Amb a 5-specific T cell line of patient AP was an-
alyzed. For this purpose, we designed a QC-PCR assay to
analyze directly the AP1.2-specific sequence in the cells.
We created a cRNA standard by duplicating the JB region
gene sequence of the TCR B-gene in clone AP1.2. Figure
2B schematically illustrates our strategy, and detailed
methodology is described in Materials and Methods. This
modified gene segment served as a competitor in the QC-
PCR assay. Results from a representative RT-PCR analy-
sis using a D region primer (ADB) paired with a CS
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(A)
FIGURE 3. (A) RT-PCR amplifications
of a series of four threefold dilutions of
RNAs from either the modified AP1.2

RTase
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gene (with a duplication of the JB region
segment; the 1S) or clone AP1.2 using the
AP1.2 DB region-specific primer, ADB,
and a CB primer; the RT-PCR step for the
IS was also performed either with or
without the reverse transcriptase (RTase)
and in the presence of the VB5.2 and C3
primers; (B) competitive PCR analysis of
AP1.2 TCR B-genes. A series of five 10- (B)
fold dilutions (starting from 10 pg; inset, 3
lanes 1-5; M, A phage Haelll-DNA size
marker) of the IS cRNAs were each mixed
with 200 ng of RNAs from clone AP1.2
and were subjected to RT and PCR in the
presence of a CB and a DB (ADB) primer.
The amplified products were then sepa-
rated by electrophoresis on an agarose
gel containing ethidium bromide, and
the intensities of the amplified fragments

Ratio of intensity

were scanned on a flat-bed scanner and J
the digital data were analyzed with the 0
aid of ImageQuan software.

primer are shown in Figure 3A. First, analysis of the IS
without the addition of the reverse transcriptase showed no
amplified products, demonstrating no plasmid contamina-
tion. Second, specific amplification of a 279-bp fragment
was observed when using V5.2 and CB primers. Third,
using the D region primer for the PCR, a larger amplified
fragment (227 bp) from the IS can be seen on an agarose
gel when compared with the product (175 bp) amplified
from the wild-type template.

To optimize the QC-PCR assay, we investigated the lin-
earity, reproducibility, and range of exponential amplification
of the assay (17). A series of five 10-fold dilutions of IS
cRNAs (starting from 10 pg) were mixed with varying
amounts (ranging from 50 to 1 ug) of clone AP1.2 RNA and
were subjected to RT-PCR at varying cycle numbers in the
presence of either a VB5.2 or an AP1.2 Df-specific primer
(ADB), each paired with a CB primer. The intensities of the
amplified products were measured by densitometry, and the
ratios of the relative intensities (IS/AP1.2; corrected for dif-
ferent m.w.) were plotted against varying amounts of input IS
CRNA:s. Figure 3B shows representative results under opti-
mal conditions. A linear competitive amplification (45 cy-
cles) was obtained from analysis of IS cRNA mixed with 100
ng of clone AP1.2 RNA. Similar results were also obtained
when a QC-PCR assay was performed using a V5.2 and a
Cp primer.

Using the AP1.2 IS as a competitor and using the QC-
PCR assay, the relative levels of expression of the AP1.2
sequence in autologous PBMC and a T cell line, APL,

ADB
227 b vD|JC
p_[volific]

C-primer
-
175 bp

ADB- CB
)
M| 11 213]4aTls
—
“gg oo
T T T T T 1
3 =2 -1 0 1
TcR IS cRNA, log pg
1.5+
PBMC u .
o]
B 1.254
z ] APL
= o
E w0
=]
2
g Calculation:_
0.75 \ APL__ 0009 | 100%
AP1L2 0.3
AP1.2 0%
0.5

T T T T T 1

-3 -2 -1 0 1
TcR IS cRNA, log pg

FIGURE 4. Competitive PCR analysis of AP1.2 TCR B-genes
in the PBMC and a polyclonal T cell line, APL. Varying amounts
of the IS cRNAs were mixed with 200 ng of total RNAs from cell
cultures and were subjected to RT and PCR in the presence of
CB and DB primers. The amplified products were then sepa-
rated on an agarose gel; the intensities of the amplified frag-
ments were scanned, and the digital data were analyzed.

were analyzed. We varied the amount of IS by serial 10-
fold dilutions starting from 10 pg, keeping the total RNA
from the cells constant (200 ng). A linear relationship be-
tween the input target template and output densitometric
readings of the amplified products was obtained for anal-
ysis of cells from APL line and clone AP1.2, and the linear
regression curves for both samples were parallel (Fig. 4);
but, the RT-PCR products of PBMC reached saturation
level when the input of the IS was over 10™® ug. When the
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Table Il. Amino acid sequences derived from sequencing of PCR-amplified fragments
Vgs.2 DB 18 B

AP1.2 --SALYLCASS PLVGGPN QPQHFGDGTRLSIL (1.5) EDLNKVFPP-- Cf1
APL (9/11) --SALYLCASS PLVGGPN QPQHFGDGTRLSIL (1.5) EDLNKVFPP-- Cf31
APL (2/11) --SALYLCASS PLVGGPN QPQRFGDGTRLSIL EDLNKVFPP-- Cf1
DSL (7/13) --SALYLCASS PLVGGPN QPOQHFGDGTRLSIL (1.5) EDLNKVFPP-- Cf1
6177 (2/3) --SALYLCASS YGQAS TDTQYFGLGTRLTVL (2.3) EDLKNVFPP-- Cf32
6177 (1/3) --SALYLCASS YVNRP AQ --

2 From lung lavage cells of an asthmatic, Amb a 5-negative patient after short ragweed allergen chailenge.

ratios in the samples equaled 1, the amount of AP1.2
B-gene transcript was at least three logs higher in clone
AP1.2 than in the PBMC, and 30% of AP1.2 (3 transcripts
were found in the polyclonal T cell line (APL). Further-
more, when a V35.2 upstream primer was used instead of
a D primer, 30% of the transcripts of the APL line were
AP1.2 B-genes (data not shown). These results suggest
that the frequency of AP1.2-like cells is low in the PBMC
but is dominant in a polyclonal cell line. Similar results
were obtained from the measurement of the ratio of the
radioactivities (cpm) of each amplified fragments when a
trace amount of [*?P]dCTP was included in the assay. We
also analyzed the Amb a 5-specific, DRa,31*1501-re-
stricted T cell line from a ragweed allergic subject, DS.
The ADB-specific sequence was also found in this cell
line, as confirmed by sequencing of the amplified V-C
fragment (see below).

To confirm the data from competitive PCR analysis, the
PCR-amplified VB5.2-CS fragments from clone AP1.2
and two T cell lines (APL and DSL) were cloned and
sequenced. In paraliel experiments, we also cloned V-
5.2-CP fragments from bronchoalveolar lavage cells of an
asthmatic patient (#617; who is ragweed-allergic but has
no serum Abs to Amb a 5) after challenge with ragweed
allergen extract as control. Results show that out of 11
clones sequenced from the APL line, 9 clones showed
identical AP1.2 B-gene sequences, including the CDR3
region (Table I). Similarly, in the DSL line, 7 out of 13
clones were found to have the identical sequence. Fur-
thermore, cloning and sequencing of three amplified
VB5.2-CB fragments of a control sample, #617, showed
unique DS and Jf3 sequences. Taken together, these results
suggest that the AP1.2 3-gene sequence is a major 3-gene
component in a polyclonal Amb a 5-specific T cell line.
These data are not only consistent with our PCR results
but also suggest that the majority of the V5.2 sequences
are identical to those of clone AP1.2.

Discussion

We have demonstrated the use of a competitive template to
quantitate Ag-specific TCR B-gene sequences in two poly-
clonal T cell lines and in PBMC. These results suggest that a
great diversity of Amb a S-specific TCR gene use exists in
polyclonal T cell lines of two atopic subjects having DR2.2
phenotypes. However, the use of clone AP1.2 B-gene is dom-

inant, and the AP1.2 B-gene sequence is also seen in an ad-
ditional T cell line from an unrelated allergic patient. A great
diversity of TCR gene uses in Ag-specific T cells that share
the same Ag/MHC specificity has been observed (22), and a
highly nonrandom occurrence of particular amino acid resi-
dues in the CDR3 region has also been found (23). In our
study of the V8 sequences in the Amb a 5-specific cell lines,
however, no apparent similarity could be identified between
each of the VB-amplified fragments. It is not clear whether
similar or identical sequences can be found in the junctional
regions of the Va-genes. Work is in progress to examine this
issue.

It is of interest, however, that a dominant and identical
Amb a 5-specific TCR VB sequence can be found in two
unrelated subjects of different race, suggesting a strong se-
quence selectivity in the responses of T cells to Amb a 5. It
will be of interest to examine whether other Amb a 5-sensi-
tive, DR2™ subjects show similar dominant and identical
TCR B gene sequences. As a coroliary, several studies have
demonstrated identical TCR V8 sequences in the PBMC and
brain tissues of patients with multiple sclerosis (5, 24-26). Of
interest, the uses of both V5.2 and Va8 appear to be over-
represented. In our study, the finding that Amb a 5-specific T
cells share similar V gene uses, although they differ in their
CDR3 region sequences, may reflect the same DR2 restric-
tion specificity as those of myelin basic protein-specific T
cells in patients with multiple sclerosis (24).

Current techniques assessing TCR V gene use and se-
quence use a large panel of VB and Vo primers, and each,
together with a C region primer (4—6) or “anchored-PCR”
(27) and “inverse-PCR” (6), have been used in a variety of
experimental situations and disease states. More recently,
Choi et al. (9) have used a CB-Cp reference template in a
“quantitative” PCR method to enumerate the relative fre-
quency of TCR V gene expression in cells or tissues. These
methods, although informative, require subsequent multiple
cloning and sequencing of each sample in each experiment.
Furthermore, variability in the efficiency of particular primers
introduces uncertainty into the quantitation process, and the
methods are unable to evaluate the CDR3 sequences directly.
We (17) and others (28, 29) have previously developed a
QC-PCR assay, in which an exogenous cytokine RNA stan-
dard is amplified with the analyzed template in the same re-
action tube using one pair of primers. Our study shows that a
similar competitive PCR assay can be used in analysis of
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specific TCR gene expression. We demonstrate that the PCR
amplification is linear and reproducible. After the products
are subjected to gel electrophoresis, a numerical value for the
PCR products can be obtained either by densitometry of the
bands or by scintillation counting of incorporated [**P]dCTP
of the excised bands. Our data suggest that the tech-
nique of quantitative PCR, using a competitive template
as the IS, can provide an efficient tool to measure TCR
gene expression without the need to use multiple clon-
ing and sequencing steps.

Selective CD4™ Th2 cell infiltration has been demon-
strated in the skin and lung after allergen challenge (10, 11).
It is, however, unclear whether the specific T cells are acti-
vated in situ by allergen, and the clonality of specific T cells
in the lesion or the allergen-challenged sites remains to be
determined. We believe that quantitative PCR amplification
of allergen-specific TCR sequences will provide an important
tool to study the aliergen-specific T cells in this situation. In
addition, various inflammatory lesions associated with mul-
tiple sclerosis, rheumatoid arthritis, and atopic and other dis-
eases could potentially be studied in this manner.
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