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TCR REPERTOIRE IN PEPTIDE-STIMULATED PBLs AND TILs

Table | TCR V/D/J/C region usage in predominant TIL and PBL subfamily clonotypes

Analysis of the three patients TCR V/D/J/C region by the predominant TIL and PBL
subfamily clonotypes.

Predominant TCR V/D/J/C usage No. of clones”

Patient 1 (TIL)
BV6S1/BD2S1/BJ2S7/CB2
BV6S3/BD2S1/BJ2S1/CB2
BV6S3/BD2S1/BJ2S5/CB2
BV6S4/BD1S1/BJ1S6/CBI
BV6S7/BD2S1/BJ2S3/CB2
BV6S14/BD2S1/BJ2SS5/CB2
Total

Patient 1 (PBL)
BV2S1/BDISI/BJISI/CBI
BV2S1/BDISI/BJ2S1/CB2
BV2S1/BDISI/BJ2S1/CB2?
BV2S1/BDIS1/BJ2S1/CB2”
BV2S1/BD2S1/BJ2S1/CB2”
BV2S1/BD2S1/BJ2S1/CB2"
BV2S1/BD2S1/BJ2S2/CB2
BV2S1/BD2S1/BJ2S7/CB2
BV2S1/BD2S1/BJ2S7/CB2"
Total

Patient 2 (TIL)
BV4S1/BD2S1/BJ2S1/CB2
BV4S1/BD1S1/BJ2S1/CB2
BV4S1/BD2S1/BJ2S2/CB2
BV4S1/BD2S1/BJ2S3/CB2
BV4S1/BD2S1/BJ2S5/CB2
BV4S1/BD1S1/BJ2S7/CB2
BV4SI1/BDIS1/BJ2S7/CB2"
Total 2

Patient 2 (PBL)
BV8S1/BDIS1/BJ1S2/CB1
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Total 13
Patient 3 (TIL)

BVS5S1/BD1S1/BJ1S4/CB1 39

Total 39
Patient 3 (PBL)

BV6S3/BD2S1/BJ2S3/CB2
BV6S3/BD2S1/BJ2S7/CB2
BV6S5/BD1S1/BJ2S4/CB2
BV6S7/BDI1S1/BJ2S7/CB2
BV6S14/BD2S1/BJ2S1/CB2
BV6S14/BD2S1/BJ2S2/CB2
Total

NN - -

“ No. of TCR clones having the exact same V/D/J/C usage.
Clones that use the same V/D/J/C regions but a different junctional rearrangement
(thus not representing clonal expansion of the same TCR).

takes on practical importance as one considers the potential advantage
of a limited and predictable T-cell response to a specific TAA given
our current need for more effective biological markers for monitoring
tumor-specific T-cell responses (21, 27, 28). Analysis of our data
would suggest a relatively diverse TCR repertoire for TAA peptide-
stimulated PBLs and TILs.

Despite an overall diversity of subfamily repertoire, certain patterns
of response were observed. The relative usage of the predominant BV
was more marked in the TIL lines [TIL cultures represented 36, 50,
and 78% of the clones analyzed for patients 1, 2, and 3, respectively,
as compared to 26, 20, and 24% for their comparative PBL cultures
(Fig. 2)], and PBLs had a broader repertoire than the TILs (mean PBL
subfamily usage, 14.0; SD, 2.16; mean TIL subfamily usage, 9.33;
SD, 1.25; P < 0.05; Fig. 2). Additionally, when PBL and TIL cultures
from the same patient were compared, there was similar BV subfamily
usage (the PBLs of patient 1, for example, used 8 of the 11 subfam-
ilies present in that patient’s TIL culture; corresponding values were
7 of 9 and 7 of 8 for patients 2 and 3, respectively; Fig. 2). In each
case, the predominant subfamily present was different, illustrating
only a similar pattern of oligoclonal expansion rather than a specific
subfamily expansion (Fig. 2). PCR analysis of TCR subfamily usage
in other studies found that the mean frequency of T-cells expressing

each TCR BV subfamily was between 1 and 8.5% (range, 0.2-15%)
in healthy donors (34, 35). On the basis of these data, the predominant
BV usage in PBLs (26, 20, and 24% for patients 1, 2, and 3,
respectively) is strongly suggestive of peptide-stimulated expansion.
Fresh TIL cultures, however, tend to have greater variability of
expression for an individual TCR BV gene. In one series of 9 TIL
cultures, the large majority of overexpressed TCR BV genes were in
the range of 10-18%, although one TIL culture expressed 48% BV 2
(34-36). The oligoclonal expansion observed in our TIL cultures
(representing 36, 50, and 78% for patients 1, 2, and 3, respectively) is
suggestive of a response to the in vitro peptide stimulation. However,
without knowing the frequency of each BV subfamily in each TIL
population prior to in vitro stimulation, we cannot definitively con-
clude that the oligoclonal expansion was due to peptide stimulation.
No statements can be made concerning the specificities of any par-
ticular subfamily in each T-cell culture. Furthermore, it is difficult to
evaluate whether the findings noted in the TIL and PBL compartments
in terms of expansion are representative of true differences present in
each compartment or are amplifications of minor differences as a
result of long-term in vitro stimulation.

A more detailed analysis was performed evaluating the TCR V/D/J
region usage within the predominant TIL and PBL subfamily clono-
types for each culture condition. Evidence of clonal expansion by the
presence of multiple copies of the same clone was present in each
condition, and it was more marked with TILs. The most significant
piece of evidence was the clonal expansion of the TILs of patient 3;
39 of 50 of the isolated TCR used the same subfamily clonotype (BV
5.1/BJ 1.4/CB 2). This level of clonal expansion would under other
conditions be strongly suggestive of an antigen-driven phenomenon
resulting in antigen-reactive cells. However, the overall diversity of
PBL and TIL TCR repertoire was still present in these predominant
subfamilies, with approximately 50% of all predominant clones iden-
tified using multiple subfamily V/D/J regions (Table 1).

Alignment and translation of the subfamily junctional regions used
by the dominant subfamilies for each of the six culture conditions
demonstrated no identifiable junctional motifs in terms of nucleic acid
or amino acid sequence homology, which were common only to the
predominant subfamilies (Fig. 3). Prior work using a PCR-based
methodology evaluating VDJ junction size has noted a dominant and
virtually monoclonal TCR expansion in long-term TIL cultures based
on size uniformity of the CDR3 region (33). Comparison of the CDR3
sequences of our dominant subfamilies, however, illustrated no uni-
form CDR3 length. The observed diversity in the CDR3 regions
suggests either the expansion of multiple specific clonotypes that use
CDR3 of different lengths or the presence of subfamily clonotypes of
irrelevant specificities within the dominant subfamilies.

Similarities in the frequency and number of tumor-reactive T cells
between the PBL and TIL biological compartments is poorly defined.
It is not clear how easily tumor-reactive CTLs can migrate from the
peripheral blood to the tumor site in vivo. This limits our ability to
predict how well the TIL-mediated antitumor response can be trans-
lated into PBL-based therapies. It is encouraging that T-cell clones
using the exact same V/D/J/C regions were identified in both the TIL
and PBL compartment from each patient, and these clones were
members of the predominant subfamily of TILs (patient 3), PBLs
(patient 2), or both (patient 1; Table 2). The presence of T-cell clones
derived from predominant TCR subfamilies in the PBLs and TILs
implies that the biological compartments were available to the same
population of lymphocytes and that peptide-stimulated expansion
occurred in both. Furthermore, these findings indicate the presence of
exact T-cell clonotypes in both the PBLs and TILs, which should be
able to expand with the same specificity in response to antigen
stimulation. This provides support to the premise that the PBL
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A

Patient 1 - TIL

BV6S1/BD2S1/BJ257/CB2 TA ATCGACAGTCGCTACGAGCAGTACTICGGGCCGGGCACCAGGCTCACGGTCACAGAGGACCTGAAAAA
Y L C A S S I DS RYEBEQYPGPGTRLTVTZEDTLK
BV6S3/BD2S1/BJ2S1/CB2 TA AGGTACAATGAGCAGTTCTTCGGGCCAGGGACACGGCTCACCGTGCTAGAGGACCTGAAAAA
Y L C A SR G GRESRYNEQPTFPFG?PGTTRTLTVLETDTLK
BV6S3/BD2S1/BJ2S5/CB2 TA' CACAGAGACCCAGTACTTCGGGCCAGGCACGCGGCTCCTGGTGCTCGAGGACCTGAAAAA
Y L CA S S L T ETQYPGPGTURLTLVTLEDTLK
BV6S4/BD1S1/BJ1S6/CB1 TATCGCTGTGCCAGCAGCTT GCAGGGGGCC AGGACCTGAACAA
Y R CA S S L G A Q S PLHPGNGTURTLTVTETDTLN
BV687/BD2S1/BJ2S3/CB2 TATCTCTGTGC CACGCAGCGGGTTCACCACAGATACGCAGTATTTTGGCCCAGGCACCCGGCTGACAGTGOTCGAGGACCTGAAAAA
Y L CA S S S R S GPFPTTDTOQYUPG?PGTRULTVTLTETDTLK
BV6S14/BD2S1/BJ2S5/CB2 TA' TGGGACAGGAA AGGACCTGAAAAA

Patient 1 - PBL

G T GRETOQYPFPGPGTT RILLVLEDTLK

BV2S1/BD1S1/BJ1S1/CBl TTCTACATCTGCAGTGCTAGAGA mccmcsccggmmwmmmmm&cmm
F Y I CSARTD S R AAFPFPGQGTT RTULTJVJVTETDTL
BV2S1/BD1S1/BJ2S2/CB2 TTCTACA mcmammmmmmmmmmm cmccwcum
P Y I C S A P S GRAAAGTETLTPTPGTETG ST RTULTVTULTETDTLK
BV2S1/BD1S1/BJ2S1/CB2 TTCTACATCTGCAGTGCTAG GGGACCGAGCTCCTACAATGAGCAGTTCTTCGGGCCAGGGACACGGCTCACCGTGCTAGAGGACCTGAAAAA
P Y I C S AR G PSS YNTEGOQTPTPGPGTRLTVLTETDTLK
BV2S1/BD1S1/BJ2S1/CB2 TTCTACA A Tucwmmmmwmmmmmmmcm
F Y I C S A I T L AGWJYNTEGQTPTFPGPGTA RTLTJVTLTETDL
BV2S1/BD2S1/BJ2S1/CB2 TTCTACATCTGCAGTGCTAG Thmmmmmmmmmmmmmmccw
F Y I C S AR M AGEV ERGTPFTPGPGTH RLTJVTLTETDTLK
BV2S1/BD2S1/BJ2S1/CB2 CAGGTC AGGACCTGAAAAA
P Y I C S ARA G PETOQJTYTPGPGT R RTLTLJVTLTETDTLK
BV2S1/BD2S1/BJ2S1/CB2 TTCTA cmmmnwmcnmmmmﬁmmcm
P Y I C S AR A S L GQ I FGPGTU RTLTVTLTETDTULK
BV2S1/BD2S1/BJ2S7/CB2 TTCTACATCTGCAGTGCTAGAGA TGGACGGATGGAGTACTTCGGGCCGGGCACCAGGCTCACGGTCACAGAGGACCTGAARAA
P Y I CSARTD G RMEYTFPGPGT RTLTVTTETDL
BV2S1/BD2S1/BJ2S7/CB2 TTCTACATCT CCAGTGCT: AGGACCTGAAAA

Patient 2 - TIL

G Y B Q YP G PG TR RULTVTETUDTLK

BV4S1/BD1S1/BJ2S1/CB2 ATATATCTCTGCAGCG AGGACCTGAAAAA
I YL C S A vV S T E ‘l N B Q P FP G P GTRUL TV L 3 D L K
BV4S1/BD2S1/BJ2S1/CB2 ATATATCTCTGCAGCG GGGG CTX ACAATGAGCA A ACK A CCTGAAAAA
I YL C S G G G G s s Y N 3 Q P P G P G T R L T vV L B D L K
BV4S1/BD2S2/BJ2S2/CB2 ATATATCTCTGCAGCG CCGGGGACTT: AGGACCTGAAAAA
I YL C S A G DL AGZ REELUVPFUPGZ EBEGS S RULTVLETUDTL
BV4S1/BD2S1/BJ2S3/CB2 ATATATCTCTGCAGCGTTG CTCCTCGAGCT: AGGACCTGAAAAA
L C S V A P R A KDTOQYVP GP G T RULTVLEDTULK
BV4S1/BD2S1/BJ28S5/CB2 ATATATCTATGCAGCGTTG TAGCGGGTT, AGGACCTGAAAAA
I YL C S VYV A G Y Q ETQY PGP GTRULULVLEBEDTILK
BV4S1/BD2S1/BJ2S7/CB2 ATATATCTCTGCA( TTCTAGCGGGAGTGGTCTCTACGAGCAGTACTTCGGGCCGGGCACCAGGCTCACGGTCACAG A GGACC‘I‘GMAM
I YL C S VoD S S G S GL YEQYPFGPGTT RULTVTUEDTL
BV4S1/BD2S1/BJ287/CB2 ATATATCTCAGCAGCGT CATTA AGGACCTGMMA

Patient 2 - PBL
BV8S1(2) /BD1S1/BJ1S2/CB1

B

Patient 3 - TIL

BV5S1/BD1S1/BJ1S4/CB1 CTTTA

Patient 3 - PBL

BV6S3/BD2S1/BJ2S3

BV6S3/BD2S1/BJ2S7

BV6S5/BD1S1/BJ2s4

BV6S7/BD1S1/BJ2S7

BV6S14/BD281/BJ2S1 ATGTA' CTGATT!
M Y R C A s S

BV6S14/BD2S1/BJ2S2 ATGTATCGCTGTGC CCCA'

CAGCAGC
M Y R C A S s

Fig. 3. Alignment of junctional es from predomi bf:

e

TTT CTCGACCTGTTCGGCIAACTATGGCTACACCTTCGGTTCGGGGACCAGGTTAACCGTTGTAG
S TC S ANYGYTPFPGSGTRIULTUVVE

L I 8$S GG GG B QF FP G PG T RULTJVULE D
TGGGAGGAGGGCACCGGGGAGCTGTTTTTTGGAGAAGGCTCTAGGCTGACCGTACTG Al
P MGG GT G EBEL P PF G BEG S RUL TV LE

I M S G S GL Y EQYPFGPGTH RULTVTETDITLK

AGGACCTGAACAA
D L N

CAGGGAAGACTGTTTTTTGGCAGTGGAACCCAGCTCTCTGTCTTGG AGGACCTGAACAA
Q GRLF PG SGTOQL SVULE DULN

D L K

ily clonotypes of patients 1, 2, and 3. The 3’ ends of the variable genes and the 5’ ends of the carboxyl regions

are labeled. Germline J regions are underlined, and the amino regions are unmarked. The amino acid sequence for each J region matches the sequence reported for other transcripts
using the same J region. There were no identifiable junctional motifs in terms of amino acid usage or sequence that were common only to the predominant subfamilies.

compartment may be able to react productively against TAA
peptides. This hypothesis is the basis for several approaches ac-
tively being pursued, which include the adoptive transfer of PBLs
stimulated in vitro with peptides derived from TAA (24), the direct
administration of peptide to host dendritic cells ex vivo prior to
adoptive transfer (25), and vaccination with TAA-derived peptides
in a manner capable of enhancing antigen-presenting cell uptake
and presentation (26). In the face of recent reports outlining a
potential role for FAS ligand-mediated T-cell apoptosis induced by
the expression of FAS ligand on melanoma tumor cells, it is

possible that PBLs may in fact may be a preferable reagent to TILs
for effective CTL expansion (37).

In contrast to strong immunogenic antigens such as influenza
peptide (38), our results support previous findings in the setting of
TAA stimulation. These results suggested that it would be unlikely
that a particular V gene subfamily or subfamilies would be predom-
inant from patient to patient because of the ability of the immune
system to provide more than one TCR capable of recognizing a
specific tumor antigenic epitope (39). It is also interesting to note
recent work evaluating T-cell response to MART-1 antigen, which
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Table 2 Frequency of identical clonotypes in individual patient’s TIL and PBL
compartments

Comparison of specific TCR clones from each individual patient’s TILs and PBLs with
identical clonotypes [which was defined as a TCR junctional clone as using bp-for-bp the
same V/D/J/C regions with an identifiable >10-bp variability at the 5’ carbonyl-tailed
(RACE cDNA product) end of the BV]. The presence of the same clone in TIL and PBL
suggested that both biological compar were available to the same population of
lymphocytes and that peptide stimulated expansion occurred in both.

Clones
TCR V/D/J/C usage TIL PBL
Patient 1
BV2S1/BD2S1/BJ1S1/CB1 1 2
BV6S1/BD2S1/BJ2S7/CB2 2 3
BV9S1/BD1S1/BJI1S1/CB1 1 2
BV21S3/BD2S1/BJ2S1/CB2 4 2
Total 8/50 9/50
Patient 2
BV8S1/BD1S1/BJ1S2/CBI 1 10
Total 1/50 10/50
Patient 3
BV2S1/BD1S1/BJ1S5/CB1 3 2
BV5S1/BD1S1/BJ1S4/CB1 39 1
Total 42/50 3/50

would propose a role for epitope mimicry from nonrelated antigens
leading to a diversity of TCR and junctions capable of responding to
the MART-1 epitope (40, 41). Furthermore, our findings are consist-
ent with the current understanding of T-cell responses toward a
variety of protein antigens of either eukaryotic or viral origin in
nontumor systems. Several studies have noted that a given class II
MHC-peptide complex is recognized by a very limited number of
TCR subfamilies (42, 43), whereas a class I MHC-peptide complex
demonstrates a less restricted V gene usage (44-46).

In conclusion, our studies demonstrate a relatively diverse TCR
response to TAA peptide-driven TIL and PBL expansion from patient
to patient, suggesting that a limited and predictable T-cell subfamily
response to a specific TAA is not present as a marker for tumor-
specific T-cell reactivity. A similar pattern of expansion, however,
was present for both PBLs and TILs; the relative usage of each
prevailing BV was more marked in TILs, and a broader repertoire was
used by PBLs. Furthermore, the exact same clonotypes derived from
predominant TCR subfamilies in the PBLs and TILs were present,
suggesting that the biological compartments were available to the
same population of lymphocytes and that peptide-stimulated expan-
sion occurred in both. Therefore, it appears that both PBLs and TILs
contain T-cell clonotypes that would have the potential for antigen-
driven expansion. Given (a) the ability to stimulate TAA-specific
PBLs ex vivo; (b) reproducible patterns of expansion from patient to
patient; and (c) the suggestion that the same T-cell clonotypes can be
expanded whether present in PBLs or TILs, our data support the
conceptualization of approaches using adoptive transfer or vaccina-
tion based on TAA-derived peptide stimulation of PBLs.
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