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Abstract

Recent studies have indicated that adoptive immunotherapy with autologous anti-tumor tumor-
infiltrating lymphocytes (TILs) following non-myeloablative chemotherapy mediates tumor
regression in approximately 50% of treated patients with metastatic melanoma, and that tumor
regression is correlated with the degree of persistence of adoptively transferred T cells in peripheral
blood. These findings, which suggested that the proliferative potential of transferred T cells may play
arole in clinical responses, led to the current studies in which telomere length as well as phenotypic
markers expressed on the administered TILs were examined. TILs that were associated with objective
clinical responses following adoptive transfer possessed a mean telomere length of 6.3 kb, whereas
TILs that were not associated with significant clinical responses were significantly shorter, averaging
4.9 kb (p<0.01). Furthermore, individual TIL-derived T cell clonotypes that persisted in vivo
following adoptive cell transfer possessed telomeres that were longer than telomeres of T cell
clonotypes that failed to persist (6.2 kb versus 4.5 kb respectively, p<0.001). Expression of the co-
stimulatory molecule CD28 also appeared to be associated with long telomeres and T cell persistence.
These results, indicating that the telomere length of transferred lymphocytes correlated with in
vivo T cell persistence following adoptive transfer, and coupled with the previous observation that
T cell persistence was associated with clinical responses in this adoptive immunotherapy trial, suggest
that telomere length and the proliferative potential of the transferred T cells may play a significant
role in mediating response to adoptive immunotherapy.
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Introduction

Recent clinical trial results have demonstrated that cell transfer therapy with autologous anti-
tumor tumor-infiltrating lymphocytes (TILs) following a conditioning nonmyeloablative

2 Address correspondence and reprint requests to Dr. Juhua Zhou, Surgery Branch, National Cancer Institute, National Institutes of
Health, Room 3W/3-3832, CRC, Building 10, 10 Center Drive, MSC 1201, Bethesda, MD 20892-1201. Tel.: 301-451-6902 or
%01-496-9383. Fax: 301-496-0011. E-mail addresses:juhua_zhou@nih.gov..

J.Z. and X.S. contributed equally to this work.
3Abbreviations used in this paper: ALC, absolute lymphocyte counts; flow-FISH, fluorescence in situ hybridization and flow cytometry;
MESF, molecules of equivalent soluble fluorescence; TIL, tumor-infiltrating lymphocytes; TRBV, T cell receptor beta chain variable
region genes.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Zhou et al.

Page 2

chemotherapy regimen can cause the regression of large, vascularized tumors in patients with
refractory metastatic melanoma (1,2). Tumor regression in some patients was accompanied by
a large in vivo expansion of the administered anti-tumor lymphocytes, which represented
greater than 70% of the total lymphocytes in peripheral blood for more than five months after
transfer. Sequence analysis of T cell receptor beta chain variable region gene (TRBV) products
expressed in the administered TIL samples, tumor samples and PBMC samples obtained from
the treated patients demonstrated that there was a significant correlation between tumor
regression and the degree of persistence in peripheral blood of adoptively transferred T cell
clonotypes (1,3-5).

These observations lead to further consideration of the mechanisms involved with maintaining
T cell persistence. Telomeres are specialized DNA-protein structures at the ends of eukaryotic
chromosomes consisting in humans of 5-15 kb of tandemly repeated TTAGGG sequence with
associated proteins (6). Chromosomal replication during normal cell division is incomplete
and results in the loss of terminal telomeric sequences at a rate of 50-100 base pairs per cell
division (7,8). Telomere shortening has been observed in T cells as they differentiate from
naive to memory T cells and undergo extensive expansion (8,9). Clonal expansion of T cells
in vivo during immune responses to both foreign and autoantigens has been reported to be
associated with telomere shortening (10,11). The shortening of telomeres to a critical level
leads to loss of telomere function resulting in increased cell death and altered cell functions,
particularly loss of replicative capacity (senescence) (9,12,13). The loss of telomeres that
occurs with cell division can be compensated by the action of telomerase, an enzyme that can
catalyze the addition of telomeric end repeats (14). T cells up-regulate telomerase upon antigen
stimulation (15); however, telomerase activity decreases following repeated antigen
stimulation, resulting in corresponding decreases in telomere length upon further cell division,
and ultimately leading to replicative senescence (16). Studies of naive and memory T cells
showed that naive T cells, which have longer telomeres, can undergo increased numbers of
population doublings in vitro (17). Conversely, stabilization of telomere length in T cells after
over-expression of telomerase enhances replicative capacity (18,19). Thus, it is possible that
loss in telomere length during extensive in vitro expansion may act to decrease the residual
replicative capacity of TILs in vivo, impair T cell persistence and limit responses to adoptive
immunotherapy.

Phenotypic markers have also been associated with cells that have undergone extensive
proliferation. Markers that are up-regulated on senescent T populations include CD57 (20,
21) and the killer cell inhibitory receptor KLRG1 (22). In addition, the loss of expression of
the co-stimulatory markers CD27 (23,24) and CD28 (8,25) has been found on T cells that have
undergone extensive proliferation.

Results presented in the current study indicated that the telomere length of the administered
cells was significantly correlated with in vivo T cell persistence and tumor regression in
melanoma patients. These findings suggest that the ability of adoptively transferred anti-tumor
T cells to mediate tumor regression in vivo may be associated with their proliferative potential,
and that the analysis of telomere lengths of populations of in vitro cultured tumor reactive T
cells might facilitate the selection of TIL with enhanced in vivo efficacy.

Materials and Methods

Patient samples

All patients in this study signed an institutional review board—approved consent and were
treated with autologous TILs following lymphodepletion chemotherapy as described in detail
previously (1). The techniques of TIL growth have been described in detail (26). Briefly,
explants of small (2mm3) tumor fragments or 1x10° viable cells of tumor tissue digests were
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used to initiate TIL culture in 2 ml of RPMI 1640 based medium (Invitrogen) containing 10%
human serum and 6000 1U/ml IL-2 (Chiron Corp). After 2—4 weeks of culture, usually several
million TIL cells were obtained and screened by IFN secretion assay for recognition of tumor
cells. Anti-tumor TIL cultures were further expanded in AIM V medium (Invitrogen)
supplemented with irradiated allogeneic feeder cells, anti-CD3 antibody (Ortho Biotech) and
6000 1U/ml IL-2. This expansion protocol typically resulted in 1000-fold expansions of cells
by the time of administration 14-15 days after initiation of the expansions. All of the
administered TIL secreted greater than 100 pg/ml of IFN and at least twice background in co-
cultures with autologous melanoma cells, allogeneic HLA matched melanoma cell lines, or T2
cells pulsed with the dominant HLA-A2 restricted peptide epitopes MART-1:27-35 or
gp100:209-217. Peripheral blood samples were obtained from the patients approximately one
week and one month following adoptive transfer of autologous TILs and PBMC were separated
from the peripheral blood samples using Lymphocyte Separation Medium (MP Biomedicals).

Clinical response evaluation

Patients underwent computed axial tomography of the brain, chest, abdomen, and pelvis prior
to adoptive cell transfer and after the treatment. A partial response was defined as a decrease
of at least 50% (but <100%) of the sum of the products of the longest perpendicular diameters
of all tumors (World Health Organization Criteria) after therapy lasting at least 1 month with
no new or enlarging tumors, and a complete response required the disappearance of all lesions
with the appearance of no new lesions. All patients not achieving a complete or partial response
were considered as non-responders.

Analysis of in vivo T cell persistence

Analysis of in vivo persistence in the patients after adoptive transfer of autologous TILs was
carried out as previously described (3). Briefly, total RNA was isolated from TILs and PBMC
samples and used in the analysis of TRBV gene expression using 5’RACE technique. The
5’RACE products were analyzed by an automated DNA sequencer (ABI PRISM 3100-Avant
Genetic Analyze; Applied Biosystems). The sequence data were analyzed by comparison with
known TRBYV sequences using Vector NTI Suite 8 (Invitrogen).

Sorting of T cell clonotypes

Individual T cell clonotypes were sorted from the administered TILs using anti-PE MicroBeads
(Miltenyi Biotec) for telomere flow-FISH assay. PE-conjugated TCR Vbeta antibodies
(Beckman Coulter) including VBL1, VB2, VB3, VB4, VB5.1, VB7, VB8, VB11, VB13.1,
VB14,VB16 and VB17 as well as MART-1 tetramer (Beckman Coulter) were used to separate
the corresponding T cell clonotypes.

Telomere assay of fluorescence in situ hybridization and flow cytometry (flow-FISH)

The average length of telomere repeats at chromosome ends in individual T cell clonotypes
was measured by quantitative flow-FISH as previously described (8). FITC-conjugated
telomere probe (FITC-OO-CCCTAACCCTAACCCTAA, O indicating a molecule linking
FITC to DNA sequence) was from Applied Biosystems. FITC-labeled fluorescent calibration
beads (Quantum TM-24 Premixed; Bangs Laboratories Inc.) were used to convert telomere
fluorescence data to molecules of equivalent soluble fluorescence (MESF) units. The following
equation was performed to estimate the telomere length in basepair from telomere fluorescence
in MESF units (bp = MESF x 0.495) (8). Aliquots of the SUP-T1 human T lymphoblastic
leukemia cell line (ATCC) were used as daily positive control to normalize telomere lengths.
Unstained cells were included as negative controls.
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FACS analysis of phenotypic marker expression

TIL samples were co-stained with FITC, PE, allophycocyanin or biotin-conjugated antibodies
against phenotypic markers (Table 111) and corresponding FITC or PE-conjugated TCR Vbeta
antibodies including VB1, VB2, VB3, VB4, VB5.1, VB7, VB8, VB11, VB13.1, VB14, VB16
and VB17 as well as MART-1 tetramer (Beckman Coulter). Antibodies against CD8p, CD30,
CD48 and CD127 were purchased from Beckman Coulter. Antibodies against CD27 and ICOS
were purchased from eBioscience. Anti-CD102 antibody was purchased from
SouthernBiotech. Anti-CD178 antibody was purchased from ALEXIS Biochemicals. Anti-
DR3 antibody was purchased from NeoMarkers. Anti-HVEM antibody was purchased from
R & D Systems. CD8a expression was detected by TL-tetramer, a gift from Dr. Hilde Cheroutre
(LaJolla Institute of Allergy & Immunology). Antibodies against the other phenotypic markers
were purchased from BD Biosciences. Phenotypic marker expression was analyzed using
FACS Calibur (BD Biosciences).

Statistical analysis

Data were analyzed by Mann-Whitney U test or Wilcoxon signed-ranks test, and differences
were considered significant at p<0.05. Linear regression analysis was utilized to determine the
relationship between telomere length and characteristics of TIL and patient samples.

Results

Comparison of telomere lengths between responder-TILs and non-responder-TILs

The characteristics of autologous TILs used to treat patients with metastatic melanoma were
studied in order to understand the mechanisms involved with maintaining T cell persistence
and tumor regression. Prior studies have demonstrated that the proliferative potential of T cells
was associated with telomere length (27), and an initial attempt was therefore made to
determine whether or not telomere length of TIL was associated with their ability to persist
when administered to patients and to mediate tumor regression. When the telomeres present
in bulk samples of TIL were evaluated, there appeared to be a relatively narrow distribution
of telomere lengths within these T cell populations (Fig. 1). The telomere lengths of the
administered bulk TIL were not correlated with patient age (Fig. 2A) or with the length of in
vitro culture prior to infusion (Fig. 2B). The telomere lengths determined for the in vitro
cultured TIL were, however, correlated with the in vivo absolute lymphocyte counts (ALC)
between 5 and 10 days following adoptive transfer (p<0.0005) (Fig. 2C) and between 19 and
37 days following transfer (p<0.0005) (Fig. 2D), whereas the ALC in the peripheral blood at
these times following adoptive transfer was not correlated with the number of total transferred
T cells (p>0.1). These observations suggest that the telomere lengths of bulk administered TIL
may be related to their ability to proliferate and persist following adoptive transfer in vivo.

The telomere lengths of TILs that were administered to responding patients were then
compared with TILs that were administered to patients who did not respond to adoptive
immunotherapy. The results of this comparison indicated that the overall telomere lengths of
TILs used to treat responding patients were significantly longer than those that were utilized
to treat non-responding patients (6.31 + 0.37 kb compared to 4.91 + 0.29 kb respectively,
p<0.01; Table I). Differences have been observed in the overall telomere length of T cells
isolated from individual normal donors (28,29); however, the overall telomere lengths of
normal CD8+ PBMC isolated from responding patients (8.68 kb) was not significantly different
from those of CD8+ PBMC cells isolated from non-responders (8.03 kb) (p>0.2). These
observations suggest that response to therapy may be related to the proliferative potential of
the adoptively transferred T cells.

J Immunol. Author manuscript; available in PMC 2006 January 26.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Zhou et al.

Comparison

Comparison
clonotypes

Page 5

of telomere lengths between persistent and non-persistent clonotypes

Previous observations indicated that TILs used to treat responding patients generally contained
at least one dominant clonotype that persisted following adoptive transfer, whereas the
dominant clonotypes present in TILs administered to non-responding patients generally failed
to persist (5). Analysis of the mean telomere length of individual persistent T cell clonotypes
indicated that these were significantly longer than those present in the clonotypes that did not
persist (6.16 £ 0.43 kb versus 4.49 + 0.25 kb respectively, p<0.001; Table II). Further, in six
patients, all of whom responded to therapy, at least one persistent and one non-persistent
clonotype were identified in the same administered TIL population. For every case in which a
comparison could be carried out between clonotypes present in an individual patient, the
telomere lengths of persistent clonotypes were longer than those of the non-persistent
clonotypes, and pairwise analysis carried out for samples obtained from these patients indicated
that the telomeres present in the persistent clonotypes were significantly longer than those
present in the corresponding non-persistent clonotypes (p<0.05).

Since the mean telomere length of the heterogeneous bulk TILs correlated with post-treatment
lymphocyte levels in vivo (Fig. 2), the association of telomere length with the degree of
persistence of individual clonotypes that were observed following adoptive transfer, which
may reflect their proliferative capacity, was examined. The results of this analysis indicated
that the number of lymphocytes in peripheral blood corresponding to dominant persistent
clonotypes was significantly correlated with the telomere length of the in vitro cultured T cells
prior to transfer at both between 5 and 10 days following transfer (Fig. 3A; p<0.0005) and
between 19 and 37 days following transfer (Fig. 3B; p<0.005). In an attempt to more directly
measure of the extent of T cell proliferation that occurred following transfer, the number of
cells corresponding to persistent clonotypes that were detected in peripheral blood relative to
the number of cells corresponding to those clonotypes that were initially present in the infused
TIL was calculated and expressed as relative cell number in PBMC (Fig. 3C, 3D). The relative
cell numbers were significantly correlated with the telomere length between 5 and 10 days
(p<0.005) as well as at the later time point (p<0.01), providing direct evidence that the
proliferative capacity of adoptively transferred T cells may be correlated with telomere length.

of T cell phenotypic markers between the persistent and non-persistent

Since phenotypic markers have also been associated with cells that have undergone extensive
proliferation, additional studies were carried out to determine whether or not differences in the
expression of cell surface phenotypic markers could be discerned on the persistent and non-
persistent clonotypes that had been analyzed with regard to telomere length. Pair-wise analysis
of T cell clonotypes from individual patients revealed that the expression of 45 markers that
included co-stimulatory, cytokine and chemokine receptors, as well as markers associated with
T cell senescence did not differ significantly between the persistent and non-persistent T cell
clonotypes (Table I11). Only one of the markers that were examined, CD28, appeared to be
expressed at a significantly higher level on cells corresponding to persistent clonotypes than
non-persistent clonotypes (Table I11), although the expression of CD28 on individual
clonotypes was heterogeneous and no distinct CD28 positive and negative subpopulations
could be discerned among the cells that comprised individual clonotypes. Previous studies
indicated that there was a significant correlation between CD28 expression on CD8 T cells and
telomere length (8, 25). In agreement with these observations, there appeared to be a weak
correlation between the expression of CD28 and the telomere length of individual clonotypes
within the administered TIL (p<0.05, without correction for multiple comparisons), and the
majority of the persistent clonotypes had long telomeres and expressed a relatively high level
of CD28 (Fig. 4). These data suggest that the in vivo persistence of adoptively transferred T
cells is associated both with telomere length and CD28 expression.
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Discussion

The results presented in this study indicate that the telomere lengths of transferred lymphocytes
significantly correlate with T cell persistence in vivo following adoptive cell transfer. Our
previous study demonstrated that there was a significant correlation between tumor regression
and the degree of persistence in peripheral blood of adoptively transferred T cell clonotypes
(1,3-5). These data suggest that telomere length of transferred lymphocytes also correlates
with tumor regression in melanoma patients after adoptive cell transfer. Thus telomere length
may represent a marker that could aid in the selection of cells utilized for adoptive
immunotherapy. It is clear that long telomere length, however, is not sufficient to mediate
tumor regression. The T cells that were administered to one of the non-responders, patient
2037, possessed relatively long telomeres and persisted to a high degree following adoptive
transfer (Table I1). In addition, TIL 2080, which failed to mediate significant tumor regression
following adoptive transfer, possessed longer telomeres than many of the TIL from responding
patients (Table I). Preliminary results, however, indicate that a dominant clonotype from TIL
2080 that recognized the MART-1:26-35 epitope was highly persistent following adoptive
transfer (unpublished data). The lack of response to therapy that was observed in these patients
in the face of what appeared to represent relatively high levels of persistence is unexplained,
but could have resulted from tumor antigen or MHC antigen loss, as well as from loss of
molecules involved with antigen processing in the tumor or with effector mechanisms required
for anti-tumor effects.

The mean telomere length of bulk TIL that were administered to patients was associated with
the post-transfer overall absolute lymphocyte count (Fig. 1), irrespective of the levels of T cell
persistence that were observed in these patients (1,3-5). The apparent association that was
observed one month following transfer was unexpected, given that for many of the patient
samples analyzed, only a minority of the total populations of lymphocytes present in the blood
at this time appeared to comprise the transferred T cells (unpublished data). Persistence of
individual clonotypes at the tumor site may be a better indication than clonotypes in peripheral
blood; however, most patients had metastases in parenchymal organs and were thus not
accessible to study. It is also possible that the persistence in peripheral blood was under-
estimated due to the persistence of minor T cell clonotypes that were not accurately evaluated
due to the limited number of sequences that were determined. Alternatively, some feature of
the patient environment may act to promote T cell proliferation independently of the particular
T cells that were administered.

Although persistence of adoptively transferred T cells following non-myeloablative
chemotherapy has been associated with clinical response, widely varying levels of persistence
have been observed in responding patients. In addition, individual clonotypes that possessed
relatively long telomeres in some cases demonstrated little or no persistence following adoptive
transfer. A variety of factors that include tumor histology, tumor burden, as well as antigen
and MHC expression could play a significant a role in the outcome of these treatments, and
could potentially have an impact on the degree of persistence of individual T cell clonotypes.
The lack of clinical responses observed in patients who received cells that possessed telomeres
shorter than 4 kb, however, may indicate that possession of relatively long telomeres represents
an important factor that may be required for the proliferation as well as persistence of cells in
vivo. Activated T cells up-regulate telomerase expression (30), and ectopic expression of the
human telomerase reverse transcriptase gene in human CD8 positive T cells has been shown
to result in telomere elongation and extension of lifespan (19,31,32). The results of previous
studies have indicated that signaling through CD28 may lead to enhanced telomerase
expression (27,33), and a weak but potentially significant association was noted in the current
study between CD28 expression and the persistence of individual clonotypes. The levels of
telomerase expression in TIL are now being evaluated in an attempt to address this issue. Prior
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observations, taken together with the findings presented in this report, indicate that over-
expression of telomerase could potentially enhance the in vivo persistence and the efficacy of
cell transfer therapies in cancer patients, although again, this may not be sufficient in all cases
to lead to the persistence of tumor reactive T cells and any associated clinical responses.
Nevertheless, analysis of telomere length may provide a means to identify more effective TILs
for adoptive immunotherapy and suggests that the proliferative potential of the transferred TIL
is an important factor influencing T cell persistence and tumor regression.
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Figure 1.

Representative histograms of telomere flow-FISH assays of bulk administered TILs.
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Administered TIL samples were thawed and used in telomere flow-FISH assays without further
culture. Shaded area represents the unstained control.
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Telomere length of administered TIL is not correlated with age of TIL or patient age but is
correlated with absolute lymphocyte count. The relationship was examined between telomere
lengths of the administered TIL and patient age (A), or between the telomere lengths of the
administered TILs and the TIL age (B). TIL age refers to the total number of days TIL were
cultured in vitro. The association between the telomere lengths of the TIL prior to adoptive
transfer and absolute lymphocyte counts in the peripheral blood obtained between 5 and 10
days following adoptive cell transfer (C) and between 19 and 37 days following adoptive cell
transfer (D) was evaluated. All TIL samples were included if their corresponding data were

available.
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Figure 3.

Telomere length (kb)

Correlation of telomere length of transferred lymphocytes with in vivo T cell persistence. The
telomere lengths of transferred lymphocytes were compared with the total number of persistent
T cells detected in patient peripheral blood samples obtained between 5 and 10 days following
adoptive cell transfer (A) and between 19 and 37 days following adoptive transfer (B). In
addition, the relative number of persistent T cells that were present in peripheral blood was
calculated by determining the ratio of number of cells corresponding to individual persistent
clonotypes that were originally present in the administered TIL to the number of those cells
detected in peripheral blood at the two time points, assuming a total cell blood volume of 4
liters. A value of 1 indicates that the number of cells present in blood was equal to that present
in the TIL. The relative cell numbers were calculated between 5 and 10 days (C) and between
19 and 37 days (D) following transfer. All clonotypes that were present in the administered
TILs, as determined by sequencing the expressed TRBV gene products, and that were also
detected in the peripheral blood at levels of 1% or greater in either sample, were included in

this analysis.
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Relationship between telomere lengths and CD28 expression of transferred T cell clonotypes.
The percentage of CD28 expression on cells corresponding to individual clonotypes was
determined by co-staining with anti-TCR Vbeta antibodies. Closed squares represented
persistent clonotypes and closed circles represented non-persistent clonotypes.
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Comparison of telomere lengths between bulk responder-TIL samples and non-responder-TIL samples

Page 13

Responder-TIL sample

Telomere length (kb)

Non-responder-

Telomere length (kb)

TIL sample

TIL 1913 6.27 TIL 1866 5.52
TIL 19312 9.52 TIL 1890 4.75
TIL 1954 6.53 TIL 1907 5.65
TIL 1963 7.20 TIL 1909 3.06
TIL 2026 5.59 TIL 1941 3.84
TIL 2035 4.62 TIL 1945 6.24
TIL 2109 4.95 TIL 1979 6.67
TIL 2122 5.83 TIL 2009 4.82
TIL 2149 5.39 TIL 2037 4.85
TIL 2154 6.13 TIL 2075 3.96
TIL 2162 6.42 TIL 2080 7.11
TIL 2208 7.27 TIL 2119 4.25

TIL 2127 4.54

TIL 2133 4.10

TIL 2195 4.25
Mean + SE 6.31+0.37 Mean + SE 4.91+0.29
Mann-Whitney U test P<0.01

aThe telomere length of TIL 1931 was calculated by analyzing its predominant components, TIL 1931-F4 (10.78 kb telomere) representing 29% of total
T cells and TIL 1931-F5 (8.83 kb) representing 53% of total T cells in the administered TIL.
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Table Il
Telomere lengths of persistent and non-persistent clonotypes from the administered TIL samples and their clinical
responses

Administered TIL sample Patient clinical response® Persistent clonotypeb Telomere length (Kb) Non-
persistent clonotypeC

Telomere length (

TIL 2208 CR n/Ad N/A VB17a (48%—0%)°
VB17b (9%—0%)
TIL 1913 PR N/A N/A VBL1 (16%—0%)
TIL 1931 PR F4-MART-1 (20% 8.91 F5-MART-1 (24%
—83%) —0%)
TIL 1954 PR VB8 (10%—5%) 6.59 VB3 (13%—0%)
VB14 (5%—0%)
TIL 1963 PR VB5.1 (23%—7%) 7.26 N/A
VB7 (65%—77%) 8.04
TIL 2026 PR VB2 (65%—8%) 521 N/A
TIL 2035 PR VB1 (1%—9%) 5.32 VB2 (9%—0%)
VB17 (31%—0%)
TIL 2109 PR N/A N/A VB2 (32%—0%)
VB5.1 (17%—0%)
TIL 2122 PR VB16 (45%—20%) 4.50 VB13.1 (6%—0%)
TIL 2149 PR VB8a (19%—7%) 6.069 VB17 (5%—0%)
VB8b (6%—1%)
TIL 2154 PR N/A N/A VB2 (15%—0%)
VB4 (26%—0%)
TIL 2162 PR VB11 (50%—7%) 5.00 VB17 (13%—0%)
TIL 2037 NR VB5.1a (27%—9%) 6.009 N/A
VB5.1b (26%—7%)
VB7 (2%—17%) 4.76
TIL 1941 NR N/A N/A VB3 (91%—0%)
Mean + SE 6.16 + 0.43 Mean + SE
Mann-Whitney U test P<0.001

6.48, 19

4.27
4.61

4.67
4.18
N/A

N/A
4.73
4.56
3.49
2.94
434
412

6.76
411
431
N/A

3.84
4.49+0.25

a_ .. L .
Patient clinical response: CR, complete response; PR, partial response; NR, no response.

bPersisten'{ clonotypes are defined as TRBV Sequences, determined by 5’RACE analysis, that were derived from the administered TILs and present at
levels >5% in PBMC samples obtained from melanoma patients at one month after TIL administration.

CNon-persistent clonotypes are defined as TRBV sequences, determined by 5’RACE analysis, that were represented at levels >5% of the administered
TILs and that were present at levels < 1% in PBMC samples obtained at one month after TIL administration.

N/A: Either the corresponding antibodies were not available to detect and isolate the specific TRBV sequences, or none of TRBV sequences from the
administered TILs met the criteria used to define either persistent clonotypes or non-persistent clonotypes.

e . . . - . -
The first number in the parenthesis represents the percentage of specific clonotype TRBV sequences in the administered TILs, and the second represents
the percentage of specific clonotype TRBV sequences in PBMC samples obtained at one month after TIL administration.

Both persistent and non-persistent clonotypes were sorted from the administered TIL samples using magnetic beads as described in the materials and
methods, and expressed the appropriate marker on >95% of the sorted cells.

gAverage of two clonotypes.
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Table 11l
Phenotypic analysis of persistent and nonpersistent T cell clonotypes?

Marker distinguishing Persistent from Nonpersistent T cellsb

CD28

Percent of positive T cells (mean + SEM, %)

Persistent clonotypes Nonpersistent clonotypes

65+10 34+10

Markers that fail to distinguish persistent from nonpersistent T cells®

4-1BB CD30 CD70 CXCR4
CCR5 CD40L CD71 DR3
CCR6 CD45RA CD80 HVEM
CCR7 CD45R0O CD86 ICOS
CD2 CD48 CD9%4 NKB1
CD5 CD50 CD95 NKG2D
CD8aa CD54 CD102 Notchl
CD8p CD56 CD122 PD-1
CDlla CD57 CD127 TRAIL
CD16 CD58 CD161

CD25 CD62L CD178

CD27 CD69 CD231

aPhenotypic markers were analyzed by FACS. TCR V3 Abs or MART-1 tetramer were used to distinguish different T cell clonotypes by direct staining
of T cells.

Pairwise analysis of the percentages of persistent and nonpersistent T cells corresponding to dominant clonotypes from seven individual responding
patients demonstrated no significant differences in the expression of 45 phenotypic markers using the Wilcoxon signed-ranks test (p>0.1).

Pairwise analysis of the percentages of persistent and nonpersistent T cells corresponding to dominant clonotypes from seven individual responding

patients demonstrated a significant difference in the expression of CD28 using the Wilcoxon signed-ranks test (p<0.05) without correction for multiple
comparisons.
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