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Introduction: Tumor-infiltrating lymphocytes (TILs) have predictive and
prognostic value in breast cancer (BC) and exert a protective function against
tumor growth, indicating that it is susceptible to treatment using adoptive cell
transfer of TILs or T cell receptor (TCR)-based therapies. TCR can be used to
identify naturally tumor-reactive T cells, but little is known about the differences
in the TCR repertoires of CD4+ and CD8+ TlLs.

Methods: TCR high-throughput sequencing was performed using TILs derived
from the initial cultures of 11 BC biopsies and expanded and sorted CD4+ and
CD8+ TILs as well as using PBMCs from healthy donors expanded and sorted
using the same methodology.

Results: Physicochemical TCR differences between T cell subsets were
observed, as CD4+ TILs presented larger N(D)Nnt TRB sequences and with a
higher usage of positively charged residues, although only the latest was also
observed in peripheral T cells from healthy individuals. Moreover, in CD4+ TILs, a
more restricted TCR repertoire with a higher abundance of similar sequences
containing certain amino acid motifs was observed.

Discussion: Some differences between CD4+ and CD8+ TCRs were intrinsicto T
cell subsets as can also be observed in peripheral T cells from healthy individuals,
while other were only found in TILs samples and therefore may be tumor-driven.
Notably, the higher similarity among CD4+ TCRs suggests a higher TCR
promiscuity in this subset.
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1 Introduction

The study of the antitumoral immune response has become a
research focus and has led to an increasing number of therapies based
on activating, enhancing, or modulating different components of the
immune system, known as immunotherapies (1, 2), such as adoptive
cell therapy using tumor-infiltrating lymphocytes (TILs), chimeric
antigen receptor T cells (CAR-T cells), and immune checkpoint
inhibitors (ICIs). Recently, the use of immunotherapies has
demonstrated effectiveness in breast cancer (BC), the most frequent
cancer in women and the most prevalent worldwide, assuming a great
advance for certain types of aggressive tumors and/or those for whom
there is a need to find alternative therapies, such as triple-negative BC
(TNBC) or metastatic BC (3-5).

Tumors (including BC) with heavy immune cell infiltration or
hot tumors have better prognoses than those with low immune cell
infiltration or cold tumors. However, TILs are not present in all
individuals, and TIL can also acquire a state of dysfunction or
exhaustion, thereby losing effector functions (6). Therefore, the
degree of infiltration by itself is not always indicative of an effective
anti-tumor immune response; the functional state of T cell function
is also important. In fact the CD8+/regulatory T cell (Treg) ratio is a
good prognostic biomarker (7), indicating that that an efficient
antitumor response depends on the presence of infiltration by active
T cells not subjected to the inhibitory action of Tregs. Even so, a
good outcome is not always ensured, as other mechanisms, such as
TILs inhibition by suppressor signals in the tumor
microenvironment, may have a critical influence. Nonetheless,
TILs are a natural source of antitumor materials, and more
recently, therapeutic approaches have focused their attention on
the T cell receptors (TCRs) of TILs, developing therapeutic
products with engineered transgenic TCRs that might exhibit
improved recognition of cancer cells (8-10).

The antitumor response requires the activation of both CD4+ T
cells, which are crucial for orchestrating and sustaining the initial
response and generating immunological memory, and CD8+ T
cells, which are crucial for their capacity to directly recognize and
kill tumor cells. Both T cell subsets require recognition of antigen-
HLA complexes through their TCR to initiate T cell activation; that
is, CD4+ and CD8+ T cells recognize HLA class II (HLA-II) and
HLA class I (HLA-I)-associated peptides, respectively. The TCR
repertoire of different subsets is determined by three different
factors: (i) the differences in the peptides presented by HLA-I and
HLA-II molecules, which may contribute to the selection of
different CD4+ and CD8+ TCRs with different physicochemical
properties during thymic selection, (ii) the antigen availability
influenced by a differential presentation; that is, class I peptides
can be directly presented by tumor cells and recognized by CD8+ T
cells, whereas class II peptides must be captured, processed, and
presented by APCs (dendritic cells, B cells, and macrophages);
therefore, a constant release of tumor antigens in high amounts
from dead or apoptotic tumor cells is necessary to maintain a class
IT response, and (iii) the HLA expressed genotype.

Previous studies have described intrinsic dissimilarities between
peripheral CD4+ and CD8+ TCRs although these differences have
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not been assessed for TILs TCRs. Most TCR studies on cancer have
focused on TCR repertoire features, as the TCR provides the antigen
specificity of T cells, representing a biomarker that allows to analyze
the status and evolution of TILs. TCR diversity analysis is one of the
most evaluated features, used to monitor the presence of clonal
expansions, indicating an activation and response of T cells, but
other features such as the convergence level, or convergent
recombination (CR), which represents the number of CDR3nt
sequences encoding a specific number of CDR3aa, can also suggest
a T cell response. Different T cells with the same CDR3aa but with
different origins (different CDR3nt) may denote tumor recognition
and higher CR levels among public TCRs (shared among different
individuals) have been reported in breast cancer (BC) (11). The use of
various TCR repertoire features to predict prognosis and response to
ICI therapies has also been evaluated by several groups and recently
reviewed by ours (12, 13), but little is known about the differences in
these properties between TILs subsets. The identification of specific
TCRs is mandatory for designing TCR-based therapies, and both
CD4+ and CD8+-specific TCRs have been successfully used for
treatment (14, 15). Therefore, understanding how TCRs are
configured in different T cell subsets and knowing which factors in
the repertoire can indicate activation and/or response processes, as
well as whether these have similar or different behaviors in different
subpopulations in the tumor microenvironment, may help us select
better TCRs candidates to improve the development of
personalized therapies.

Considering all this, the objective of this study was to analyze
differences in CD4+ and CD8+ TILs in BC, focusing both on their
TCR properties as well as on the repertoire features that may point
out a different response. We have studied 11 BC biopsies with
different etiology and have performed TCR HTS both in initial TILs
cultures (from small biopsy-slices cultured as explants in the
presence of low IL-2 doses) and in expanded and sorted CD4+
and CD8+ TILs. Our data indicate that TCRs from CD4+ and CD8
+ T cells present some physicochemical differences, some of which
are attributable to the cellular subtype while others are only
observed in the tumoral infiltrates. Not only differences in the
TCR diversity were observed but also in the sequence similarity, i.e.,
CD4+ TILs show a more restricted repertoire and frequently
present conserved aminoacidic motifs in the TRB CDR3
sequences, both intra- and interindividual, while CD8+ TILs are
more diverse and exhibit more variable TRB CDR3 sequences.

2 Material and methods
2.1 Breast cancer TILs samples

Four triple-negative, three luminal A, and four luminal B breast
cancer biopsies from 11 female patients, with age raging from 42 to
74 at the time of the diagnosis used in this study are summarized in
Supplementary Table 1. Biopsies were cut into small slices covering
the entire tissue sample to maintain representation of TILs at
different locations in the surgical sample. Some slices were frozen
in liquid nitrogen, whereas others were cultured as explants in 48-
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well plates (biopsy-slices used for TCR analysis are summarized in
Supplementary Table 1). Biopsy-derived TILs, were cultured in 1 ml
of complete culture T cell medium (IMDM GlutaMAX ™ (Gibco) +
10% decomplemented human serum + antibiotic/anti-mycotic
(Sigma)) using low levels of IL-2 (100U/ml, provided by the
NIH). Half of the medium with the corresponding IL-2 was
renewed every 5 days.

After approximately 10 days, biopsy-derived TILs (referred to
as TILs-initial) were harvested and analyzed to assess the
abundance of CD4+ and CD8+ TILs by flow cytometry and cell
pellets were collected simultaneously for TCR analysis (Figure 1).
Between 2-4 weeks after the initial culture, some TILs were
harvested, expanded, and sorted (referred to as TILs-CD4+ and
TILs-CD8+) for TCR analysis.

2.2 Peripheral T cell samples
from healthy donors

Peripheral T cells, used as controls, were obtained from 20 ml of
blood from six healthy donors: three men and three women ranging
in age from 20 to 30 years old (summarized in Supplementary
Table 2). We considered only healthy donors without any type of
infection at the time of blood extraction or without any disease with
an immune etiology, and excluded donors recently vaccinated.
Blood was extracted from the Autonomous University of
Barcelona Health Care Service and consent was obtained from all
volunteers. PBMC were obtained from the peripheral blood, diluted
1:2 in PBS, and separated using a Ficoll-Paque density gradient
(Lymphoprep; Alere Technologies). From PBMCs collected from
the phase, a portion of cells was directly used for TCR analysis using

TILs TCR sequencing
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bulk cells as well as sorted CD4+ and CD8+ cells (referred to as
PBMCs, P-CD4+ and P-CD8+, respectively). The remaining was
cultured to perform TCR analysis after T cell expansions. Expanded
cells were used in bulk as well sorted CD4+ and CD8+ cells
(referred to as ePBMCs, eP-CD4+ and eP-CD8+, respectively)

2.3 T cell cultures and expansions

Between 2-4 weeks after the initial TILs cultures, cells were used for
T cell expansion using the T cell TransAct' (MiltenyiBiotec). T cells
were plated in 96-well plates at 3 x 10° cells/well in 200 pL complete T
cell medium. On the second day, according to the manufacturer’s
instructions, the reagent was removed and replaced with 180 ul of fresh
T cell complete medium, and cell suspensions were split every 2 days
(1:2 ratio). After a total of 14 days, cells were harvested for FACS
sorting and TCR analysis. PBMCs from healthy donors cultured
directly after obtention were expanded using the same procedure.

2.4 Flow cytometry and cell sorter

Between 2-5 x 10° cells were stained with anti-human antibodies
for 20 min at 4°C in the dark in PBS + 2% fetal bovine serum (FBS).
After incubation, the cells were washed and analyzed by flow
cytometry. Antibodies used for flow cytometry were FITC-
conjugated anti-human CD3 (RRID : AB 10893003), PE-conjugated
anti-human CD4 (RRID : AB_393790), and APC-conjugated anti-
human CD8 (RRID : AB_10642579) (BD Pharmingen). A BD FACS
Canto flow cytometer was used for analysis. Analyses were performed
using the FlowJo, RRID : SCR_008520, and FACS Diva software. The
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CD4+ and CD8+ TILs TCR repertoire analysis. Biopsies were cut in several slices cultured as explants and TILs from the initial cultures were
harvested after 7-15 days for both TCR HTS and T cell expansions. After 15 days, expanded CD4+ and CD8+ TILs were purified using a cell sorter
and TCR HTS was performed. We analyzed TCR physicochemical properties (CDR3nt and N(D)Nnt length and biochemical properties of the central
5-mer of the CDR3aa), TCR repertoire properties (diversity, convergent recombination, and the presence of public sequences), and the presence of
motifs in the CDR3 sequences. Clustered sequences obtained from the motif analysis (GLIPH2 (16, 17)) were compared with the literature (using
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same staining procedure and antibodies were used for the CD4+ and
CD8+ T cell sorting, harvested after 14-15 days of expansion method.
Cell sorter used was a BD FACsJazz. Cells collected from the sorter
were pelleted and used for the TCR analysis.

2.5 TCR library preparation

1 x 10° - 1 x 10° cells were used for RNA extraction, isolated
using the RNeasy Micro Kit (Qiagen) with on-column DNase
digestion using an RNase-free DNase set (Qiagen) following the
manufacturer’s instructions. The amount and integrity of RNA
were measured externally by the Genomics Core Facility of the
University Pompeu Fabra (UPF) using an Agilent 2100 Bioanalyzer
(Agilent Technologies) and RNA 6000 Nano or RNA 6000 Pico
chips. Samples with RIN <7 were excluded. TCR profiling was
performed using a SMARTer Human TCR a/b Profiling Kit (Takara
Bio, Shiga, Japan). TRA and TRB sequencing was applied both to all
TILs samples, while only TRB sequencing was applied to PBMCs
from healthy donors’ samples. Library purification was performed
using Agencourt AMPure XP Beads (Beckman Coulter) and
libraries were analyzed and validated on an Agilent 2100
Bioanalyzer using a DNA 1000 kit (Agilent Technologies). HTS
was performed on an Illumina MiSeq sequencer using a 600-cycle
MiSeq Reagent Kit with paired-end 2 x 300 bp reads.

2.6 TCR repertoire analysis

Raw TCR sequencing data were aligned using MiXCR Immune
Repertoire Analyzer (19) (RRID : SCR_018725) and processed
using VDJTools (20). Non-productive clonotypes were excluded
and routine decontamination was performed to eliminate cross-
sample contamination. Before the length, biochemical properties
and motifs analysis, pre-processed data were collapsed by CDR3aa
sequences using VDJTools (20), that is, clonotypes with different
nucleotide sequences encoding the same CDR3aa sequence were
summed, and frequencies were recalculated. TCR data from the
different biopsy-slices from the same patient were merged for the
comparative analyses except when indicated. The length,
biochemical properties, diversity, CR level and presence of public
CDR3aa sequences were also analyzed using VDJTools” functions.

Motif analysis was performed using the pooled CDR3aa TRB
sequences in the CD4+ and CD8+ sets using the GLIPH2 (16, 17)
tool. Only those motifs with a Fisher score >0.5 and an expansion
score >0.5 were used to select only those motifs that were
significantly enriched. The TCR sequences with a frequency
> 0.1%, the public TCR sequences, and the TCR sequences
obtained from the GLIPH2 (16, 17) analysis were compared with
the McPAS-TCR (18) database with a Levenshtein distance of 1.

2.7 Statistical analysis and figures

Statistical analyses, as well as data normalizations, and figures
were generated using GraphPad Prism, RRID : SCR_002798 (version
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7.0). Pearson r correlations were used to assess statistical significance
in the study of the relationship between CD4+ and CD8+ percentages
in TILs-initial samples and the TCR diversity, as well as in the study
of the relationships between the number of reads and CDR3
sequences obtained in TILs-CD4+ and TILs-CD8+ samples with
the number of motifs obtained by GLIPH2 (16, 17). Ordinary one-
way ANOVA with Tukey’s multiple comparison tests were used to
compare CDR3 properties in different TILs and PBMCs samples.
Paired t-tests were used to analyze differences in diversity in CD4+
and CD8+ samples from the same biopsy sections. Ordinary two-way
ANOVA with Sidak’s multiple comparison tests were used to assess
statistical significance between samples before and after in vitro
expansions in bulk PBMCs and purified CD4+, and CD8+ T cells.
The results of the statistical tests are shown in figures. UpSet plots
were generated with R3 (version 3.6.1) using the “dplyr” (21),
“RColorBrewer” (22), and “UpsetR” (23) packages.

3 Results

3.1 Analysis of CDR3 differences between
CD4+ and CD8+ TlLs and peripheral T
cells from healthy donors

We analyzed the CDR3nt and N(D)Nnt regions sequence
lengths and the biochemical properties of the CDR3aa sequences
in CD4+ and CD8+ TILs. Unlike peripheral T cells, TILs are
supposed to be activated in the draining lymph nodes and then
migrate to the tumor site. Therefore, TCR differences may be
attributed to the differential selection of certain clones, probably
tumor antigen selected clones. Moreover, to rule out the possibility
that findings were instead due to a bias in T cell rate of growth
during the in vitro expansion, we analyzed TRB transcripts from
healthy peripheral T cells before and after being subjected to the
same protocol expansion than the BC TILs as a control. These
samples were also used as controls to assess whether TCR
differences could be observed in healthy peripheral T cells. As
analyses from TRA sequencing did not show important remarks, we
only performed TRB HTS on healthy donors’ T cells to compare
with results from TILs samples. TRA derived data and analysis from
TILs can be found at Supplementary Data and Supplementary
Figures 1, 4, 6, 7.

From TILs derived after the initial short culture with IL-2 (from
now on, TILs-initial samples), we obtained a total number of 35357
TRB CDR3nt sequences (Supplementary Table 1). After TILs
expansions using anti-CD3/anti-CD28 agonists and subsequent
CD4/CD8 sorting (from now on referred to as TILs-CD4+ and
TILs-CD8+ samples, respectively), we obtained 9245, and 5568 TRB
CDR3nt sequences respectively (Supplementary Table 1). The
number of CDR3nt sequences obtained in TILs samples varied
widely and could not be associated with the global infiltration level
of TILs, except for the BTLQ7 which was highly infiltrated and from
which we obtained the highest number of sequences. Therefore, this
variation could be related with the different degrees of infiltration
levels in a single biopsy.
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The TRB HTS was performed using peripheral T cells from
healthy donors, both using bulk samples and CD4+ and CD8+
sorted cells, before and after in vitro expansions (from now on,
PBMCs, P-CD4+ and P-CD8+ for samples obtained before
expansions, and ePBMCs, eP-CD4+ and eP-CD8+ for samples
obtained after expansions). As expected, we obtained much more
sequences using peripheral T cells, that is 49336, 362524 and
220912 TRB CDR3nt sequences from PBMCs, P-CD4+ and P-
CD8+ samples, respectively, and 143376, 256681 and 179252 TRB
CDR3nt sequences from ePBMCs, eP-CD4+ and eP-CD8+ samples,
respectively (Supplementary Table 2).

TRB CDR3nt mean length + SD was 44 + 1.9 on TILs-initial
samples and 43 + 2.4 on both TILs-CD4+ and TILs-CD8+ samples
(Figure 2A). We checked whether the variability in the CDR3nt
length was caused by differences in the N(D)Nnt region and found
that the TRB N(D)Nnt mean length of TILs-CD8+ samples (11.4 nt
+ 2.2) was significantly shorter than that of TILs-CD4+ samples
(14.4 + 3.1 nt, p=0.004), and of TILs-initial samples (13.8 + 2.1 nt,
p=0.019) (Figure 2B). In control samples, we did not find significant
differences in the TRB N(D)Nnt sequence length neither of P-CD4+
and P-CD8+ samples nor of eP-CD4+ and eP-CD8+ samples
(Figures 2C, D).

Subsequently, the biochemical properties (hydropathy index,
charge, and polarity) of the central 5aa of the CDR3 beta chains
were analyzed (Figures 2E, F; Supplementary Figure 2). Data were
weighted by the frequency of sequences and normalized to
subregion size (5aa). Among the three properties analyzed, we
only observed differences in the charge of the TRB sequences,
specifically, the TILs-CD4+ samples presented the highest mean
value (0.06 * 0.12), which was significantly different from that
observed in the TILs-CD8+ (-0.04 + 0.07, p=0.005) and the TILs-
initial samples (-0.01 + 0.04, p=0.045) (Figure 2E). This indicated an
increased presence of positively charged amino acids in the central
5-mer of the CDR3 beta chain in TILs-CD4+. In the control
analysis, we found a significant difference in the charge, with an
average value of 0 + 0.008 in P-CD4+ and of -0.03 + 0.02 in the P-
CD8+ (p=0.012, Figure 2F) and a statistically significant increase
was observed after expansions (p=0.008). Although this may
suggest that expansions can slightly modify the repertoire, none
of the properties analyzed showed significant differences after
expansion (Supplementary Figures 3A-E). Thus, we concluded
that the TRB N(D)Nnt length difference was a feature from TILs,
whereas the difference in the usage of positively or negatively
charged amino acids in the central 5-mer of CDR3aa was a CD4+
and CD8+ intrinsic TCR feature.

3.2 Diversity analysis of CD4+ TCR from
TILs reveals a restricted repertoire

The heterogeneity of T cell subsets may extend beyond the
physicochemical properties of the TCR. By studying other TCR
repertoire features, such as diversity, the TCR can be considered as a
biomarker of response, as diversity is associated with the presence of
clonal expansions. Moreover, the TCR diversity can vary among
different T cell subsets, reflecting the differences in antigen
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recognition capabilities between CD4+ and CD8+ T cells. Hence,
in this study, we investigated the TCR diversity in TILs-CD4+ and
TILs-CD8+ samples. TCR data were stratified both by patients and
by the different biopsy-slices cultured. The normalized Shannon-
Wiener index (nS-W) was used to compare TILs-initial with TILs-
CD4+ and TILs-CD8+ TCR diversities.

The mean diversity in the TILs-initial samples was 0.45 + 0.2 for
the TRB CDR3nt sequences and did not significantly differ from
TILs-CD4+ and TILs-CD8+ samples, with a mean diversity of 0.38
+ 0.22 and 0.51 + 0.2, respectively (Figure 3A). Suspecting that the
broad dispersion in the TCR diversity values may mask real
diversity differences, we stratified data by biopsy-slices and
compared diversity indexes in both subsets. Using this approach,
TILs-CD8+ samples showed a significantly wider repertoire
diversity than TILs-CD4+ samples (p=0.02) (Figure 3B). Similar
results were obtained when TRA CDR3 sequences were studied
(Supplementary Figures 4A, B).

To check whether the low TCR diversity observed in CD4+ TILs
was already present in the initial cultures and facing the limitation
of not having sorted CD4+ and CD8+ cells, we used the proportion
of both subsets in the initial cultures to infer whether the different
degrees of diversity were correlated with their presence. Diversity
kept negative and significant correlated with the CD4 proportion
(and positive but not significant with CD8), indicating that
differences in diversity were already present in the initial cultures
before their expansions (Figures 3D, E). Therefore, we concluded
that CD4+ TILs present less diverse repertoires, and this feature can
be observed in the initial cultures when they are mainly composed
of CD4+ T cells.

In parallel, TCR diversity was analyzed in control samples
(Figure 3C). No significant differences were found in PBMCs nor
in the e-PBMCs samples. Moreover, the expansion method used did
not significatively bias the diversity in PBMCs samples
(Supplementary Figure 5A). We finally compared the TCR
diversity in expanded T cells from PBMCs and TILs, and the
TCR diversity was significantly different (Supplementary
Figure 5C) as expected, since the peripheral diversity in healthy
donors should be much broader than that in any infiltrate.

3.3 The lower diversity found in CD4+
TILs could not be attributed to the
expansion of public sequences or

to higher convergence

Lower diversity or higher clonality may result from the selection
of certain clonotypes in the tumor infiltrates. Therefore, the lower
diversity observed in the TILs-CD4+ samples could indicate a more
restricted selection in this subset, which could be a result of a higher
degree of convergent recombination (CR), ie., several CDR3nt
encoding the same CDR3aa sequences due to TCR selection
during the immune response. As for diversity, for the CR analysis
data were stratified both by biopsy-slices and by biopsy. The average
TRB CR levels obtained from the TILs-initial samples were 1.05 +
0.02 in the biopsy-slice analysis and 1.1 + 0.04 in the biopsy analysis.
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TRB physicochemical properties in TILs and peripheral T cells from healthy donors. CDR3nt length and NDNnt length analysis of TRB CDR3nt sequences
in TILs samples (A, B), respectively) and PBMCs from healthy donors (C, D), respectively). TILs-initial and TILs-CD4+ samples presented significantly
larger TRB NDNnt sequences compared with TILs-CD8+ samples. This difference was not observed in the PBMCs samples. The charge level of TRB
CDR3 sequences in TILs (E) and PBMCs (F) revealed a significantly higher usage of positively charged residues in TILs-CD4+ samples compared to TlLs-
initial and TILs-CD8+ samples. This difference was also observed in CD4+ samples from PBMCs, both before (P-CD4+ vs. P-CD8+) and after (eP-CD4+
vs. eP-CD8+) expansions. TILs samples derived from BC biopsies and control samples used are summarized in Supplementary Tables 1 and 2,
respectively. Values from each sample are available in Supplementary Data. ns (not significant), p >0.05; *, p < 0.05; **, p < 0.01.

In this latter, the convergence of TRB sequences increased  convergence level by selecting some given clones in different biopsy-
significantly in both TILs-CD4+ and TILs-CD8+ when compared  slice cultures. In the control analysis, we did not find any difference
with TILs-initial samples (p=0.006 and p<0.0001, respectively)  inthe CRlevel between different samples (Figure 4B). Moreover, the
(Figure 4A), suggesting that in vitro expansions may affect the  expansion method did not affect the CR level and similar results
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(E). TILs samples derived from BC biopsies and control samples used are summarized in Supplementary Tables 1 and 2, respectively. Values from
each sample are available in Supplementary Data. ns (not significant), p >0.05; *, p < 0.05; **, p < 0.01

were obtained in eP-CD4+ and eP-CD8+ and TILs-CD4+ and
TILs-CD8+ samples (Supplementary Figures 5B, D, respectively).

As the CR level could not explain the lower diversity observed in
TILs-CD4+ samples, we investigated whether the restricted
repertoire was caused by a higher proportion of TRB CDR3aa
shared sequences among two or more biopsies (Figure 4C); from
now on, referred to as public sequences for those shared among at
least two biopsies/patients and to as private sequences for those only
found on one biopsy. The number of public sequences in TILs-CD4
+ and TILs-CD8+ samples were 17 and 12, respectively,
representing only 0.4% of the total TRB CDR3aa sequences in
both cases. Sequences were shared between a maximum of three
biopsies, although the majority were found in only two biopsies.
There was no association of biopsy histological type with shared
public sequences (Supplementary Figure 6). A higher percentage of
public sequences was obtained in the control samples (7-10%,
Figure 4D), probably due to the higher number of
sequences obtained.

As the difference in the number public sequences within each
subset was not relevant and there was not an obvious association
with the diversity, we compared we compared normalized fractions
of the different public sequences found in the biopsies. Notably,
most of the public sequences, were present at low frequencies
(<0.005%) (Supplementary Figures 7A-D) but similarly observed
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in both TILs-CD4+ and TILs-CD8+ samples. Interestingly, most of
the private sequences were non-convergent i.e., codified by a unique
CDR3nt sequence, whereas most of the public sequences were
convergent (Figure 4E). Therefore, we concluded that the CR
level was associated to the proportion of public sequences, as
these were usually more convergent, but none of these features
were associated with TCR diversity.

3.4 Expanded CD4+ T-TILs present similar
TCRs with conserved CDR3aa motifs
shared among studied patients

TCR similarity may be due to common 3-5-mer motifs in the
CDR3aa sequence. The GLIPH2 (16, 17) algorithm identifies
clusters of TRB CDR3aa sequences with a high probability of
sharing antigen specificity by clustering short amino acid motifs
on the CDR3. We applied GLIPH2 (16, 17) considering only
significant motifs (Fisher’s exact test) with an expansion score
>0.5. The number of motifs identified among TILs-CD4+ was
clearly larger than in TILs-CD8+ sequences (45 vs. 25)
(Figure 5A). Several motifs were present in a high fraction of
TCRs and similarly distributed after normalizing by the sample
size in both sample subtypes (Figures 5B, C). Of the 45 motifs
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TRB CR level and percentage of public sequences in TlILs and peripheral T cells from healthy donors. (A) The TRB CR level of TILs samples calculated
by biopsy and by section (slices) did not show significant differences between different groups of samples. In the biopsy analysis, a significantly
higher CR level was observed bot in the TILs-CD4+ and the TILs-CD8+ samples compared to the TlLs-initial samples, indicating that certain
convergent sequences in different slices were selected after expansions. (B) No differences were observed in the CR level of T cells from PBMCs,

neither before (P-CD4+ vs. P-CD8+) not after (eP-CD4+ vs. eP-CD8+) in

vitro expansions. (C) Similar percentages of TRB public sequences were

observed in TILs-CD4+ and TILs-CD8+ samples. (D) The percentage of TRB public sequences in PBMCs was higher than in TILs, but no differences
were observed between CD4+ and CD8+ T cells, neither before (P-CD4+ vs. P-CD8+) not after (eP-CD4+ vs. eP-CD8+) in vitro expansions. (E) The
percentage of TRB public sequences was higher among the convergent compared to the non-convergent group of sequences in both TILs groups
of samples. TILs samples derived from BC biopsies and control samples used are summarized in Supplementary Tables 1 and 2, respectively. Values

from each sample are available in Supplementary Data. CR, convergent sequences; nonCR, nonconvergent sequences. ns (not significant), p >0.05;

*% b < 0.01; %% **** b < 0.0001

detected among CDR3aa sequences of TILs-CD4+ samples, 15 were
present in at least two different biopsies (Figure 6A). Several motifs
were present in five CDR3aa sequences and some of them even in
more than ten (Figure 6B). In TILs-CD8+ samples, only four motifs
were found in more than one biopsy (Figure 6C), and the most
frequent motif was found in seven CDR3aa sequences (Figure 6D).
We ruled out the possibility that the sample size (number of
sequences) was responsible for the larger number of motifs in
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TILs-CD4+ samples by analyzing the correlation between the
number of reads and sequences with the number of total and
shared motifs (Supplementary Figure 8). We therefore concluded
that CD4+ TILs were not only less diverse but also more similar
intra- and inter-individually. Finally, although no relationship was
found between motifs and the histological type of breast tumors, it
is noteworthy that the two biopsies with a greater number of motifs
among TILs-CD8+ samples corresponded to TN cases.
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3.5 TCR motifs may be used to identify
tumor-reactive CD4+ T cells

We reasoned that the relative homogeneity observed within
each individual but also between patients in TILs-CD4+ samples
may be associated to cancer-related expansions. In searching for
clues supporting this possibility, three sets of sequences from our
TCR CDR3aa data i.e., sequences with a frequency >0.1%, public
sequences, and sequences clustered by GLIPH (16, 17) motifs, were
compared with sequences reported in McPAS-TCR (18), a
comprehensive database of TCR sequences of known specificity/
pathological context. Those sequences from our sets which had a
match in McPAS-TCR (18) were then grouped into four categories
according to the context in which each sequence had been reported:
allergy, autoimmunity, cancer, and pathogens. We then reclassified
manually our CDR3aa sequences and those containing a motif
previously identified in a cancer patient were considered putatively
as tumor associated (named annotated sequences). Five motif-
selected sequences corresponded to TILs-CD4+ and six to TILs-
CD8+ TCRs (Table 1). Using TILs-CD4+ sequences, the number of
matches in McPAS-TCR (18) was larger in the clustered motif-

Normalized fraction of
clustered TRB CDR3aa sequences

.
h ®
s ... o200,

10.3389/fimmu.2023.1227766

selected set than in the high-frequency or public sequence sets, but
for TILs-CD8+ sequences, the larger number of matches was
obtained in the frequency >0.1% set. By manual annotation, the
number of sequences associated with the cancer motifs increased to
10 and 13 in the TILs-CD4+ and TILs-CD8+ samples, respectively
(Table 1), none of them previously reported in breast cancer
(Figures 7A, B). However, two and five sequences (from TILs-
CD4+ and TILs-CD8+, respectively) have been reported as
neoantigen-specific (Figures 7A, B). Analyzing the individual
sequences associated to each motif, we found only one sequence
from the TILs-CD4+ and from the TILs-CD8+ samples that
qualified as high frequency but they did not correspond to
sequences reported in the literature, i.e., the CASSLGGSGEQFF
carrying the SLGG%GE motif found among TILs-CD4+ in the Q14
biopsy (Figure 7C), and the CASTPNYSNQPQHEF carrying the %
NYSNQP motif that found among TILs-CD8+ cells in the QI
biopsy (Figure 7D). Among TILs-CD4+, two of the four motifs were
associated to sequences found in two different biopsies, but in the
TILs-CD8+ group, each cluster of sequences was associated to a
single biopsy (Figures 7C, D). Even if we only found a few matches
with reported sequences, clustering by motifs lead to identify more
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TRB CDR3aa motifs in TILs-CD4+ and TILs-CD8 samples. (A) Number of motifs obtained by GLIPH2 (16, 17) and the number of TRB CDR3 sequences
comprising them in the different biopsies analyzed. Normalized fractions of clustered TRB sequences in the TILs-CD4+ (B) and the TILs-CD8+ (C)
samples. A higher number of motifs composed by a higher number of sequences was obtained among TILs-CD4+ compared to TILs-CD8+ samples.
Only those motifs with a Fisher's exact test score and expansion score <0.5 were selected. Note that the absence of CD4+ and CD8+ clusters in the
BTLQ2 and BTLQ15 biopsies, respectively, was due to the lack of samples in these biopsies as purified populations could not be obtained.
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containing each motif. GLIPH2 (16, 17) was used for clustering and only those motifs with a Fisher's exact test score and expansion score <0.5 were

selected.

clonotypes than using the sets of public sequences and, in the case of
TILs-CD4+ samples, the motif clustering led to more matches than
using the frequency >0.1% set. Therefore, motif analyses offer an
advantage as a selection method by increasing the number of
candidate sequences and may be especially useful for identifying
CD4+ clonotypes.

4 Discussion

The study of the TCR has gained considerable interest in cancer
research in recent years. On the one hand, TCR is the molecule
conferring T cell specificity, so TCR analysis of TILs may be used to
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identify tumor-specific clonotypes. On the other hand, after T cell
activation through pMHC complex recognition, lymphocytes
undergo clonal expansion; therefore, all T cells will present the
same TCR, which can be monitored through TCR sequencing. TCR
repertoire analyses are mostly focused on its prognostic and/or
predictive value, both for the evolution of cancer and in response to
treatment; however, little is known about the differences between
repertoires of distinct T cell subpopulations. As the TCR is
primarily linked to the pMHC complexes, and CD4+ and CD8+
T cells recognize different MHC molecules which, in turn, present
different peptides, it would be expected that the main differences in
the TCR would be present when comparing these two cell subtypes.
Moreover, CD4+ and CD8+ T cells are transversal T cell subsets
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TRB CDR3 sequences found in the McPAS-TCR (18) database and annotated sequences using motifs. The number of appearances of sequences
described in the literature as tumor-specific, grouped by the cancer type or antigen etiology in TILs-CD4+ (A) and TILs-CD8+ samples (B).
Frequency of tumor-specific annotated sequences in the TILs-CD4+ (C) and TILs-CD8+ samples (D). Sequences with an * are those which were
described in the literature, while the others are manually annotated. The sequence in bold highlights the motif contained in that cluster and the

biopsies in which they were found are noted next to the frequency bars

expected to be present in all biopsies, unlike other cellular subsets
expressing certain markers which are not exclusive and may not be
present in all biopsies. Therefore, we compared in vitro expanded
CD4+ and CD8+ TILs from different BC subtypes to identify
differences in their TCR repertoires.

One of the main issues in obtaining TILs is the low quantity of
cells that can be extracted from a biopsy, which limits the possibility
of performing several phenotypic and functional studies in parallel.
Thus, T cells are usually expanded to obtain a higher quantity. In
our case, a limited number of T cells did not allow for separation
through a sorter to subsequently obtain a library of their TCRs.
However, during the expansions, the original repertoire could be
biased due to a greater proliferative capacity of certain clones, which
has been recently demonstrated by Poschke et al. (24). The same
authors also observed that the expansion of TILs from different
sections of the same tumor results in highly divergent repertoires.
Therefore, to overcome this limitation, small sections of the same
biopsy were cultured allowing for several TIL samples from the
same tumor, but different in their TCR repertoire and covering a
larger part of the original sample. In order to determine if in vitro
expansions modified the repertoire, biasing the results, expanded
samples were compared to those of the TILs-initial samples and to
control samples (peripheral T cells from healthy donors). It should
be noted that the method used for the expansions was not a rapid
expansion protocol (REM) nor high doses of IL-2 were used.
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Finally, data were both analyzed together and stratified by the BC
subtype (data not shown), but we did not find any significant
difterence related with the latest, therefore all data were merged.
We analyzed several CDR3 features, from which we could draw
some conclusions. First, shorter TRB NDNnt sequences were
observed in TIL-CD8+ samples, but not in the control analysis
using peripheral T cells from healthy donors, neither before nor
after expansion. Some studies have examined the CDR3 length
indicating that it is a dynamic property influenced by the
interaction of the TCR with pMHC complexes. Particularly, it has
been reported that the CDR3 undergoes a sequence-shortening
process during thymic development potentially associated with
MHOC restriction (25). While this process is supposed to occur in
all thymocytes, some studies have shown differential shortening
between the two lineages (26), suggesting that its length is
associated with differences in TCR-peptide interactions in the
binding grooves of MHC class I and class II molecules.
Additionally, Hou et al. (27) observed that naive T cells possess
larger TRB CDR3 sequences compared to memory T cells. As naive
T cells represent the entire potential repertoire, while memory cells
represent the subset that has encountered specific antigens, the
selection of clonotypes with a reduced CDR3 length among the
latter, could imply a potential relationship between shorter CDR3
length and antigen affinity. Although a direct association with
antigen recognition cannot be established, a clear distinction in
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TABLE 1 TRB CDR3aa sequences used in the McPAS-TCR database search and results obtained in each sample subgroup.

Sample group and total

Number of sequences reported in response to
different pathologies®

Number of TRB CDR3aa

number of TRB CDR3aa Subgroups sequences in the Allergy ~ Autoimmunity =~ Cancer Pathogens
sequences subgroup®

>0.1% 94 3 6 3 16 28

Public sequences | 17 0 1 2 5 8
CD4+ Clustered 126 1 6 5 12 24
(8313)

Clustered +

manual 126 2 12 10 21 45

annotation

>0.1% 153 1 12 8 35 56

Public sequences | 12 1 4 5 7 17
CD8+ Clustered 62 2 2 6 9 19
(4863)

Clustered +

manual anno- 62 6 12 13 13 44

tation

“Number of sequences introduced in the database from three different subgroups: sequences with a frequency >0.1%, public sequences and sequences clustered based on motifs.
"Number of total sequences found with a Levenshtein distance of 1 based on the type of response for which they have been reported: allergy, autoimmunity, cancer or in response to pathogens.
Sequences containing motifs described in the database were used to annotate as putatively specific all the rest of the sequences containing the same motif (annotated, grey cells).

the CDR3 length between CD8+ and CD4+ TILs was observed,
while it was not present in the peripheral compartment of healthy
individuals. This altogether may indicate that structural variations
in CDR3 length in different TIL subsets could be related to
variations in the affinity for different pMHC complexes and their
availability in the tumor microenvironment.

Regarding the biochemical CDR3aa properties, we only found a
significant difference in the charge; specifically, sequences of CD8+
TILs and control samples presented a higher frequency of amino
acids with negatively charged side chains. This property has been
previously described in peripheral T cells by another group (28).
Therefore, it was concluded that the TRB charge difference was
intrinsic to the CD4+ and CD8+ subpopulations, although the
reason for this difference in amino acid usage is unknown. Previous
studies have established that TRAV and TRBV gene frequencies are
shaped depending on MHC haplotypes (29), indicating the
involvement of MHC molecules during TCR selection. However,
it is not clear how differential amino acid usage may be involved in
TCR specificity, and current knowledge about TCR with pMHC
complex interactions is based on a few models. The study of
biochemical properties and amino acid usage has recently been
considered to improve the binding specificity predictions (30). It is
known that amino acid usage is not random, so properties
conferred by certain amino acids may be necessary for good
recognition. For example, glycine usage is higher in the TRB
CDR3 sequences, with an increasing use depending on the
sequence length, and its usage confers flexibility to the loops
formed in the CDR3, which may be related to being more prone
to poly-specificity sequences (31-33). More recently, it was reported
that hydrophobic amino acids are enriched in TRB CDR3 from
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Tregs, suggesting that this promotes enhanced recognition of self-
peptides, leading to Treg fate during thymic selection (34). In the
same study, the authors developed a scoring method based on TCR
properties to test the level of Tregs in a sample (34), evidencing that
a deeper understanding of the association between amino acid usage
and the properties they confer on the TCR could provide
information on affinity.

To date, few studies have analyzed the diversity of BC and have
presented opposing results. Some authors have reported that
intratumoral diversity is greater than in healthy tissues (35), whereas
others have observed less diverse repertoires (36). Regarding CD4+
and CD8+ diversity, some author have reported a greater CD4+
diversity in the periphery (27, 28) and similar results have been
described in lung adenocarcinoma (37), but to our knowledge, this has
not been evaluated in BC. In our TCR repertoire analysis, we observed
greater diversity in CD8+ samples when comparing CD4+ and CD8+
TILs from the same biopsy sections using both TRA and TRB
sequences. Through the control samples analysis, we ruled out that
the expansion method skewed the TCR diversity and, additionally, a
higher presence of CD4+ cells correlated with lower diversity levels in
the initial cultures. The diverse CD8+ TIL repertoire may be explained
by a less proliferative nature of CD8+ T cells compared to that of CD4
+ T cells but no differences were found in the diversity of peripheral T
cells before and after in vitro expansion, or between CD4+ and CD8+
peripheral T cells. Therefore, the higher clonality observed in the CD4
+ TILs yet from the beginning of unexpanded TILs cultures may be
related with a specific TCR recognition, which was investigated in
greater depth.

We determined whether the expanded clones had convergent or
public sequences. No significant differences were found in the level
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of convergence between CD4+ and CD8+ cells in either TILs or
peripheral T cells. In the biopsy analysis, the CR level was much
higher on TILs-CD4+ and TILs-CD8+ samples. As it was not
detected in the slice analyses or between peripheral T cells, it can
be concluded that it was a result of expansion of certain convergent
clones that were spatially distributed in the biopsies. Second, public
sequences were not more abundant among CD4+ than CD8+ TILs,
and most were not found at high frequencies. Previous studies have
shown that public sequences in BC present greater convergence
(11), which was also observed in our samples. In summary, the low
CD4+ diversity did not seem to be related to greater convergence or
expansion of public sequences.

Although the disparity in CD4+ and CD8+ TILs diversity could
not be associated to other repertoire properties, it still signified a
variation in the extent of oligoclonal expansions. Consequently, we
aimed to investigate whether there were other potential factors that
could be somehow linked to antigen recognition. In various types of
pathologies, such as autoimmunity (38) or infection (16, 39), it has
been reported the presence of 3-5-mer motifs in CDR3aa sequences
that bind the same MHC-restricted peptide antigens. Based on this,
we focused on the presence of motifs using GLIPH2 (16, 17) to
identify similar CDR3 sequences in different subsets. We observed a
higher number of motifs within TILs-CD4+ samples, composed by
more sequences and more shared between biopsies. Diversity
calculations do not take motif presence into account, as it is
determined based on sequence richness and abundance within a
sample. However, a higher inter- and intra-similarity among TILs-
CD4+ samples would correspond to the lower diversity observed, as
both suggest an increased presence of expansions that may be
attributed to antigen recognition. Further supporting this
hypothesis, it is worth mentioning that among TILs-CD8+
samples, a greater number of motifs was observed in TN biopsies.
TN tumors are known to be more immunogenic as they exhibit a
higher tumor mutational burden (40-42), which can be directly
associated with the presence of tumor antigen-specific T
lymphocytes. The higher presence of motifs in TILs-CD4+
samples may be useful for selecting potential tumor-reactive
clonotypes if, as described in other pathologies (38) (16, 39),
slightly different CDR3 sequences with identical 3-4aa motifs can
recognize the same pMHC. Based on this, we used sequences
grouped into clusters (containing motifs) and investigated
whether they had been previously described in the literature,
using the McPAS-TCR (18) database. The results obtained were
biased by the number of sequences introduced, and highly
unbalanced by a greater number of published studies focused on
CD8+ T cell investigations. However, motifs were found to be useful
for manual annotation of putative tumor-specific sequences,
especially among CD4+ TILs.

The great variability of the TCR repertoire, as well as the
complexity of its interactions with pMHC complexes, makes it
difficult to study. However, differences found between CD4+ and
CD8+ TILs could be conditioned by intrinsic recognition
characteristics within these subsets. A greater TCR similarity may
be associated with a higher promiscuity, indicating that several
similar TCRs can recognize slightly different pMHCs. The TCR
promiscuity is associated with a greater tendency for cross-
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reactivity, which is necessary to ensure an immune response
against the wide variety of pathogens and the even larger possible
derived peptides. This great variety theoretically exceeds the TCR
repertoire present in an individual (43), thus requiring the existence
of cross-reactive TCRs capable of recognizing the entire spectrum.
Given the higher functional diversity of CD4+ cells, it could be
assumed that this higher promiscuity is a characteristic of this
cellular subtype and is reflected in the tumor context through the
observation of a greater number of motifs. However, the cross-
reactivity carries the risk of generating autoimmune events, not only
directed by a specific peptide but also by the possible recognition of
several peptides, as it has been described in an NOD model of
diabetes (44) or in human multiple sclerosis (45, 46). By contrast, a
higher promiscuity would increase the likelihood of finding tumor-
specific TCRs.

Lastly, it is particularly important to consider the differential
contribution of class I and class II ligandomes. Ignoring the fact that
tumor cells may downregulate MHC-I expression, class I tumor
antigens originate from proteins within the tumor cell. If protein
abundance is not a limiting factor and it contains binding motifs for
MHC-I molecules, its presentation is feasible. On the other hand,
MHC-II presentation is limited, first, by the presence of APCs in the
tumor microenvironment; second, by the accessibility of the antigen
source protein, which is theoretically exogenous and, consequently,
must be captured, processed, and presented; and third, by the
anchoring motif of the MHC-II molecule. Considering these
differences in presentation, a neoantigen will likely be more
efficiently presented by MHC-I molecules. Conversely, antigens
more likely to be presented in the context of class II would be
overexpressed antigens. CD8+ T cells probably recognize
neoantigens with higher affinity than self-peptides because thymic
selection has supposedly eliminated clones that recognize self-
pMHC with high affinity. However, it has been shown in mice
that low-affinity CD8+ T cells are capable of generating an anti-
tumor response only in the presence of CD4+ T cells (47).

Considering all this, in tumors with a high mutational burden, it
is more likely that neoantigens that induce specific activation CD8+
T cells can be generated, even though chronic exposure can trigger
mechanisms of peripheral tolerance such as PD-1 expression. In
this case, favoring a CD8+ response, as well as the use of ICIs that
can reactivate it, can help to eliminate the tumor. In tumors in
which the antigens directing the immune response are tumor-
associated and, therefore, self-antigens, a differential presentation
associated with the dose may be necessary to break tolerance. In
these cases, activation of CD4+ T cells may occur more easily due to
less restrictive recognition. This scenario could also contribute to
Treg activation since they are known to present TCRs with a higher
affinity for self-pMHC complexes (34). Recently, Rosenberg's group
used TCR gene therapy derived from a Treg clonotype to drive the
response to the germline antigen MAGE-A3, and demonstrated its
safety and efficacy in metastatic cancers of different origins (14). In
conclusion, in this study, we found differences in the TCR repertoire
between CD4+ and CD8+ T cells, which may be associated with
their recognition abilities and cellular functions. From our results,
we can conclude that the CD4+ T cell response is more
homogeneous among individuals, whereas the CD8+ T cell

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1227766
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Aran et al.

response seems to be more limited to more immunogenic
tumors, such as TNBC. This may be especially relevant in
selecting an effective personalized treatment based on the antigen
driving the immune response: class I and class II-restricted TCRs
may be used to target tumor-specific and tumor-associated
antigens, respectively.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found below: https://www.ncbi.nlm.nih.gov/,
PRJNA925311 https://www.ncbinlm.nih.gov/, PRINA759174.

Ethics statement

Breast cancer patient biopsies were obtained from surplus
hospital material donated by Hospital Quirén of Barcelona and
Hospital Vall d’'Hebron using standard surgical procedures, with
the appropriate approval of the Ethical and Scientific Committee
of the institutions. Consent was obtained from patients according
to the local institutional review board requirements.

Author contributions

Conceptualization: AA and MM. Methodology: AA, GL, EM,
and FA. Investigation: AA, GL, EM, FA, VM, and VP. Resources:
VM, VP, MG, LG, and JP. Writing—original draft: AA and MM.
Writing—review and editing: AA, JC, and MM. Supervision: JC and
MM. All authors contributed to the manuscript and approved the
submitted version.

Funding

This project was funded by Roche Farma, S.A. grant
SP181123001, and by the Contigo Contra el Cancer de la Mujer
Foundation (#BREASTILs Project, “Functional Study of TILs from

References

1. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell (2011)
144:646-74. doi: 10.1016/j.cell.2011.02.013

2. Couzin-Frankel J. Breakthrough of the year 2013. Cancer immunotherapy.
Science (2013) 342:1432-3. doi: 10.1126/science.342.6165.1432

3. Cortes J, Rugo HS, Cescon DW, Im S-A, Yusof MM, Gallardo C, et al.
Pembrolizumab plus chemotherapy in advanced triple-negative breast cancer. N Engl
J Med (2022) 387:217-26. doi: 10.1056/NEJM0a2202809

4. Zacharakis N, Chinnasamy H, Black M, Xu H, Lu Y-C, Zheng Z, et al. Inmune
recognition of somatic mutations leading to complete durable regression in metastatic
breast cancer. Nat Med (2018) 24:724-30. doi: 10.1038/s41591-018-0040-8

5. Zhang Y, Wang S, Yang B, Lu S, Du Y, Liu H. Adjuvant treatment for triple-
negative breast cancer: a retrospective study of immunotherapy with autologous

Frontiers in Immunology

14

10.3389/fimmu.2023.1227766

breast cancer patients: an approach to personalized medicine”).
Roche Farma, S.A. funder was not involved in the study design,
collection, analysis, interpretation of data, writing of this article, or
decision to submit it for publication.

Acknowledgments

We particularly thank the patients for participating in this study
as well as healthy blood donors. We also want to acknowledge Prof.
R. Pujol-Borrell, Emeritus Professor of Immunology (UAB,
Bellaterra) and Immunology Adviser (Vall d'Hebron Institute of
Oncology, Barcelona) for the thorough revision of the manuscript.
We thank the SCAC service of the UAB (Bellaterra), especially
Manuela Costa, for their help with experimental procedures. We
acknowledge the Genomics Core Facility at the UPF (Barcelona) for
their technical support during HTS.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2023.1227766/
full#supplementary-material

cytokine-induced killer cells in 294 patients. Cancer Biol Med (2019) 16:350-60.
doi: 10.20892/j.issn.2095-3941.2018.0378

6. Dolina JS, Van Braeckel-Budimir N, Thomas GD, Salek-Ardakani S. CD8+ T cell
exhaustion in cancer. Front Immunol (2021) 12:715234. doi: 10.3389/fimmu.2021.715234

7. Xu L, Xu W, Qiu S, Xiong S. Enrichment of CCR6+Foxp3+ regulatory T cells in
the tumor mass correlates with impaired CD8+ T cell function and poor prognosis of
breast cancer. Clin Immunol (2010) 135:466-75. doi: 10.1016/j.clim.2010.01.014

8. Morgan RA, Dudley ME, Wunderlich JR, Hughes MS, Yang JC, Sherry RM, et al.
Cancer regression in patients after transfer of genetically engineered lymphocytes.
Science (2006) 314:126-9. doi: 10.1126/science.1129003

9. Rapoport AP, Stadtmauer EA, Binder-Scholl GK, Goloubeva O, Vogl DT, Lacey
SF, et al. NY-ESO-1-specific TCR-engineered T cells mediate sustained antigen-

frontiersin.org


https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1227766/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1227766/full#supplementary-material
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1126/science.342.6165.1432
https://doi.org/10.1056/NEJMoa2202809
https://doi.org/10.1038/s41591-018-0040-8
https://doi.org/10.20892/j.issn.2095-3941.2018.0378
https://doi.org/10.3389/fimmu.2021.715234
https://doi.org/10.1016/j.clim.2010.01.014
https://doi.org/10.1126/science.1129003
https://doi.org/10.3389/fimmu.2023.1227766
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Aran et al.

specific antitumor effects in myeloma. Nat Med (2015) 21:914-21. doi: 10.1038/
nm.3910

10. Parkhurst MR, Yang JC, Langan RC, Dudley ME, Nathan D-AN, Feldman SA,
et al. T cells targeting carcinoembryonic antigen can mediate regression of metastatic
colorectal cancer but induce severe transient colitis. Mol Ther (2011) 19:620-6.
doi: 10.1038/mt.2010.272

11. Gordin M, Philip H, Zilberberg A, Gidoni M, Margalit R, Clouser C, et al. Breast
cancer is marked by specific, Public T-cell receptor CDR3 regions shared by mice and
humans. PloS Comput Biol (2021) 17:¢1008486. doi: 10.1371/journal.pcbi.1008486

12. Aran A, Garrigos L, Curigliano G, Corteés J, Marti M. Evaluation of the TCR
repertoire as a predictive and prognostic biomarker in cancer: Diversity or clonality?
Cancers (Basel) (2022) 14:1771. doi: 10.3390/cancers14071771

13. Looney TJ, Topacio-Hall D, Lowman G, Conroy J, Morrison C, Oh D, et al. TCR
convergence in individuals treated with immune checkpoint inhibition for cancer.
Front Immunol (2020) 10:2985/BIBTEX. doi: 10.3389/FIMMU.2019.02985/BIBTEX

14. Lu Y-C, Parker LL, Lu T, Zheng Z, Toomey MA, White DE, et al. Treatment of
patients with metastatic cancer using a major histocompatibility complex class II-
restricted T-cell receptor targeting the cancer germline antigen MAGE-A3. J Clin Oncol
(2017) 35:3322-9. doi: 10.1200/JC0O.2017.74.5463

15. Foy SP, Jacoby K, Bota DA, Hunter T, Pan Z, Stawiski E, et al. Non-viral
precision T cell receptor replacement for personalized cell therapy. Nature (2023)
615:687-96. doi: 10.1038/s41586-022-05531-1

16. Huang H, Wang C, Rubelt F, Scriba TJ, Davis MM. Analyzing the
Mycobacterium tuberculosis immune response by T-cell receptor clustering with
GLIPH2 and genome-wide antigen screening. Nat Biotechnol (2020) 38:1194-202.
doi: 10.1038/s41587-020-0505-4

17. Glanville J, Huang H, Nau A, Hatton O, Wagar LE, Rubelt F, et al. Identifying
specificity groups in the T cell receptor repertoire. Nature (2017) 547:94-8.
doi: 10.1038/nature22976

18. Tickotsky N, Sagiv T, Prilusky J, Shifrut E, Friedman N. McPAS-TCR: a
manually curated catalogue of pathology-associated T cell receptor sequences.
Bioinformatics (2017) 33:2924-9. doi: 10.1093/bioinformatics/btx286

19. Bolotin DA, Poslavsky S, Mitrophanov I, Shugay M, Mamedov IZ, Putintseva
EV, et al. MiXCR: software for comprehensive adaptive immunity profiling. Nat
Methods (2015) 12:380-1. doi: 10.1038/nmeth.3364

20. Shugay M, Bagaev DV, Turchaninova MA, Bolotin DA, Britanova OV,
Putintseva EV, et al. VDJtools: Unifying post-analysis of T cell receptor repertoires.
PloS Comput Biol (2015) 11:¢1004503. doi: 10.1371/journal.pcbi.1004503

21. Wickham H, Frangois R, Henry L, Miiller KRStudio. dplyr: A Grammar of Data
Manipulation (2020). Available at: https://CRAN.R-project.org/package=dplyr
(Accessed 13, 2021).

22. Neuwirth E. RColorBrewer: ColorBrewer Palettes (2014). Available at: https://
CRAN.R-project.org/package=RColorBrewer (Accessed 13, 2021).

23. Conway JR, Lex A, Gehlenborg N. UpSetR: an R package for the visualization of
intersecting sets and their properties. Bioinformatics (2017) 33:2938-40. doi: 10.1093/
bioinformatics/btx364

24. Poschke IC, Hassel JC, Rodriguez-Ehrenfried A, Lindner KAM, Heras-Murillo I, Appel
LM, et al. The outcome of ex vivo TIL expansion is highly influenced by spatial heterogeneity
of the tumor T-cell repertoire and differences in intrinsic in vitro growth capacity between T-
cell clones. Clin Cancer Res (2020) 26:4289-301. doi: 10.1158/1078-0432.CCR-19-3845

25. La Gruta NL, Gras S, Daley SR, Thomas PG, Rossjohn J. Understanding the
drivers of MHC restriction of T cell receptors. Nat Rev Immunol (2018) 18:467-78.
doi: 10.1038/s41577-018-0007-5

26. Nishio J, Suzuki M, Nanki T, Miyasaka N, Kohsaka H. Development of TCRB
CDR3 length repertoire of human T lymphocytes. Int Immunol (2004) 16:423-31.
doi: 10.1093/intimm/dxh046

27. HouX, Zeng P, Zhang X, Chen J, Liang Y, YangJ, et al. Shorter TCR B-chainsare
highly enriched during thymic selection and antigen driven slection. Front Immunol
(2019) 10:299. doi: 10.3389/fimmu.2019.00299

Frontiers in Immunology

15

10.3389/fimmu.2023.1227766

28. Li HM, Hiroi T, Zhang Y, Shi A, Chen G, De S, et al. TCR repertoire of CD4+
and CD8+ T cells is distinct in richness, distribution, and CDR3 amino acid
composition. ] Leukocyte Biol (2016) 99:505-13. doi: 10.1189/j1b.6a0215-071rr

29. Sharon E, Sibener LV, Battle A, Fraser HB, Garcia KC, Pritchard JK. Genetic
variation in MHC proteins is associated with T cell receptor expression biases. Nat
Genet (2016) 48:995-1002. doi: 10.1038/ng.3625

30. Singh NK, Riley TP, Baker SCB, Borrman T, Weng Z, Baker BM. Emerging
concepts in TCR specificity: Rationalizing and (Maybe) predicting outcomes.
J Immunol (2017) 199:2203-13. doi: 10.4049/jimmunol.1700744

31. Yu K, Shi J, Lu D, Yang Q. Comparative analysis of CDR3 regions in paired
human oy CD8 T cells. FEBS Open Bio (2019) 9:1450-9. doi: 10.1002/2211-5463.12690

32. Baker BM, Scott DR, Blevins SJ, Hawse WF. Structural and dynamic control of
T-cell receptor specificity, cross-reactivity, and binding mechanism. Immunol Rev
(2012) 250:10-31. doi: 10.1111/j.1600-065X.2012.01165.x

33. Wucherpfennig KW, Allen PM, Celada F, Cohen IR, De Boer R, Garcia KC, et al.
Polyspecificity of T cell and B cell Receptor Recognition. Semin Immunol (2007)
19:216-24. doi: 10.1016/j.smim.2007.02.012

34. Lagattuta KA, Kang JB, Nathan A, Pauken KE, Jonsson AH, Rao DA, et al.
Repertoire analyses reveal T cell receptor sequence features that influence T cell fate.
Nat Immunol (2022) 23:446-57. doi: 10.1038/s41590-022-01129-x

35. Wang T, Wang C, Wu J, He C, Zhang W, Liu J, et al. The different T-cell
receptor repertoires in breast cancer tumors, draining lymph nodes, and adjacent
tissues. Cancer Immunol Res (2017) 5:148-56. doi: 10.1158/2326-6066.CIR-16-0107

36. Beausang JF, Wheeler AJ, Chan NH, Hanft VR, Dirbas FM, Jeffrey SS, et al. T cell
receptor sequencing of early-stage breast cancer tumors identifies altered clonal
structure of the T cell repertoire. PNAS (2017) 114:E10409-17. doi: 10.1073/
pnas.1713863114

37. Zhang C, Ding H, Huang H, Palashati H, Miao Y, Xiong H, et al. TCR repertoire
intratumor heterogeneity of CD4+ and CD8+ T cells in centers and margins of
localized lung adenocarcinomas. Int ] Cancer (2019) 144:818-27. doi: 10.1002/ijc.31760

38. Zheng M, Zhang X, Zhou Y, Tang J, Han Q, Zhang Y, et al. TCR repertoire and
CDR3 motif analyses depict the role of oy T cells in Ankylosing spondylitis.
EBioMedicine (2019) 47:414-26. doi: 10.1016/j.ebiom.2019.07.032

39. Johnson DB, McDonnell W], Gonzalez-Ericsson PI, Al-Rohil RN, Mobley BC,
Salem J-E, et al. A case report of clonal EBV-like memory CD4+ T cell activation in
fatal checkpoint inhibitor-induced encephalitis. Nat Med (2019) 25:1243-50.
doi: 10.1038/s41591-019-0523-2

40. Ribeiro R, Carvalho MJ, Goncalves J, Moreira JN. Immunotherapy in triple-
negative breast cancer: Insights into tumor immune landscape and therapeutic
opportunities. Front Mol Biosci (2022) 9:903065. doi: 10.3389/fmolb.2022.903065

41. Garcia-Teijido P, Cabal ML, Fernandez IP, Pérez YF. Tumor-infiltrating
lymphocytes in triple negative breast cancer: The future of immune targeting. Clin
Med Insights Oncol (2016) 10:31-9. doi: 10.4137/CMO.S34540

42. Heimes A-S, Schmidt M. Immuno-oncology in triple-negative breast cancer.
] Cancer Metastasis Treat (2021) 7:9. doi: 10.20517/2394-4722.2020.124

43. Sewell AK. Why must T cells be cross-reactive? Nat Rev Immunol (2012)
12:669-77. doi: 10.1038/nri3279

44. LiL, Wang B, Frelinger JA, Tisch R. T-cell promiscuity in autoimmune diabetes.
Diabetes (2008) 57:2099-106. doi: 10.2337/db08-0383

45. Jelcic I, Al Nimer F, Wang J, Lentsch V, Planas R, Jelcic I, et al. Memory B cells
activate brain-homing, autoreactive CD4+ T cells in multiple sclerosis. Cell (2018)
175:85-100.¢23. doi: 10.1016/j.cell.2018.08.011

46. Wang J, Jelcic I, Mithlenbruch L, Haunerdinger V, Toussaint NC, Zhao Y, et al.
HLA-DR15 molecules jointly shape an autoreactive T cell repertoire in multiple
sclerosis. Cell (2020) 183:1264-1281.e20. doi: 10.1016/j.cell.2020.09.054

47. Lyman MA, Nugent CT, Marquardt KL, Biggs JA, Pamer EG, Sherman LA. The
fate of low affinity tumor-specific CD8+ T cells in tumor-bearing mice. J Immunol
(2005) 174:2563-72. doi: 10.4049/jimmunol.174.5.2563

frontiersin.org


https://doi.org/10.1038/nm.3910
https://doi.org/10.1038/nm.3910
https://doi.org/10.1038/mt.2010.272
https://doi.org/10.1371/journal.pcbi.1008486
https://doi.org/10.3390/cancers14071771
https://doi.org/10.3389/FIMMU.2019.02985/BIBTEX
https://doi.org/10.1200/JCO.2017.74.5463
https://doi.org/10.1038/s41586-022-05531-1
https://doi.org/10.1038/s41587-020-0505-4
https://doi.org/10.1038/nature22976
https://doi.org/10.1093/bioinformatics/btx286
https://doi.org/10.1038/nmeth.3364
https://doi.org/10.1371/journal.pcbi.1004503
https://CRAN.R-project.org/package=dplyr
https://CRAN.R-project.org/package=RColorBrewer
https://CRAN.R-project.org/package=RColorBrewer
https://doi.org/10.1093/bioinformatics/btx364
https://doi.org/10.1093/bioinformatics/btx364
https://doi.org/10.1158/1078-0432.CCR-19-3845
https://doi.org/10.1038/s41577-018-0007-5
https://doi.org/10.1093/intimm/dxh046
https://doi.org/10.3389/fimmu.2019.00299
https://doi.org/10.1189/jlb.6a0215-071rr
https://doi.org/10.1038/ng.3625
https://doi.org/10.4049/jimmunol.1700744
https://doi.org/10.1002/2211-5463.12690
https://doi.org/10.1111/j.1600-065X.2012.01165.x
https://doi.org/10.1016/j.smim.2007.02.012
https://doi.org/10.1038/s41590-022-01129-x
https://doi.org/10.1158/2326-6066.CIR-16-0107
https://doi.org/10.1073/pnas.1713863114
https://doi.org/10.1073/pnas.1713863114
https://doi.org/10.1002/ijc.31760
https://doi.org/10.1016/j.ebiom.2019.07.032
https://doi.org/10.1038/s41591-019-0523-2
https://doi.org/10.3389/fmolb.2022.903065
https://doi.org/10.4137/CMO.S34540
https://doi.org/10.20517/2394-4722.2020.124
https://doi.org/10.1038/nri3279
https://doi.org/10.2337/db08-0383
https://doi.org/10.1016/j.cell.2018.08.011
https://doi.org/10.1016/j.cell.2020.09.054
https://doi.org/10.4049/jimmunol.174.5.2563
https://doi.org/10.3389/fimmu.2023.1227766
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Analysis of tumor infiltrating CD4+ and CD8+ CDR3 sequences reveals shared features putatively associated to the anti-tumor immune response
	1 Introduction
	2 Material and methods
	2.1 Breast cancer TILs samples
	2.2 Peripheral T cell samples from healthy donors
	2.3 T cell cultures and expansions
	2.4 Flow cytometry and cell sorter
	2.5 TCR library preparation
	2.6 TCR repertoire analysis
	2.7 Statistical analysis and figures

	3 Results
	3.1 Analysis of CDR3 differences between CD4+ and CD8+ TILs and peripheral T cells from healthy donors
	3.2 Diversity analysis of CD4+ TCR from TILs reveals a restricted repertoire
	3.3 The lower diversity found in CD4+ TILs could not be attributed to the expansion of public sequences or to higher convergence
	3.4 Expanded CD4+ T-TILs present similar TCRs with conserved CDR3aa motifs shared among studied patients
	3.5 TCR motifs may be used to identify tumor-reactive CD4+ T cells

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




