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BRAF inhibition improves tumor recognition
by the immune system

Potential implications for combinatorial therapies
against melanoma involving adoptive T-cell transfer
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In spite of the fact that they occur at high rates, the clinical responses of BRAF"*’ mutant metastatic melanoma to BRAF
inhibitors are usually short-lasting, with most cases progressing within less than 8 mo. Immunomodulatory strategies
initiated after progression have recently been reported to be poorly efficient. By characterizing the immunological
interactions between T cells and cancer cells in clinical material as well as the influence of the FDA-approved BRAF
inhibitor vemurafenib on the immune system, we aimed at unraveling new strategies to expand the efficacy of adoptive
T-cell transfer, which represents one of the most promising approaches currently in clinical development for the
treatment of metastatic melanoma. Here we show that blocking the BRAF-MAPK pathway in BRAF signaling-addicted
melanoma cells significantly increases the ability of T cells contained in clinical grade tumor-infiltrating lymphocytes
to recognize autologous BRAF"% mutant melanoma cell lines in vitro. Antitumor reactivity was improved regardless
of the class of antigen recognized by tumor-specific CD8" T cells. Microarray data suggests that improved tumor
recognition is associated with modified expression of MHC Class I-associated proteins as well as of heat-shock proteins. In
conclusion, our preclinical data suggest that an appropriately timed sequential treatment of BRAF/° mutant melanoma
with vemurafenib and adoptive T-cell transfer might result in synergistic antineoplastic effects owing to an increased

immunogenicity of cancer cells.

Introduction

Treatment of BRAF"’” mutant melanoma with vemurafenib
(Vem), a selective BRAF inhibitor, has been shown to result in
impressive rates (up to 50%) of objective responses and improved
progression-free and overall survival, as compared with standard
chemotherapy.! However, clinical responses to Vem are usually
short-lasting and most patients progress within less than 8 mo.?
Upon progression, patients should be offered alternative treat-
ments. Unfortunately, recent data indicate that FDA-approved
immune-activating anti-CTLA4 antibodies may have limited
efficacy if administered after post-Vem progression.” Thus, other
kinds of immunotherapy should be designed for (appropriately
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selected) melanoma patients that progress upon therapy with
BRAF inhibitors.

Adoptive T-cell transfer (ACT) with tumor-infiltrating lym-
phocytes (TILs) is another immunotherapeutic strategy in clini-
cal development for patients with metastatic melanoma. It has
been associated with a response rate of approximately 50% in
Phase II clinical trials and potentially induces durable complete
responses in a large fraction (up to 20%) of treated patients,
regardless of BRAF mutational status. ACT may therefore
obtain regulatory approval as a standard treatment within the
next few years.’

Recent studies have shown that BRAF-targeting agents do not
affect the viability and functionality of T lymphocytes when used
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at therapeutic doses,*® suggesting that a combination of BRAF
inhibitors and immunomodulatory therapies is feasible. In addi-
tion, melanoma cells treated with the selective BRAF inhibitor
PLX4720 may be more visible to the immune system as this drug
directly stimulates the expression and presentation of melanoma-
differentiation antigens (MDAs),® recognized by a subset of anti-
tumor T cells that we and others have shown to be commonly
found in TIL products for ACT.>'® Moreover, Koya et al. have very
recently demonstrated that a combination regimen involving Vem
plus ACT with lymphocytes genetically modified to express a T-cell
receptor (TCR) that recognizes chicken ovalbumin expressed by
SM1-OVA tumors or gpl00 (an MDA) endogenously expressed by
murine melanoma SM1 cells, exerts superior antitumor effects in
vivo as compared with either agent alone."! However, current ACT
protocols are based on the recognition of multiple classes of tumor-
associated antigens (TAAs), including differentiation, cancer-tes-
tis, mutated and overexpressed antigens as well as a large array of
uncharacterized antigens that may account for up to 50% of the
whole cell population in clinical grade TIL products.”!®!?

In order to verify whether a combination of BRAF-blocking
agents and ACT may have direct synergistic effects against mela-
noma, we have studied in vitro tumor recognition by clinically
relevant TIL preparations after the blockade of BRAF signaling
in BRAF"" mutant autologous melanoma cells. Subsequently,
we characterized tumor-specific immune responses against
selected differentiation, cancer-testis and overexpressed antigens.

Results

BRAF inhibition promotes the recognition of autologous mela-
noma cells by clinical grade TILs. Twenty-two independent
clinical grade TIL cultures generated either with the standard or
with the “young TIL” method were obtained from five patients
bearing BRAF""F mutant metastatic melanoma. These TILs
were tested in co-culture assays with autologous, short-term cul-
tured melanoma cell lines. Target cells were pre-treated with Vem
at low (approximately corresponding to the 50% growth inhibi-
tory, GL , concentration) or high doses (close to the maximal
drug effect). Figure S1 depicts the sensitivity of the melanoma
cell lines used in this study to Vem.

Treatment with Vem significantly increased the frequency of
TILs recognizing autologous melanoma cells and responding to
them by producing Type 1 helper cytokines (Fig. 1A) or by mobi-
lizing cytotoxic granules (Fig. 1B), confirming the polyfunction-
ality of newly-induced responses.

Effects of BRAF inhibition on TILs enriched in tumor-
specific cells. Unselected clinical-grade TILs apparently contain
only a small fraction of tumor-specific T cells and can include
CD8* T cells specific for non-tumor associated viral antigens.’
Therefore, the antitumor effects resulting from an improved rec-
ognition of cancer cells by T cells (Fig. 1) may be diluted by large
amounts of non-tumor specific T cells.

To further scrutinize the effects of BRAF blockade on tumor
recognition, we performed additional experiments using TIL
preparations that were highly enriched in tumor-specific T cells.
These TILs were produced either with conventional methods
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Figure 1. BRAF inhibition improves autologous tumor recognition

by CD8* tumor-infiltrating lymphocytes. (A and B) Tumor-infiltrating
lymphocytes (TILs) were co-cultured with autologous BRAF"*?¢ mutant
melanoma target cell lines treated with vemurafenib (Vem) at low or
high dose, or left untreated. (A) Frequency of tumor necrosis factor «
(TNFa)- and interferon -y (IFNvy)-producing CD8" TlLs. (B) Frequency

of CD8* TlLs producing TNFa and IFNy and simultaneously mobilizing
CD107a upon co-culture with autologous tumor cells. *p < 0.05; ** p <
0.01; ***p < 0.001.

(standard TILs) and cultures selected based on a high frequency
of in vitro tumor-reactive T cells or upon flow cytometry based
sorting of tumor-specific T cells from TIL bulk cultures (based
on CDI107a expression upon co-culture with autologous tumor
cells), followed by one cycle of rapid expansion protocol (REP),
as required for clinical purposes. As expected, improved tumor
recognition was more evident in this setting than with unselected
TILs (Fig. 2A and B). Of note, in some cases, a dose-dependent
increased recognition could be evidenced (Figs. 1A and 2A).
BRAF inhibition increases T-cell recognition of different
classes of tumor antigens. We have previously reported that
clinical grade TILs may contain T cells specific for different
classes of TAAs.”!> Therefore, to further dissect the antitumor
immune responses elicited by BRAF inhibition, we assessed the
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Figure 2. Effects of BRAF inhibition on tumor recognition by tumor-infiltrating lymphocytes highly enriched in antitumor T cells. (A and B) Two repre-
sentative tumor-infiltrating lymphocyte (TIL) products containing a high frequency of tumor-specific cells were co-cultured with autologous BRAF"5%%¢
mutant melanoma target cell lines as described in Materials and Methods. Plots show the frequency of tumor necrosis factor a (TNFa)- and interferon -y
(IFNy)-producing CD8* TILs upon co-culture with autologous tumor cells, which was largely increased by BRAF inhibition. (A) TILs produced with con-
ventional methods with a high frequency of in vitro reactive T cells. (B) TILs produced with FACS-sorting of tumor-specific T cells from TIL bulk cultures

(based on CD107a expression upon co-culture with autologous tumor cells), followed by one cycle of rapid expansion protocol (REP).

ability of Vem to increase tumor recognition by T cells specific
for defined TAAs, using combined fluorochrome-conjugated
peptide-HLA multimers and intracellular cytokine staining.

MDAs. TILs enriched in T cells specific for the HLA-A2-
restricted MART-1/Melan-A-derived peptide ELAGIGILTV
(ELA) and for the gp100-derived peptide YLEPGPVTA generated
from Patient 5 were available for analysis. In line with previous
reports by Boni A et al.,® our data indicate that BRAF inhibition
increases the recognition of one BRAF"*’* mutant melanoma cell
line (FM92) by allogeneic T cells specific for MDA, although
apparently at a lower extent than what observed earlier (Fig. 3A).

In addition, we tested the effects of BRAF inhibition on
BRAF""% mutant cell lines. In this setting, T-cell recognition
was increased to a very high extent for the cell line FM88, indi-
cating that improved antigen-presentation may occur also in
cancer cells harboring this mutation. However, no increase was
observed for the cell line FM57. This latter cell line was consti-
tutively recognized by a very high frequency (over 60%) of both
MART-1- and gp100-specific T cells (Fig. 3A).

When both MART-1- and gpl00-specific T cells were
tested in co-culture assays with autologous short-term cultured
BRAF""* mutant tumor cells, no recognition was detected
both in the absence and in the presence of Vem. PCR analyses
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revealed that the tumor cell line expressed both MART-1 and
gp-100 (data not shown). However, this finding is not surprising
in view of the fact that our group has previously shown that the
wild-type immunodominant MART-1 epitope EAAGIGILTYV is
not presented on the surface of many melanoma cell lines despite
antigen expression.' Probably, this situation reflects a process
of immunoediting that has lead to BRAF inhibition-insensitive
defects in antigen presentation.

Alrogether, these data suggest that the recognition of MDAs
expressed on melanoma cells can be enhanced by BRAF inhi-
bition only when tumor recognition is constitutively present to
some extent. This finding is particulatly striking in view of the
close association between antigen-specific T-cell reactivity in
TILs and antigen expression in fresh tumor samples,'® because it
highlights the relative importance of functional assays to detect
tumor-specific responses.

Overexpressed antigens. Antigen isolated from immunose-
lected-melanoma (AIM-2) is a widely expressed tumor antigen,
which can be found in melanoma as well as tumors of other histo-
logical origin.” Therefore, we have generated HLA-A1-restricted
T cells specific for the non-spliced AIM-2-derived peptide
RSDSGQQARY, starting from pre-REP TILs as obtained from

one patient with metastatic melanoma (the autologous melanoma
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cultured with BRAFY*°F mutant autologous melanoma cells.

Figure 3. Effects of BRAF inhibition on tumor recognition by tumor-infiltrating lymphocytes specific for defined tumor-associated antigens. (A and B)
Tumor-infiltrating lymphocytes (TILs) enriched in CD8* T cells specific for defined melanoma differentation antigens (MART-1 and gp100), over-
expressed (AIM-2) or cancer-testis (TAG) antigens were co-cultured with BRAF"?¢ (FM92, cell line Pt. 2 and Pt. 4) or BRAF*?* (FM57 and FM88) mutant
melanoma cell lines as indicated in Materials and Methods. Simultaneous tumor necrosis factor a (TNFa) and interferon vy (IFNvy) production of antigen-
specific CD8* T cells was analyzed with combined fluorochrome conjugated peptide-HLA multimers and intracellular cytokine staining. (A) Frequency
of antigen-specific T cells co-cultured with vemurafenib (Vem)-treated or untreated cell lines. (B) TILs specific for the cancer-testis antigen TAG co-

cell line from this patient was not available) and tested in co-
culture assays with short-term cultured allogeneic BRAF'60%
mutant cell lines from Patients 1, 2, 3 and 4 (all of which were
HLA-A1"). AIM-2-specific T cells recognized a single cell line
(from Patient 2), and tumor recognition was increased by the
pre-treatment of melanoma cells with Vem (Fig. 3A).

Cancer-testis antigens. TAG genes encoding the shared cancer-
testis antigens TAG-1 and TAG-2 are expressed in an unusually
high percentage of melanoma patients (over 80%).'° T1Ls specific
for the HLA-A3-restricted TAG-derived peptide RLSNRLLLR
were generated from Patient 4, and tested in co-culture with
short-term cultured autologous BRAF" mutant cancer cells.
Importantly, recognition by antigen-specific T cells was aug-
mented in an autologous setting (Fig. 3A and B).

www.landesbioscience.com
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Changes in gene expression upon increased antigen recogni-
tion as induced by BRAF inhibition. In an attempt to decipher
the mechanisms responsible for the enhanced immunogenicity of
melanoma cells subjected to BRAF inhibition, we have analyzed
two publicly available cDNA microarray data sets from several
established malignant melanoma cell lines treated with DMSO
or with either 0.25 or I pM of Vem. Among the genes screened,
we have selected two gene sets that are likely to be involved in
tumor recognition.

We have recently compiled a list of all described TAAs.” The
first gene set was derived from 68 antigens (among the indi-
cated 230 TAAs) whose immunogenicity has previously been
described in melanoma (Table S1). The second gene set was
derived from the “Antigen Processing and Presentation” pathway
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Figure 4. Expression analysis of genes associated with the immune response upon BRAF inhibition. (A-D) The two independent data sets GSE20051
and GSE24862 containing gene expression data from malignant melanoma cell lines treated with vemurafenib (Vem) were analyzed as described in
Materials and Methods. Hierarchical clustering of significantly modulated genes in the TAAs (A and B) and in the MHC class | antigen processing and
presentation pathway gene sets (C and D), as found in the GSE20051 (A and C) and GSE24862 (B and D) data sets.

of the KEGG database, and included genes involved in the MHC
Class I-restricted antigen presentation process (Table S2).

Of the 68 TAAs, 37 and 48 were annotated in the GSE20051
and GSE24862 datasets, respectively. Upregulated TA A-encoding
genes included MLANA, RAB38 and PRAME in GSE20051
and MUMI, PRAME, BIRC5 and RAB38 in GSE24862.
Downregulated genes included EPHA2, SNRPDI, WDR46 and
MCIR in GSE200051, BIRC7 and EPHA in GSE24462, respec-
tively (Fig. 4A and B). With regard to the MHC Class I antigen
presentation pathway, among 32 genes selected 23 and 14 were
annotated in the GSE20051 and GSE24462 data sets, respec-
tively. Upregulated genes included HLA-G, PDIA3, HLA-F,
PSME]I, HLA-E, CREBI, LGMN and TAPBP in GSE20051 and
HSP90AAIL HSP90AA2, CALR, CANX, HSPA2, B2M, CREBI
in GSE24862. Downregulated genes encompassed PSME3,
HSPAS, NFYA, HSP90ABI, HSPA6, NFYB, HSP90AAI
and HSPA5 in GSE20051 while PSM3 only was observed in
GSE24862 (Fig. 4C and D).

Discussion

Nowadays, patients bearing BRAF*** mutant melanoma are in
most cases offered first-line treatment with Vem. However, slowly
progressing and asymptomatic patients could also be good candi-
date for immunotherapy. In particular, in the future ACT might
become an alternative treatment for patients with a surgically
resectable lesion and a good performance status.’

Constitutive activation of the BRAF-MAPK signaling path-
way has previously been identified as one major mechanism of
immune evasion by human melanoma,” and BRAF-targeted
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therapy has been linked to increased infiltration of tumors by
T cells," pointing to this pathway as to a potential target for over-
coming cancer immune escape.

The data presented in this report suggest that an appropri-
ately timed sequential treatment with Vem and ACT might
result in synergistic antitumor effects. Moreover, the use of
ACT may (at least theoretically) clear all the possible occult
sites of disease including early foci of resistant (or partially
resistant) cells that would be responsible for relapse after an
initial response to the Vem-based monotherapy. In this regard,
ACT could help consolidating the beneficial anticancer effects
of Vem and significantly improve the long-tem prognosis of
melanoma patients.

Indeed, apart from the well-known effects of BRAF inhibitors
leading to cell cycle arrest and apoptosis,” our data prove that
Vem additionally exert potent effects on BRAF"”F mutant can-
cer cells, leading to improved antigen presentation and eventually
recognition by T cells that do not appear to be restricted for any
particular class of TAAs. Of note, clinical grade ACT products
contain CD8* T cells specific for several classes of TAAs.”

The BRAF"% mutation accounts for about 10% of all
BRAF" mutations, and recent data indicate that Vem can
induce objective responses in patients bearing this mutation.">%
Here, we additionally show that Vem may exert immunosensitiz-
ing effect also in BRAF*"’* mutant melanoma cells.

By using a meta-analysis approach, we have studied the factors
that may be responsible for the observed increased recognition
of melanoma cells treated with Vem. To this aim, we have ana-
lyzed two publicly available cDNA microarray data sets on Vem-
treated melanoma cell lines. Although in the platforms used to
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perform the analysis cell lines and drug concentrations were dif-
ferent as compared with those used in our study, we were able to
discriminate possible factors involved in the enhanced immune
recognition of melanoma cells after treatment with Vem.

The analysis of the expression of melanoma-associated anti-
gens revealed a significant upregulation of RAB38 and PRAME,
in both data sets. However, we were not able to detect specific
responses to any of these two antigens in TIL cultures, nei-
ther in this study or previously.” Limitations of currently avail-
able libraries allowed us to include only one RAB-38 and four
PRAME-derived peptides in our screening for melanoma associ-
ated epitopes, invariably restricted for HLA-A2. However, many
patients screened in this study or previously were HLA-A2".
Therefore, the contribution of T cells specific for these antigens
to the observed increased autologous tumor recognition could
not be established in this study. Of note, our results suggest not
only that BRAF inhibition may synergize with ACT but also that
novel vaccination approaches specifically targeting RAB38 or
PRAME may additionally benefit from a combination therapy.
Interestingly, immunization strategies with RAB38 (ISRCTN
trial identifier: ISRCTN21224989) or PRAME* are already
being tested as monotherapy in clinical trials.

Conversely, in both data sets a significant downregulation of
the EPHA2 tumor antigen was observed, but—again—the spe-
cific contribution of EPHA2-specific T cells could not be estab-
lished. On the other hand, the analysis of the genes associated to
the MHC Class I-restricted antigen processing and presentation
pathway revealed differences between the two data sets, although
one major problem was represented by a great number of anno-
tated genes missing in GSE24862. In both data sets, a significant
downregulation of PSME3 was observed.

In contrast, a upregulation of MHC
Class I-associated as well as HSP-coding genes was observed
in both data sets. Notably, HSPs are involved in chaperoning
proteins to degradation and in funneling the relevant degrada-
tion products to the MHC Class I presentation pathway.*>*
Theoretically, their increased expression may be linked to the
situation of stress induced by BRAF inhibitors in cells that oth-
erwise exhibit a constitutive activation of this signaling pathway.

Although MHC Class I upregulation has not been recog-
nized previously as a feature of BRAF"**” mutant melanoma cells
responding to BRAF inhibitors,® this modulated expression of
significant genes associated with MHC Class I antigen process-

significant

ing and presentation pathways may explain the observed (appar-
ent) non-antigen class-restricted improved tumor recognition.

In conclusion, this report further supports the concept of
combining BRAF-targeted agents and immunotherapies, espe-
cially ACT. Recently, two trials assessing the clinical efficacy
of this combination were initiated (clinicaltrials.gov identifier:
NCTO01585415 and NCT01659151). We expect that this study

will provide clinical evidence on the feasibility of this approach.
Materials and Methods

Tumor specimens. All the materials were obtained after approval
by the Scientific Ethics Committee for the Capital Region of

www.landesbioscience.com
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Denmark. Written informed consent was obtained from patients
before any procedure, according to the Declaration of Helsinki.

TIL generation and melanoma cell lines. Clinical grade TILs
were generated as previously described with a two-step method.
Several TILs were produced from each patient, either with the
standard or the “young TIL” procedure. Each TIL culture was
considered “independent” from the others, because they were
generated by starting from different tumor fragments which were
kept separated during the entire process of clinical-grade TIL
generation.

Autologous short-term melanoma cell lines were established
from additional tumor fragments originating from the same
lesions used for TIL generation by serial passage of adherent cells,
as previously described.? BRAF mutational status testing was per-
formed at the Department of Pathology, Copenhagen University
Hospital at Herlev by Pyrosequencing technology using primers
as described by Richman et al.” We used a Pyromark Q24 with
a sensitivity of 5% to detect mutations. Vem was obtained from
Selleckchem (S1267). Sensitivity to Vem was tested in a flow-
cytometry based cell proliferation assay after 72 h of exposure to
various drug concentrations, as previously described.'? The sen-
sitivity of the melanoma cell lines used in this study to Vem is
shown in Figure S1.

We generated short-term melanoma cell lines bearing the
BRAF" mutation and relevant clinical grade TIL culture from
five patients with AJCC Stage III or IV melanoma. A total of
22 independent clinical grade TIL cultures were produced: four
from Patient 1; four from Patient 2; three from Patient 3; seven
from Patient 4; four from Patient 5. HLA-A typing (performed at
Herlev Hospital by PCR on selected HLA-A alleles) revealed the
following HLA-A distribution: Patient A1*, A24*; Patient 2 Al*,
A37; Patient 3 Al*; Patient 4 Al*; A3*; Patient 5 A2".

Cell lines FM57 (BRAF"*"’K), FM88 (BRAF"*"’X) and FM92
(BRAF"%) (from the ESTDAB, see http://www.ebi.ac.uk/ipd/
estdab/ for further information) were a gift of Straten PT. All
three cell lines were HLA-A2* and expressing high levels of both
MART-1 and gpl00 (refer to ESTDAB database). Information
on the BRAF mutational status of these cell lines was obtained
from Jonsson et al.2

TILs from the five patients included in this study, or obtained
previously both from patients bearing BRAF"% mutant or wild-
type melanoma, were screened for T-cell responses against known
TAAs by combinatorial encoding of fluorochrome conjugated
peptide-MHC multimers, as previously described.?” Subsequently,
TIL cultures enriched in defined antigen-specific CD8* popula-
tions were produced by FACS-sorting (on a FACSAria instru-
ment, BD) of specific T cells from pre-REP cultures, followed by
one cycle of REP, performed as previously described.?* By doing
so, these “enriched” TILs were comparable in number of in vitro
proliferation cycles and differentiation state to regular clinical
grade non-selected TILs which are used for patient treatment.

Antitumor activity of TILs. The following fluorochrome-
conjugated antibodies were used for flow cytometry: anti CD8-
PerCP (345774), CD4-FITC (345768), CD107a-PE (555801),
[ENvy-PeCy7 (557643); TNFa-APC (554514); TNFa-PE
(340512) (all from BD). Fixation/Permeabilization Buffer
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(00-5223-56 and 00-5123-43), Permeabilization Buffer (00-
8333-56) and Fixable Viability Dye eFluor® 450 (65-0863-14)
were from Ebiosciences, GolgiPlug was from BD (555029).
Fluorochrome conjugated (PE or APC) peptide-HLA multimers
were produced in house, as previously described.?

Analysis of antitumor activity was performed as previously
described.** Autologous or HLA-A-matched cancer cells used as
targets were pretreated with the BRAF selective inhibitor Vem
at a dose around the predicted GL (between 100 and 250 nM)
or which induced an effect close to the maximum (1-2 wM).
These doses were chosen on the basis of cell sensitivity to the
drug (Fig. S1). Allogeneic cell lines were considered HLA-A-
matched when they had at least one HLA-A allele in common
with the relevant TILs. Antitumor responses of CD8* TILs spe-
cific for defined tumor antigens were evaluated with combined
intracellular cytokine and fluorochrome conjugated peptide-
MHC multimer staining, as described.” In selected experiments
(all those involving the cell line from Patient 3), cancer cells
were concurrently treated with 100 IU/mL IFNy (Imukin, from
Bochringer-Ingelheim) to increase in vitro antigen processing
and presentation, as previously described.'?

Fluorescence data were acquired using a BD FACSCanto 11
flow cytofluorometer. At least 100 000 live TILs were acquired.
Analysis was performed with BD FACSDiva Software.

The D’Agostino-Pearson normality test was performed to
check for normal distribution of the values. Differences between
different groups were compared with two-tailed Stundet’s t-tests
for paired data and Wilcoxon matched pairs tests (comparison
with Vem-treated or untreated) for normally or non-normally
distributed sets of data, respectively. Statistical analyses were per-
formed with GraphPad Prism 5 (GraphPad Software).

Microarray data processing and analysis. Two independent
data sets (GSE20051 and GSE24862) containing gene expression

data from malignant melanoma cell lines treated with Vem were
identified in the Gene Expression Omnibus (GEO) databank.
Raw data files. (CEL files) were normalized using the RMA algo-
rithm followed by gene-wise mean centering. Normalized data
were annotated using the corresponding platform annotation
files available from GEO and multiple probes collapsed by aver-
aging the expression values across the probes.

Two manually curated gene signatures were used for the anal-
ysis. The first gene signature included all the melanoma genes
known to be immunogenic. The second gene signature belonged
to the MHC Class I antigen processing and presentation pathway
and was derived from the “Antigen Processing and Presentation”
pathway of the KEGG database (please visit www.genome.jp/
kegg/ for further information).

Statistical analyses on the available genes were performed
using two class-paired. Significance analyses of microarrays and
unsupervised hierarchical clustering of significant genes were exe-
cuted using the Pearson’s correlation as similarity measurement.
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