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Abstract

Introduction Immunization with autologous dendritic
cells (DCs) loaded with a heat shock-conditioned alloge-
neic melanoma cell lysate caused lysate-specific delayed
type hypersensitivity (DTH) reactions in a number of
patients. These responses correlated with a threefold pro-
longed long-term survival of DTH™ with respect to DTH™
unresponsive patients. Herein, we investigated whether the
immunological reactions associated with prolonged sur-
vival were related to dissimilar cellular and cytokine
responses in blood.

Materials and methods Healthy donors and melanoma
patient’s lymphocytes obtained from blood before and after
vaccinations and from DTH biopsies were analyzed for T
cell population distribution and cytokine release.
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Results/discussion Peripheral blood lymphocytes from
melanoma patients have an increased proportion of Th3
(CD4" TGF-B™) regulatory T lymphocytes compared with
healthy donors. Notably, DTH" patients showed a threefold
reduction of Th3 cells compared with DTH™ patients after
DCs vaccine treatment. Furthermore, DCs vaccination
resulted in a threefold augment of the proportion of IFN-y
releasing Thl cells and in a twofold increase of the
IL-17-producing Th17 population in DTH* with respect to
DTH™ patients. Increased Th1 and Th17 cell populations in
both blood and DTH-derived tissues suggest that these
profiles may be related to a more effective anti-melanoma
response.

Conclusions Our results indicate that increased proin-
flammatory cytokine profiles are related to detectable
immunological responses in vivo (DTH) and to prolonged
patient survival. Our study contributes to the understanding
of immunological responses produced by DCs vaccines and
to the identification of follow-up markers for patient outcome
that may allow a closer individual monitoring of patients.

Keywords Dendritic cells - Melanoma vaccine - Th17
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Introduction

Dendritic cell (DCs)-based cancer immunotherapy consti-
tutes a rising alternative for the treatment of a number of
solid tumors [1]. The goal of this therapeutic approach is to
activate a T cell-mediated immune response against tumor-
associated antigens (TAA) in order to eliminate tumor
cells. Recently, Sipuleucel-T, a type of active cellular
immunotherapy, demonstrated its effectiveness in reducing
the risk of death in metastatic castration-resistant prostate
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cancer patients, raising the interest
improved cancer DCs vaccines [1, 2].

However, early clinical trials have shown that DCs
immunization, although capable of inducing detectable
specific T cell activation, showed poor correlations with
objective clinical responses in patients with metastatic
lymphoma, melanoma, and prostate cancer [3, 4]. Partic-
ularly, synthetic peptides-loaded DCs are not enough in
raising significant therapeutic effects [5-8]. For that rea-
son, DCs loaded with allogeneic tumor lysate had consti-
tuted an improved way of inducing TAA-specific immune
activation and objective clinical responses in treated
patients [9-12]. In this regard, one explanation can be
related to some properties of tumor cell lysates, which not
only provide specific TAA, but also additional danger
signals that improve DCs activation and generate a more
efficient immunization [13]. In general, the major clinical
impact of DCs vaccines has been associated more with
prolonged overall patient survival than with objective
tumor regressions [12—-16]. However, in some studies, it
has been observed that cellular immunotherapy has potent
effects prolonging patient survival only in a subgroup of
patients, but leaving an important group of patients without
clinical benefits [12, 13, 17]. The fact that not all treated
patients showed the same therapy outcome after identical
treatment encourages the search of better molecular and
cellular methods that allow the monitoring of clinical and
immunological responses [18, 19]. Therefore, the search
for predictive biomarkers for identifying patients who
benefit from therapies is the current challenge for cellular
immunotherapy [20].

One important aspect is related with the type of
immunological response generated by different immuno-
therapies. Currently, there is a consensus that the induction
of Thl profiles or T cell release of cytokines such as IFN-y
and TNF-a is essential to the development of an effective
anti-tumor immune response [21-23]. The role of other T
helper lymphocyte populations and cytokine profiles in the
regulation of the immune response against tumors is cur-
rently being explored [24]. Particularly, the role of Th17
subpopulations in cancer has not yet been clearly estab-
lished. Some evidence in the murine system indicates
that IL-17 may promote angiogenesis and tumor growth
[25, 26]. However, Th17 lymphocytes are significantly
increased in peripheral blood of patients with ovarian
carcinoma, prostate cancer, breast, myeloma, lymphoma,
colon, gastric, renal, pancreas, lung, and leukemia, and
they have been associated with improved tumor regression,
suggesting the participation of this subpopulation of T cells
in the tumor-associated immune response [27-31].

In line with this, the presence of regulatory T cells has
been associated with cancer progression and poor prog-
nosis [32]. These populations have been identified in blood,

for developing
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lymph nodes, ascites, and tumor tissue in different types of
cancer [33-35]. Inhibitory cytokines such as TGF-f are
elevated in the serum of patients with prostate cancer,
pancreatic cancer, breast carcinoma, and melanoma [36,
37]. For example, it has been proposed that TGF-3 impairs
the effectiveness of immunotherapy with DCs [38] by
inhibiting antigen presentation and the migration of these
cells into the lymph nodes [38, 39]. Moreover, the blockade
of tumor-derived TGF- enhances antitumor immunity
induced by DCs vaccines [40, 41].

We recently demonstrated the clinical utility of heat
shock-conditioned tumor cell lysate DCs-based therapy
for improving survival in patients with stage IV mela-
noma [12, 13]. Our results showed that 60 % of patients
developed a melanoma antigen-specific DTH reaction
associated with a threefold prolonged survival compared
with non-responder patients [12, 13]. Additionally, the
analysis of regulatory T cell populations in the blood of
treated patients showed that DTH responder patients have
a fivefold reduced proportion of TGF-B" regulatory T
cells compared with DTH™ patients at the end of the
treatment [12].

Herein, we studied cellular and soluble factors present in
the blood from treated melanoma patients, which may be
involved in the differential clinical outcome observed
between DTH' and DTH™ vaccinated patients, in order to
identify immunological markers relevant for both progno-
sis and monitoring of the immune and clinical responses of
patients treated with DCs-based immunotherapy.

Materials and methods
Patients and healthy donors

Sixty melanoma patients were vaccinated with TAPCells
and followed up from April 2002 until March 2009,
according to a previously described protocol [12, 13]. The
study was performed in agreement with the Helsinki
Declaration and approved by the Bioethical Committee for
Human Research of the Faculty of Medicine, University of
Chile. All patients signed an informed consent. The
inclusion criteria for the clinical protocol included (1)
histological verified melanoma, (2) Eastern Cooperative
Oncology Group (ECOG) performance status of 2 or less,
(3) white blood cells and platelets normal counts, sero-
negative to HIV, Hepatitis B and C. A retrospective anal-
ysis was performed using frozen PBMCs from 28 of those
patients. PBMCs from healthy donors paired by gender and
age were used as a control group. The Bioethical Com-
mittee for Human Research of University of Chile
approved the study. Patients and healthy donors needed to
understand and sign an informed consent statement.
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TRIMEL cell lysate

TRIMEL is a cell lysate derived from three allogeneic
melanoma cells lines Mell, Mel2, and Mel3, established
from metastatic lymph nodes at the Institute of Biomedical
Sciences at University of Chile. Tumor cell lines were heat
shocked at 42 °C for 1 h, incubated 2 h at 37 °C, mixed in
equal numbers, and then lysed trough repeated freeze—thaw
cycles in liquid nitrogen. TRIMEL was then sonicated and
irradiated (60 Gy). The protein concentration of the lysate
was estimated after dilution in AIM-V medium by the
Bradford’s method using a Biophotometer (Eppendorf,
Hamburg, Germany).

DCs generation and inoculation

Peripheral blood mononuclear cells (PBMC) were obtained
from leukapheresis at the Blood Bank Service of Univer-
sity of Chile Clinical Hospital. DCs were generated and
characterized as described previously in Lopez et al. [12].
Briefly, adherent monocytes isolated from melanoma
patient’s PBMC were cultured in serum-free AIM-V
medium (Invitrogen) with rhIL-4 (500 U/mL; US-Biolog-
ical), and thGM-CSF (800 U/mL; Schering Plough) for
22 h, and then stimulated for 24 h with TRIMEL (100 pg/
mL) alone or plus thTNF-o (20 U/mL; US-Biological).
Patients were inoculated by intradermal injection (id) in the
leg or arm closest to intact lymph nodes with 1 mL of
TRIMEL/DCs plus Keyhole limpet hemocyanin (KLH,
100 pg; Calbiochem, San Diego, CA). The inoculation
protocol consisted of four doses injected on days 0, 10, 30,
and 50. At the end of the therapy, we evaluated the
immunological response with delayed hypersensitivity test.

Delayed test hypersensitivity

DTH reactions to the TRIMEL were assessed 1 month after
the end of the therapy. Skin tests were performed by
intradermal injection of 150 pL of TRIMEL lysate (2 mg/
mL), 100 uL of control antigens KLH (1 mg/mL), or
MULTITEST cell-mediated immunity (CMI; Pasteur-
Mérieux, Lyon, France) in saline solutions at different
locations of the arm. Saline solution alone (100 pL) was
used as a negative control. A positive reaction was defined
as skin erythema or induration larger than 5 mm at 48 h
after injection.

DTH biopsies

An 8-mm excision was extracted from induration zone of
DTH reaction, using a disposable punch (Delasco). Half of
the tissue sample was fixed in paraformaldehyde 1 %, and
paraffin-embedded specimens were immunostained for

immunofluorescence. T cells were isolated from the other
half by mechanical disruption and expanded with IL-2
(250 U/mL) for 3 weeks and then analyzed by flow
cytometry after re-stimulation with PMA as described
below.

Immunofluorescence

The DTH samples in paraffin consisted of slides of 3-um
thickness and incubated with the following combinations
of antibodies diluted in blocking solution overnight at
4 °C: (1) mouse anti-CD4 (4B12) (Dako, Denmark dt,
Germany) and rabbit anti-IFNy (ab25101) (Abcam, UK),
(2) Rabbit anti-CD4 (SP35) (Bio SB, Santa Barbara, CA.
USA) and goat anti-IL-17 (AF-317-NA) (R & D Systems,
MN, USA). The samples were washed with PBS and
incubated with the following secondary antibodies, Alexa
Fluor 546 Donkey anti-mouse, Alexa Fluor 488-Chicken
anti rabbit, and Alexa Fluor 546 Donkey anti-goat
(Molecular Probes, Invitrogen, Eugene, OR, USA). The
samples were mounted with fluorescence mounting med-
ium (Dako, Carpinteria, CA, USA). The observation and
photographic documentation was performed in the confo-
cal microscope LSM 5 Pascal software run by Axiovert
(Carl Zeiss, Jenna).

Enzyme-linked immunosorbent assay (ELISA)

Serums were obtained from healthy donors, DTH™ patients
and DTH™ patients, before (untreated) and after a complete
immunotherapy cycle (treated). Interferon gamma was
measured using the ELISA KIT II (BD OptEIATM), TGF-
B1 soluble protein levels was measured using the ELISA
Quantikine Kit (R&D Systems, Minneapolis, MN)
according to the manufacturer’s specifications, and IL-17
was measured using an Human IL-17A High Sensitivity
ELISA (eBioscience). The samples were read using an
ELISA reader (TermoLabsystems, Helsinki, Finland) at
405 nm.

Flow cytometry analysis

PBMC were obtained from 8 DTH™ patients and 8 DTH™
patients before (untreated) and after a complete immuno-
therapy cycle (treated) and from 12 healthy controls, as
previously described [12, 13]. DTH-derived T cells were
obtained from a biopsy and expanded in RMPI medium
with 250 U/mL IL-2 (proleukin, Novartis) during 3 weeks.
Thl (CD4'IFN-y"), Th17 (CD4"IL-17"), and Th3
(CD4"TGF-B™") profiles were evaluated in PBMC and in
cells derived from DTH biopsies. Briefly, IFN-y and IL-17
analysis was performed previous stimulus with PMA
(50 ng/mL) and ionomicyne (1 pg/mL) in the presence of

@ Springer



764

Cancer Immunol Immunother (2013) 62:761-772

Brefeldin A (1 pg/mL, eBioscience, SanDiego, CA) for
5 h. Cells were incubated with anti-CD4-FITC (RPA-T4)
antibody (eBioscience, CA, USA); then, the cells were
permeabilized with permeabilization buffer (eBioscience,
CA, USA) and incubated with anti-IL-17-PE (eBio64-
DEC17), and anti-IFN-y-PerCpCy5.5 (Clone: 4S.B3)
(eBioscience, CA) for intracellular staining. For the Th3
population analysis, the cells were stimulated with LPS
(100 ng/mL, Sigma Aldrich, GA) during 16 h in the pres-
ence of Brefeldin A (1 pg/mL, eBioscience, San Diego,
CA) for the last 4 h. Then, TGF-f on CD4™" T cells was
evaluated using a primary anti-LAP-TGF-f antibody
(R&D Systems, Minneapolis, MN) followed by an anti-
IgG1-FITC antibody (R&D Systems, Minneapolis, MN)
and anti-CD4-PerCPCy5.5 antibody (eBioscience, SanDi-
ego, CA). For unspecific antibody binding, the anti-IgG1-
PE (Mouse IgGl, k) and anti-IgG1-PerCPCy5.5 (Mouse
IgG1 x,) (eBioscience, CA) were used as Isotype controls.
Finally, cells were analyzed on a FACSort flow cytometer
(Becton—Dickinson, Franklin Lakes, NJ), and data were
analyzed with the WinMDI software.

Statistical analysis

Data were expressed as mean £ SEM. After confirming
normal distribution with Skewness/Kurtosis statistic test,
paired and unpaired Student’s z-test was used to analyze the
differences between the proportion of T helper cell popu-
lations of responder and non-responder patients. Statistical
analysis was performed using Stata 7.0 software. Statistical
differences were considered significant for values of
p < 0.05. For correlation analysis, correlation test was used
and R value was obtained. For further analysis, fold change
was obtained by a ratio of: T helper proportion after
treatment (untreated)/T helper proportion before treatment
(treated).

Results

Th3 population is augmented in melanoma patients
PBL before treatment compared with normal donors
and decreased in DTH" but not in DTH™ patients
after DC vaccination

Previously, we reported that populations of natural Treg
(CD4*CD25%FoxP3*"), Trl (CD4*IL-10%), and Th3
(CD4"TGF-B*) regulatory T cells augmented in non-
responder (DTH™) patients after DC-based immunother-
apy. In contrast, a significant inhibition of Th3, TGF-$
producing CD4" T cells could be observed in patients
developing a tumor lysate-specific DTH reaction after
vaccination [12]. Here, we evaluated whether Th3
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population in PBMC from a representative group of 28
DCs-vaccinated melanoma patients, obtained from a cohort
of sixty patients treated between April 2002 to March 2009
and followed up for a median of 34 months, could result in
a prognostic marker for the therapy response (Table 1).
The group was constituted by peripheral blood lympho-
cytes (PBL) from 14 DTH* and 14 DTH™ patients, which
showed similar survival differences as reported in previous
works [12, 13].

In this respect, the group of 28 melanoma patients
showed significantly higher percentages of CD4 TGFB" T
cells in PBLs than a control group of 28 healthy donors
both before and after treatment [2.64 % + 0.16 vs
1.72 % £ 0.22 and 3.40 % £ 041 vs 1.72 % + 0.22,
respectively (p < 0.01)]. Moreover, the separated analysis
of DTH" and DTH™ patients showed that although no
significant differences could be detected between the two
groups before vaccine treatment, a significant increase of
Th3 population was observed in the DTH™ patients after
vaccination compared with DTH" patients or normal
donors (5.54 % £ 0.28; 1.65 % + 0.19; and 1.72 % +
0.22, respectively; p < 0.01) (Fig. la). Significantly, the
Th3 population among DTH™ patients decreased to similar
levels than healthy controls at the end of immunotherapy
(Fig. 1a). Additionally, we evaluated the levels of TGF-f-
free cytokine in each patient’s sera. We found that TGF-J3
levels in sera were similar in melanoma patients than in
healthy donors. DTH™ patients showed significant increase
in the TGF-B levels post-immunotherapy (39 ng/mL +
0.28 vs 42 ng/mL + 0.17; p < 0.05) (Fig. 1b) but DTH™
patients did not show such an increase.

CD4" IFNy™ T lymphocyte population is more
potently induced after DCs vaccination in DTH™
than in DTH™ melanoma patients

It is known that Thl profile plays an important role in an
effective immune response against tumor cells. Particu-
larly, the central role of IFN-y has been established in
different models [23]. To determine the presence of IFN-y
producing T cell population in our patients, we evaluated
the level of CD4*IFNy* T cells in PBMC of DTH™ and
DTH™ patients. First, we did not find significant differ-
ences in the proportions of Thl cells between healthy
donors and melanoma patients’ PBMC obtained before
treatment (Fig. 2a). However, a significant increase in
the percentages of CD41IFN-y* T cells was observed in
DTH™" patients after DCs treatment compared with
pre-vaccination (11.98 % + 1.60 before treatment, to
17.83 % £ 2.23 after treatment, p < 0.05) (Fig. 2a). A
non-statistical reduction in the percentages of CD4IFN-
vT T cells was observed after vaccination in the DTH™
group (Fig. 2a).
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Table 1 Characteristics of vaccinated patients (2002—-2009)
Patient Gender Age AJCC Primary tumor localization Metastasis  Additional treatment DTH Clinical Overall
code (years) stage status survival
(months)
MTO015 M 30 v Right ventral abdomen Mla RT + IL2 + Deceased 40.0
MTO018 F 63 v Left ankle exterior side Milb None + Deceased 36.0
MTO019 M 19 1A% Right eye Mlc Local RT — Deceased 5.0
MT020 F 51 v Right uveal tumor Mlc Local RT + Deceased 41.0
MTO021 F 61 v Scalp Mla None + Stable 80.0
MT023 M 40 v Right Malar Mla Surgery + RT + IL-2 — Deceased 11.0
MT026 M 54 v Ventral left thigh Mla Surgery + IL-2 + Stable 78.0
MT027 M 47 v Supraumbilical right side MIlb Surgery + Stable 78.0
MT028 F 70 v Vulva M1b None + Deceased 7.0
MT029 M 42 v Periumbilical M1b None + Deceased 16.0
MTO030 F 81 v Ventral left knee Milc Local RT + Deceased 28.0
MTO031 F 42 v Right eyelid, local extension Mila Local RT - Deceased 62.0
MTO034 F 71 v Subungueal big toe right foot Milb None — Deceased 15.0
MTO035 F 66 v Left dorsal calf Mla Surgery + IFN-a - Stable 71.0
MTO037 M 55 v Right anterior cervical region Mla Surgery - Deceased 6.0
MTO038 F 48 v Right dorsal subscapular Mlc None + Deceased 20.0
hemithorax
MTO039 F 42 v Ventral right foot Mla None - Deceased 13.0
MT040 M 59 v Left dorsal thoracic Milc Local RT — Deceased 7.0
MT042 M 52 v Right inguinal region Mlc RT + temodal - Deceased 6.0
MT043 F 71 v Right heel Mla Surgery + DTIC + Deceased 20.3
MT044 F 25 v Left scapula Mila Local RT + Deceased 8.0
MT045 M 19 v ND Mla Local RT + Progressor 33.5
MT046 M 69 v Back Mi1b None - Deceased 6.0
MTO048 F 44 v Left forearm Milc None + Deceased 9.4
MT049 M 54 v Back Mila None + Stable 27.0
MT050 F 52 v Left foot sole Milc RT + temodal + Deceased 3.0
MT053 F 72 v Left ankle Milc None - Deceased 33
MTO055 F 36 v Left hand Milc None - Deceased 9.3
MTO058 F 52 v Left ankle Mila RT + Progressor 27.4
MT060 M 42 v Right leg Mla IL-2 + RT + Progressor 22.9
MT061 M 67 v Urethral meatus Milc CTX - Deceased 10.7
MTO062 F 47 v Dorsal Mla CTX + Stable 23.6
MT064 F 45 v Pharynx Milc CTX - Deceased 15.1
MT065 F 40 v Scalp Milc CTX - Deceased 5.7
MT066 M 54 IIIC  Abdominal wall ND RT + DTIC + Stable 23.1
MT072 M 42 v Dorsal Milc None - Deceased 10.6
MT076 F 29 v Left foot M1b RT + Stable 19.2
MT079 F 64 v Left flank Milc None - Deceased 9.0
MT080 M 74 v Palate Milc ND + Stable 18.3
MT083 M 57 IIIC  Right hand N3 None - Progressor 16.5
MT084 M 47 1IC Right hand N3 None + Stable 16.3
MTO088 F 70 v Uveal melanoma Milc RT + TAM + DTIC + Deceased 7.4
MT091 M 70 v Scalp Milc None + Stable 15.5
MT094 F 48 v Uveal melanoma Milc RT + Stable 14.9
MT096 M 46 IIA Dorsal N2a None + Stable 14.4
MT101 M 41 10Y Right leg Mla None + Stable 13.8
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Table 1 continued

Patient Gender Age AJCC Primary tumor localization Metastasis  Additional treatment DTH Clinical Overall
code (years) stage status survival
(months)
MT102 F 46 v Right thigh MIlb DTIC + Ipimilumab + Stable 14.0
MT103 F 47 1B Left foot N2b None + Stable 13.7
MT105 F 56 IITA  Right left N2a None - Stable 13.5
MT112 M 67 IITA Dorsal N2a None + Stable 11.9
MT114 M 47 v Thoracic wall Mlc RT + IFN-a - Deceased 10.7
MTI115 F 46 1B Left shoulder NA None + Stable 11.4
MTI118 F 40 v Left shoulder Mla ND + Progressor  11.2
MTI120 M 36 v Dorsal Milb DTIC + Progressor  10.9
MTI22 M 23 1ic Left leg ND None + Stable 10.1
MT123 M 43 v Left flank Milc RT - Deceased 10.1
MTI125 F 54 Ic Right leg N3 None + Progressor 7.6
MT126 F 39 IB Left axillary NA None + Stable 7.2
MT127 F 37 v Left foot Milb None + Progressor 7.2
MT128 F 34 1B Right shoulder N2c RT + Stable 6.5

Immunologic response to therapy and post-vaccine survival

M male, F female, AJCC American Joint Committee on Cancer, ND not determinate, NA not applicable, CTX cyclophosphamide, DTIC
dacarbazine, RT radiotherapy, TAM tamoxifen. Bold font = patients included in T cell population analysis

In addition, to determine whether the Thl cell popula-
tion induction observed in the responder patients correlated
with systemic levels of IFN-vy, soluble levels of this cyto-
kine in serum before and after the treatment were also
evaluated. Our results showed that significant changes of
IFN-v in serum could not be detected between the differ-
ent groups, before and after vaccination. The obtained
values were 33.53 ng/mL + 14.93 before treatment, 26.95
ng/mL &+ 11.78 after treatment for DTH* patients
(p = 0.5625) and 47.56 ng/mL + 11.88 before treatment,
89.87 ng/mL £ 20.07 after treatment for DTH™ patients;
(p = 0.0547) (Fig. 2b).

CD4*1IL-17" T lymphocyte population is more potently
induced after DCs vaccination in DTH* than in DTH™
melanoma patients

The involvement of the Th17 profile in the antitumor immune
response induced by DCs vaccines is an important question
that remains open. In this respect, several murine and human
models have evaluated the IL-17 presence in tumors and PBLs
to determine the role of Th17 population in the antitumor
immune responses. Although still controversial, Th17 cells
may apparently contribute to the elimination of tumor cells
[27-31], a process that could be related to the induction of a
pro-inflammatory tumor environment [42]. Based on that fact,
we assessed the proportion of Th17 population in PBLs of
vaccinated melanoma patients. In this regard, DTH™ patients,
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but not DTH™ ones, showed an increase in CD41IL-17T T
cells proportion after treatment (0.65 % £ 0.19 to
1.29 % £+ 0.29, p <0.01) (Fig. 3a). Additionally, 1L-17
levels were evaluated on patient sera pre- and post-treatment,
but no differences were observed between the different groups
nor when compared with healthy controls (Fig. 3b).

IFN-vy and IL-17 expressing CD4" T lymphocytes are
highly present in DTH biopsies from DCs-vaccinated
patients

DTH reactions against tumor cell lysates post-vaccination
have been associated to memory CD4" and CD8" T cell
responses [13]. In fact, DTH biopsies from vaccinated
patients included a proportion of CD4"CD45RO" and
CD8'TCD45RO™ memory T cells [13]. To determine
whether the melanoma lysate-specific T cell infiltration at
DTH site detected in some patients may correlate with
observations in peripheral blood, responder patients were
challenged with TRIMEL in an arm proximal to axillary
lymph nodes. We then evaluated the presence of pro-inflam-
matory cytokines associated with T cells in DTH tissues.
Immunofluorescence analysis of paraffin-embedded DTH
biopsies determined the effective co-expression of IL-17 and
IFN-y cytokines within the infiltrating CD4 ™" T cells (Fig. 4a).

In order to identify the cytokine profile of CD4™ T cells
derived from DTH biopsies expanded in vitro with a low-
dose IL-2, CD4+IFNY+, CD4'IL17", and regulatory T
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Fig. 1 Th3 population is augmented in PBL from untreated mela-
noma patients compared with normal donors and decreased in DTH"
but not in DTH™ patients after DCs vaccination. PBMC from 14
healthy donors (Healthy) were stained with anti-CD4 and anti-LAP-
TGF-B antibodies and analyzed by flow cytometry. The obtained
results were compared with Th3 proportion from 14 DTH" patients
and 8 DTH™ patients before (untreated) and after a complete
immunotherapy cycle (treated). Th3 percentage on healthy donors
compared with melanoma untreated or treated patients. a Comparison
of expression of Th3 percentage in PBMC between healthy donors,
DTH™ and DTH" patients before (untreated) and after immunother-
apy (treated). b Detection of free TGFp in serum of DTH™ and DTH™
patients was performed by ELISA assay. Statistical analyzes were
performed using one-way ANOVA and unpaired Student’s r-test
(**p < 0.01, ***p < 0.001)

cells were evaluated by flow cytometry after stimulation
with PMA in the presence of Brefeldin A and compared
with those present in IL-2 expanded autologous PBL. We
were able to detect a fourfold augmented IL17-release of
CD4™" T cell population in DTH-derived cells compared
with autologous PBL (4.2 vs 1.2 %, respectively) and
a doubled amount of IFN-y in DTH-derived respect to
PBL-derived T cells (31.5 vs 15.3 %) (Fig. 4b). In contrast,

Fig. 2 CD4" IFNy'* T lymphocyte population is more potently
induced after DCs vaccination in DTH" than in DTH™ melanoma
patients. PBMC from DTH' and DTH™ patients before (untreated)
and after (treated) a complete immunotherapy cycle were activated
with PMA/Ionomicyne, incubated with antibodies against CD4 and
IFNy and analyzed by flow cytometry. a Panel displaying density
plots from one representative analysis of Thl profile (upper). Thl
percentage based on CD4" IFNy' T cells in DTH' (untreated and
treated, n = 8) and DTH™ (untreated and treated, n = 8) patients.
b An ELISA assay showing the IFNy secretion in DTH™ and DTH"
patients. Statistical analyzes were performed using paired Student’s
t-test (*p < 0.05)

regulatory CD4" T cell subpopulations, Tregs CD4*
CD25"FOXP3*, Trl CD4'IL-10", or TH3 CD4 " TGFR™*
could not be observed in the analyzed DTH biopsies (data
not shown).

Th1 Th17 cytokine profiles are associated with DTH™
reactions and prolonged patient survival, while TH3
profiles are associated with immunological
unresponsiveness

Finally, we investigated the T lymphocytes mean fold
change in cytokine release as a ratio between pre- and
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Fig. 3 CD4'IL-17" T lymphocyte population is more potently
induced after DCs vaccination in DTH* than in DTH™ melanoma
patients. PBMC from DTH' and DTH™ patients before (untreated)
and after (treated) a complete immunotherapy cycle were activated
with PMA/Ionomicyne and analyzed by flow cytometry using
antibodies against CD4 and IL-17. a Upper panel density plots from
one representative analysis of Thl7 profile. Lower panel Thl7
percentage based on CD41IL-17" T cells in DTH" (untreated and
treated, n = 8), and DTH™ (untreated and treated, n = 8) patients.
b IL-17 ELISA assay in DTH™ and DTH™ patients’ serum. Statistical
analyzes were performed using paired Student’s t-test (*p < 0.05)

post-vaccine values in the PBLs of DTH* and DTH™
patients. The analysis showed that DTH™ patients have a
significantly ~ higher  proportion of Trl, Treg
(foxp3*CD4*T cells), and Th3 (TGF-B-producing T cells)
than DHT* patients (Fig. 5a, b). Moreover, a minor but
significant increased amount of soluble TGF- could be
detected in the PBLs of DTH™ patients with respect to
DTH"' ones (Fig. 5a, b). In contrast, a significantly
increased proportion of Thl (IFN-y releasing CD4" T
cells) and Th17 (IL-17 releasing CD4" T cells) could be
detected in DTH™ patients compared with DTH™ patients
(Fig. 5a, b). These results allowed us to establish a
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correlation between DTH response and a defined pattern of
specific cytokine responses in both patient subgroups
(Fig. 5a, b).

Discussion

DCs vaccines constitute a promising approach for the
treatment of melanoma. Besides the clinical impact
observed in some patients, primarily related to prolonged
survival, immunizations are almost innocuous with very
limited adverse effects. However, a major problem is
related to the variability in clinical and immunological
patient response to the treatments. In fact, several studies
show that a proportion but not all patients are capable of
developing immune or clinical responses that impact dis-
ease stability and survival [19, 20]. In this respect, we have
previously shown that autologous DCs loaded with a
conditioned allogeneic melanoma cell lysate induced
tumor-specific immune responses associated with pro-
longed survival in a subgroup of stage IV melanoma
patients [12, 13]. In fact, DTH immunological reactions
correlated with a threefold prolonged long-term survival
compared with DTH™ patients [12, 13]. These differences
can be due to several factors such as, the type of tumor, the
patient genetic background and/or the immunological sta-
tus of the patient. Herein, we investigated whether our DCs
vaccine is associated with dissimilar cellular and cytokine
responses that impact the clinical outcome. The analysis of
T cell populations in PBLs obtained from melanoma
patients before and after immunizations showed a signifi-
cant increased proportion of IL-10 and TGF-B-producing T
cells in non-responder patients compared with responder
ones [12]. These results indicate that patients suffering
metastatic disease may have imbalanced reactions between
the tumor and the immune system generating distinct
responses following vaccination. It is known that the
immune system, while killing some tumor cells, modulates
the transformation of the cancer cells evading the immune
response and develop, at this turn, properties that affect the
immune system interaction with tumors, in a process
named immunoediting [43]. To investigate the capacity of
PBLs from patients to generate effective immune respon-
ses, we measured CD4" T cell capacity to produce IFN-y
and IL-17 upon in vitro stimulation. Our results showed
that cells from DTH" patients have an increased capacity
to produce both cytokines compared with DTH™ patients.
Although differences in cytokine production were unde-
tectable in serum, probably due to dilution, it was clear that
DTH™ patients showed an increased proportion of CD4" T
cells producing IFN-v, defined as a Th1 response. The Thl
response has been largely associated with an effective anti-
tumor reaction relating to macrophage activation and
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Fig. 4 TFN-y and IL-17 expressing CD4" T lymphocytes are highly
present in DTH biopsies from DCs-vaccinated patients. Biopsy
punches were obtained from the induration zone of immunotherapy-
treated melanoma patients with positive DTH against TRIMEL. a A
portion of the biopsy sample was used to analyze the CD4" T cells
and IFN-y and IL-17 expression by immunofluorescence. The other
half was mechanically disrupted and the obtained cells were expanded
in RPMI medium supplemented with IL-2 for three weeks. In parallel,

particularly to CTL-mediated tumor lysis [44]. Interest-
ingly, no difference was observed in the proportion of Thl
reactive cells before vaccination, indicating that the vac-
cine is capable of inducing a more potent Thl response in
the group of responder patients compared with DTH™ ones.
Importantly, similar behavior was observed when IL-17
producing T cells were studied. In fact, again, no difference
was observed at serum levels, but an important increase in
Th17 population was observed in DTH™ patients but not in
DTH™ patients. These results may indicate that IL-17-
producing T cells are important in the vaccine-induced
anti-tumor response and probably are also associated with
the anti-melanoma DTH response. Although much evi-
dence associates Th17 response with angiogenesis and pro-
tumor activity, these observations may be related to the
early stages in the tumor development [25, 26]. Accumu-
lating evidence shows that Th17 may be part of the arsenal
of anti-tumor responses maintaining its role in autoimmune
reactions [27-31, 42]. Further analysis showed that a pro-
portion of IFN-y/IL-17 producing CD4" T cells can be
detected in the blood of DTH" patients. Our results suggest
that Thl and Th17 responses act concomitantly in vacci-
nated patients and they are not antagonic.

Regarding TGF-f producing T cells, we wanted to study
whether the increased proportion of Th3 cells in non-
responder patients correlated with the melanoma condition
or whether they were only a product of vaccination. We

autologous PBMC were expanded at the same manner. IL-17 and
IFNy expression were induced by PMA and ionomycin in the
presence of Brefeldin A for 5h in b DTH-derived T cells and
¢ PBMC-derived T cells, stained and analyzed by flow cytometry as
indicated in “Materials and methods”. Percentages of double-positive
cells were expressed on the upper right corner. Dot plot is
representative of one of three patients

could not detect differences at serum level between patients
and normal donors, discarding the measuring of serum-
associated cytokines as molecular markers of progression.
However, our analysis showed that untreated stage IV
melanoma patients have a significant augmented propor-
tion of TGF-B producing CD4" T cells (Th3 cells) com-
pared with an equivalent control group of healthy donors. It
has been demonstrated that TGF-P is over-expressed in
melanoma patients compared with healthy donors and that
increased levels can be induced by immunization with
MAA-associated gp9639 [39]. Elevated concentration of
TGF-p has been correlated with the specific inhibition of
CTL and NK cell-mediated cytotoxicity [45].

Moreover, although no differences were observed
between DTH' and DTH™ patients regarding Th3 popu-
lations before treatment, a significant decrease of Th3
proportion in blood was detected in DTH™ responder
patients, while a potent augment of same cells was
observed in DTH™ patients. The correlation between mel-
anoma-specific DTH reaction and the reduction of TGF-f-
expressing T cells indicates that these cells are able to limit
the immunological anti-melanoma response. Moreover, the
level of Th3 cells in melanoma patients potentially con-
stitutes an easy and relevant prediction factor for the out-
come of DCs-based therapy.

DTH reaction against TRIMEL has been clearly asso-
ciated with patient immune response and clinical survival
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Fig. 5 Thl and Thl7 cytokine profiles are associated with DTH™
reactions and prolonged patient survival, while TH3 profile is
associated with immunological unresponsiveness. Fold change
ratio obtained calculating the difference between pre- and post-
vaccine values for each patient for Trl (CD4'IL-10%), Treg
(CD4"CD25%Foxp3*), TH3 (CD4'TGF-B*), TGF-Bs (soluble
TGF-B), Thl (CD4" IFN-y*), Th17 (CD4" IL-17%) are showed
for a DTH' and b DTH™ patients. Statistical analyzes were
performed using non-paired student’s #-test (p < 0.05, **p < 0.01,
##%p < 0.001)

[12, 13]. Control tests showed that the majority of vacci-
nated patients are immunocompetent because they can
show DTH reactions against control antigens [12]. More-
over, we have previously demonstrated that DTH tissues
were infiltrated with memory CD457/CD4" and CD45%/
CDS8™ T cells [13]. Here, we investigated the presence of
Th17 and Thl CD4" T cells in DTH biopsies. Interest-
ingly, immunofluorescense analysis revealed an amplified
presence of IFN-y and IL-17 producing CD4™" cells in the
DTH infiltration compared with PBLs from the same
patient. This result may further support that Th1/Th17
responses are clearly related to DTH reaction and are
indirectly associated with prolonged patient survival.

@ Springer

Taken together, our results demonstrated that DTH' and
DTH™ patients have a different reaction capacity and
develop different immunological status that can be related
to clinical outcome. In fact, DTH" patients showed an
increased capacity of generating a Th1/Thl7 response
compared with non-responder patient and also a significant
reduction of TGF-B production and Th3 response.
Although, as we recently demonstrated, genetic polymor-
phisms in genes related to the immune system like TLR4
can influence clinical outcome [46], the immune system/
tumor interaction may also state the immune response
generated by vaccines. However, the present work will
contribute to an overall better understanding of different
cellular and molecular factors associated with a more
effective immune response and will help to develop new
follow-ups and prognostic molecular marker tools based on
reported immunological observations, which can be more
appropriate for the concept of personalized medicine.
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