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Tumor infiltration by lymphocytes has been linked to improved clinical outcome in children with neuroblastoma (NB)
but T-cell activation has never been demonstrated to occur within the NB microenvironment. Here we show that
tumor-associated lymphocytes (TALs) obtained from lesions representing all genetic subsets of NB and autologous
peripheral blood lymphocytes (PBLs) analyzed on the day of tumor excision differed in composition, phenotype and
functional characteristics. The NB microenvironment appeared to promote the accumulation of CD3*CD8* T cells and
contained a larger proportion of T cells expressing the interleukin-2 receptor a chain (CD25) and manifesting an effector
memory (CCR7-CD45RA") phenotype. Accordingly, the stimulation of PBLs with autologous tumor cells in short-term
cultures increased the proportion of effector memory T cells, upregulated CD25, stimulated the expression of the T, 1
cytokines interferon y and tumor necrosis factor «, and reduced the expression of transforming growth factor B. In situ
proliferation as well as a characteristic pattern of T-cell receptor aggregation at the contact sites with malignant cells was
revealed by the immunohistochemical staining of TALs in primary tumors, indicating that the NB milieu is compatible
with the activation of the immune system. Our results are compatible with the hypothesis that CD8* T cells are specifically

activated within the NB microenvironment, which appears to be permissive for effector memory responses.

Introduction

Human neuroblastoma (NB), the most common extracranial
solid malignancy in children,' is frequently described as non-
immunogenic due to a low/absent expression of MHC Class 1
molecules, general lack of MHC Class II molecules and reduced
expression of adhesion molecules (reviewed in refs. 2 and 3).
However, these defects can be corrected by the exposure of
NB cells to pro-inflammatory cytokines, such as interferon vy
(IFNv) and tumor necrosis factor @ (TNFa). Moreover, acti-
vated T cells can kill NB cells in an MHC-unrestricted fashion.
We have previously shown that (1) activated cytotoxic T lym-
phocytes (CTLs) can induce the MHC-independent demise of
NB cells not only in a caspase-dependent but also in a caspase-
independent manner? and that (2) soluble factors released by
activated CTLs sensitize NB cells to death receptor-mediated
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killing by T cells’ The latter observation is of special impor-
tance since the epigenetic silencing of caspase-8 has frequently
been observed in NB cells (reviewed in ref. 6). Collectively,
these data imply that the recruitment of activated CTLs into
the tumor site may constitute a viable approach for the treat-
ment of human NB, even in the absence of a specific recogni-
tion of tumor-associated antigens. However, it remains unclear
whether immunotherapy can promote a sufficient infiltration of
T lymphocytes into these tumors.

Despite the fact that lymphocytic infiltration has been indi-
cated as a favorable prognostic factor for NB more than 4 decades
ago,”® the current knowledge on T cells that reside in the NB
milieu is limited to a study published in 1996 by Facchetti et al.,
describing the presence of CD4* and CD8* T cells within NB
lesions and suggesting that a proportion of these cells may exhibit
an activated (CD25* and/or HLA-DR*) phenotype.” Still, neither
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Table 1. Patient characteristics and T-cell subset composition of PBLs and TALs from NB patients

SampleID  Stage® Age® Genetics® Treatment* Sex® Survivalf %CD3° CD4/CD8 PBL" CD4/CD8 TAL"
1 1 13.5 Oth str M 54+ 24 2.0 0.4
2 4 35 11qg- X M 6 0.6 1.0 ND
3 1 41.5 Num only M 52+ 2.36 1.2 0.3
4 2 14 179+ X M 10 0.39 2.5 1.2
5 1 4 Num only M 50+ 17.8 2.7 1.1
6 1 4.5 Oth str F 49+ 4.2 1.8 0.7
7 3 18 MNA X [ 44+ 1.43 0.2 0.4
8 3 66 Oth str X F 42+ 7.1 0.51 1.7

2Stage according to International Neuroblastoma Staging System, INSS.* PAge in months at the time of surgery. “According to Carén et al.?**° (oth str,
other structural abnormalities; 11g-, loss of chromosome 11g; num only, numerical only; 17g+, gain of chromosome 17g; MNA, MYCN amplification).
9Treatment prior to surgery. °m, male; f, female. ‘Months after diagnosis (+, still alive). 9% CD3* cells of all cells in the tumor mass at the day of surgery,
based on flow cytometry data on the whole cell mass as judged by forward/side scatter discrimination. "Ratio between CD4* and CD8"* cells within the

CD3* compartment. ND, not defined.

a detailed description of T-cell subsets resident within NB lesions
nor a characterization of the cytokines produced in this micro-
environment is currently available. Moreover, it has not yet been
documented whether the subset composition and functional
properties of intracumoral T cells correspond to those observed
in the peripheral blood of NB patients. Finally, to the best of our
knowledge, a systematic analysis of the phenotype and cytokine
production pattern of peripheral blood lymphocytes (PBLs) from
NB patients has never been performed. Altogether, such unan-
swered questions are important, considering that immunother-
apy is arising as a new treatment option for high-risk NB patients
(reviewed in refs. 2 and 10).

In the present study, we analyzed the activation status, pheno-
type and cytokine production pattern of T-cell populations from
malignant lesions and the peripheral blood of NB patients. Our
results demonstrate that the NB microenvironment is permis-
sive for a continuous T-cell activation and promotes the selec-
tive expansion and/or accumulation of T-cell subsets exhibiting
an effector phenotype. These data encourage the development of
new immunotherapeutic approaches for the clinical management

of NB.
Results

T cells infiltrate NBs, proliferate in situ and exhibit CD3
aggregation at the sites of contact with tumor cells. A direct ex
vivo analysis of T-cell infiltration in 8 primary NB samples repre-
senting all different genetic risk subsets (Table 1) was performed
on the day of surgical intervention. All NB samples contained a
detectable proportion of CD3* cells, varying from 0.6% to 17.8%
of the total cell mass. We did not observe any statistically sig-
nificant correlation between the abundance of tumor-associated
CD3" cells and patient’s age, disease stage or pre-surgery thera-
peutic regimen (Table 1), which could be due to the relatively
small number of samples analyzed. However, it is notable that
the 2 non-survivors, patient 2 and patient 4 manifested the low-
est levels of T-cell infiltration of all examined samples (Table 1).
We next characterized the representation of different CD3* T-cell
populations expressing CD4 and/or CD8 molecules on their
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surface, both among tumor-associated lymphocytes (TALs)
and PBLs collected from the patient at the day of tumor exci-
sion (Fig. 1A). The ratio between CD3*CD4* and CD3*CD8*
cells in the peripheral blood varied from 1.2 to 2.7 in 5 out of
8 patients, and a relatively lower ratio was observed in TALs
(Table 1). Notably, the drop in the CD4*/CD8* T-cell ratio
among TALs was prominent, 3-fold in average, and reached as
high as 4- and 5-fold in tumors from patient 3 and 1, respectively.
Using immunohistochemistry, we observed that T cells infiltrat-
ing the tumor mass (detected outside the lumen of blood vessels)
are found in the close proximity of proliferating, Ki67-positive
tumor cells (Fig. 1B, areas 1, 2, 3, 5 and 7) and non-proliferating
tumor cells (Fig. 1B, areas 4 and 6). In some instances, we were
able to observe a redistribution of the CD3 component of the
T-cell receptor (TCR) toward the area of contact with the tumor
cell (often referred to as “CD3 capping”) (Fig. 1B, areas 1, 2, 4
and 6). CD3* T cells were also shown to proliferate within the
tumor mass, as shown by Ki67 co-staining with (Fig. 1B, area 8).
Though it is not practically feasible to demonstrate local T-cell
degranulation, the pattern of CD3 distribution, reflecting TCR
aggregation (Fig. 1B, areas 1, 2, 4 and 6) and the detection of the
proliferation marker Ki67 (Fig. 1B, area 8; Fig. S1) in intratu-
moral CD3* cells strongly indicate that tumor recognition takes
place in situ, ultimately leading to T-cell activation.

T lymphocytes infiltrating NB lesions upregulate CD25 but
not FOXP3. T lymphocytes infiltrating tumors of different ori-
gins often acquire an anergic state and cannot be activated, unless
re-stimulated in vitro in a tumor-free environment. Therefore,
we next compared the surface levels of CD25, the interleukin
(IL)-2 receptor a chain, on PBLs and TALs from NB patients,
as the upregulation of this molecule reflects T-cell activation. A
higher proportion of TALs expressed CD25 on the cell surface
as compared with autologous PBLs on the day of tumor exci-
sion (Fig. 2A). This observation held true for CD3*CD4* and
CD3*CD4- cell populations from most of the patients analyzed
in this study (Fig. 2A), suggesting that both helper and cyto-
toxic T lymphocytes may either undergo activation in the tumor
milieu, or maintain an activated state following homing to the
tumor site.
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Figure 1. Infiltration and distribution of T-cell subsets in tumor-associated lymphocytes compared with peripheral blood lymphocytes in neuroblas-
toma patients. (A) Flow cytometry performed on the day of tumor excision. Graphs depict the percentage of CD4* (upper panel) and CD8* (lower
panel) cells among CD3* peripheral blood lymphocytes (PBLs, gray bars) and CD3* tumor-associated lymphocytes (TALs, black bars). Examples of flow
cytometry staining for cell-surface CD4 and CD8 expression in CD3* cells from patient 1 and 6 are shown. (B) Staining of neuroblastoma (NB) tissue
(from patient 8) with an anti-CD3 antibody (green) and an antibody specific to the cell proliferation marker Ki67 (red). Nuclei were counterstained with
DAPI (blue). Areas indicated in the figure by numbers from 1 to 8 were selected to emphasize different events (marked by arrows) that characterize the

tumor cell:T cell interaction.

High levels of CD25 in combination with the transcription
factor FOXP3 coupled to the ability to suppress T-cell responses
are used to define a subset of T cells with regulatory properties
(regulatory T cells, Tregs), which are involved in the inhibition
of T-cell immune responses (reviewed in ref. 11). Notably, 70 to

95% of CD3*CD4* PBLs from 3 patients included in this study
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expressed FOXP3 (Fig. 2B). Surprisingly, the proportion of CD4*
T cells expressing FOXP3 was lower among TALs (Fig. 2B).
The NB microenvironment does not prevent the generation
of T-cell memory. It is known that human effector memory (T
and CD45RA" effector memory (T,
entiated in terms of effector function than naive (T ) and central

EM)
) T cells are more differ-
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A 80 CcD3* A or similar to that of T,  CD3*CD8* TALs. At
4 60 the same time, different memory cell subsets
0 O 40 were more frequent in the intratumoral T-cell
9 5 pool. These differences were even more strik-
®| 20 ing in the CD3*CD8" population, for which
0 Sample # a prevalence of naive T cells in the periph-
12345678 ery was usually paralleled by a dominance
;:“ 80 CD3+*CD4* of TEM T cells in the tumor environment
. 8 60 (Fig. 3A and B).
0 & The presence of NB cells affects the phe-
8 g 40 notype and activation status of autologous
5| 20 T cells. To test whether NB cells may cre-
gl ) - Sample # ate a microenvironment that promotes the
1234567¢E8 expansion and/or differentiation of selected
A . ) T-cell subsets from the peripheral blood,
3| & CcD3*Cha we cultivated PBLs of NB patients in the
. G| 60 presence of autologous tumor cells in vitro.
0 & 40 Albeit to a different extent, a drop in the
8 3] CD4+/CD8* T-cell ratio in the PBLs from 4
E 20 . of 7 patients was observed upon co-incuba-
< Sample # tion with autologous tumor cells (Fig. 4A).
12345678 Of note, when PBLs from patient 8 were
B CD4* exposed to autologous tumor cells, the pro-
portion of CD3*CD4* T cells was consider-
100 4 - ably increased, consistent with an increased
80 - CD4* PBLs CD4* TALs CD4*/CD8* T-cell ratio in TALs vs. PBLs
. o detected for the same patient.
g g 60 - To investigate a possible role of NB in the
0% 40 - 70 40 expression of CD25 by T cells upon extrava-
s sation, we also measured CD25 levels on
20 - _ PBLs incubated in the presence or absence of
. . > autologous tumor cells. Consistent with the
0 L Sample # FOXP3 data on CD25 expression on PBLs and TALs
1.6 7 on the day of tumor removal, we detected
different degrees of CD25 upregulation in
Figure 2. Expression of CD25 and FOXP3 in peripheral blood lymphocytes and tumor- 5 out of 7 PBL cultures exposed to autolo-
associated lymphocytes from neuroblastoma patients. (A) Flow cytometry data demonstrate gous tumor cells (Fig. 4B), suggesting that
the expression of CD25 on both peripheral blood lymphocytes (PBLs) and tumor-associated T-cell activation may take place in the NB
lymphocytes (TALs) on the day of tumor excision in different CD3* T-cell subsets. Gray bars microenvironment.
represent PBLs and black bars represent TALs. One representative pattern of cell-surface CD25 . .
expression in PBLs and TALs from patient 6 as detected by flow cytometry on the day of tumor Furthermore, we {nvestlggtt%d WhetheF the
excision is shown. Numbers indicate the percent of cells expressing or not expressing CD25 patterns of T-cell differentiation associated
among CD4* cells. (B) Expression of FOXP3 in CD4* PBLs (gray bars) and CD4* TALs (black bars) with immunological memory can be acquired
on the day of tumor excision, as analyzed by flow cytometry. One representative pattern of by T cells upon exposure to autologous tumor
FOX.P'3 expression in PBLs and TALs of patient 6 is shown. Number indicates the percentage of cells. We observed that memory T-cell pools,
positive cells. * = not performed. . .
in particular T, and T, T cells, were

memory (T_,) T cells.”” Therefore, we monitored the molecular
signatures reflecting the T-cell memory status in the PBLs and
TALs of NB patients, using the expression of CCR7 and CD45RA
to define T, (CCR7*CD45RA"), T, (CCR7'CD45RA"), T,
(CCR7CD45RA") and T,,,, (CCR7"CD45RA") populations,
as previously described."” We observed that T, T, and T,
constitute the main CD8* T-cell subsets in both PBLs and TALSs of
NB patients at the day of tumor excision, whereas CD8* T ., cells
represent a relatively minor cell compartment (Fig. 3A and B).

The percentage of T | CD3*CD8* PBLs was usually higher than
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increased in botlththe CD8* and CD8" sub-
sets of PBLs co-cultured with autologous tumor cells (Fig. 4C),
suggesting that the NB microenvironment does not prevent, but
rather contributes to the generation of immunological memory.
Magnitude and pattern of cytokine production differ
between primary NB and PBL compartments. Cytokine pro-
duction by T cells can serve both an immunoregulatory func-
tion (“signal three” in the T-cell activation process) and an
effector function, along with the perforin/granzyme and death
receptor-mediated elimination of antigen-expressing targets.
Therefore, a comparison of the pattern and amount of cytokines
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Figure 3. Characterization of the T-cell phenotype of peripheral blood lymphocytes and tumor-associated lymphocytes from neuroblastoma
patients. (A and B) T cells exhibiting the phenotype of naive, central memory (T effector memory (T,,) and CD45RA* effector memory (Teyra) cells
were identified by flow cytometry. (A) The percentage of naive, T, T, and T_ . cells within the CD3*CD8* (upper row) and CD3*CD8" (lower row)
cell populations was determined for the peripheral blood lymphocytes (PBLs, gray bars) and tumor-associated lymphocytes (TALs, black bars) of each
patient on the day of tumor removal. (B) Example of CD45RA and CCR7 detection in samples from patient 4.

produced within the tumor microenvironment and in periph-
eral blood of tumor-bearing patients can provide insights into
the “quality” of T-cell immune responses, in particular relative
to the ability of T cells to recognize and eliminate targets. We
characterized the production of cytokines by NB resident cells
as well as by autologous PBLs, the latter either in a steady-state
setting or upon exposure to autologous tumor cells. Importantly,
for the assessment of cytokine production by tumor-resident
cells, tumor specimens were incubated in serum-free condi-
tions (see Materials and Methods). We observed an elevated pro-
duction of IL-8 by all primary tumors (for example, in 4 of 8
primary tumor samples, IL-8 levels varied from 2.3 ng/mL to
13.3 ng/mL, mean = 8.5 ng/mL). In contrast to IL-8, the levels
of transforming growth factor B (TGF) were relatively low in 7
out of 8 primary tumors, whereas a significant production of this
cytokine was observed among PBLs (Table 2).

When incubated in serum-free medium containing IL-2, IL-7
and IL-15 (the 3 cytokines that are essential for the homeostatic
maintenance of T cells ex vivo in the absence of antigenic stimu-
lation), PBLs from most of the patients produced relatively high
but variable levels of granulocyte-macrophage colony-stimulating
factor (GM-CSF), TNFa, IL-8, IL-13 and TGFR, relatively low
levels of IFNYy, IL-6 and IL-10, as well as barely detectable levels
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of IL-4 and IL-5 (Table 2). Interestingly, the exposure of PBLs
to autologous tumor cells enhanced the secretion of most cyto-
kines including the T 1 factor IFNy and TNFa, whereas the
expression of TGF was downregulated in 5 of 7 patients (Table
2). Of note, the increased levels of some cytokines detected in
PBL:tumor cell co-cultures as compared with PBLs alone (such
as TNFa, GM-CSF and IL-13 in patient 6, IL-10 in patient 5
and IL-6 in patient 4) may have originated from the tumor com-
partment, which—in these instances—was characterized by a
relatively elevated production of these cytokines (Table 2). This
was not the case for the remaining co-cultures, as primary tumor
cells cultured alone generated low levels of the cytokines under
consideration. Collectively, these data confirm that PBLs from
NB patients can undergo activation upon exposure to autolo-
gous tumor cells, which results in an altered pattern of cytokine
secretion.

Discussion
Tumor infiltration by T lymphocytes is commonly observed in
cancers of various histological origin and anatomical localization.

Recently, a large body of evidence has uncovered a correlation
between the presence of lymphoid infiltration and the survival
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Figure 4. Modulation of the phenotype of autologous peripheral blood lymphocytes upon exposure to tumor cells in vitro. (A-C) The phenotype of
peripheral blood lymphocytes (PBLs) was monitored after 8 d of in vitro propagation in the presence or absence of autologous tumor cells. (A) The
modulation of the CD4*/CD8* T-cell ratio in CD3* PBLs upon co-culture with autologous tumor cells (PBL+tumor), as compared with PBLs maintained
alone, was monitored by flow cytometry. (B) The percentage of CD25-expressing CD3*, CD3*CD4* and CD3*CD4- PBLs in the presence or absence of
autologous tumor cells, as monitored by flow cytometry, is shown. (C) Modulation of the T-cell memory phenotype in PBLs co-cultured with autologous
tumor cells for 8 d. The percentage of CD3*CD8"* (upper row) and CD3*CD8" (lower row) cells manifesting a central memory (T, ), effector memory (T, )
) phenotype upon culture in the presence or absence of autologous tumor cells is shown e = not performed.

of patients affected by many types of cancer. In 58 of 60 pub-
lished studies, the presence of CD8* memory T cells was associ-
ated with a favorable prognosis.'* In colon and breast cancer, the
presence of a favorable immunological signature coincides with
a good subsequent response to chemotherapy.”~"” Furthermore,
although this still requires further verification in Phase III clini-
cal studies, the use of an “immune score” based on the presence
of CTLs and CD45RO* memory cells has proven of an outstand-
ing value in predicting the risk of relapse among patients affected
by localized colon cancer without lymph node involvement or
distant metastases.”® In fact, the ability of cancer cells to avoid
immune recognition and elimination has recently suggested as
a common hallmark of progressive cancer.”” Still, the immune
system has also been proposed to contribute to tumor growth
as it promotes tumor-associated inflammation.*® Therefore,
when introducing immunotherapy into treatment protocols, the
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possible interactions between therapy-induced immunity and
naturally occurring inflammatory responses in the tumor milieu
should carefully be considered. Current clinical protocols for the
management of NB include immunotherapeutic strategies based
on the anti-GD2 monoclonal antibody ch14.18 and alternating
the administration of GM-CSF and IL-2. This approach com-
bined with high-dose isotretionin resulted in improved event-
free survival in children affected by high-risk disease.'” A smaller
clinical study has also reported that the infusion of CTLs bear-
ing chimeric antigen receptors (CARs) specific for GD2 and a
native TCR specific for the Epstein-Barr virus promoted prom-
ising clinical responses in 50% of enrolled patients.” However,
limited data are available describing the immunological signature
of primary NBs, which is needed to define the prerequisites for
immunotherapy and which will help to identify the patients that
may truly benefit from immunotherapy.
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Table 2. Cytokine expression by NB tumors and autologous PBLs

Cytokine Sample ; ) 3
Tumor 0.0 = 0.9
IFNy PBL - 58.2 46.6
PBL+tumor = 317 227
Tumor 98.5 = 8.1
TNFa PBL = 82.3 151.0
PBL+tumor = 149.4 61.9
Tumor 5.52 = 3.2
IL-4 PBL - 0.9 3.2
PBL+tumor = 3.2 4.4
Tumor 1.2 0.1
IL-5 PBL - 33 3.1
PBL+tumor = 1.8 0.8
Tumor 1.5 = 8.6
IL-6 PBL = 40.1 50.9
PBL+tumor o 131.2 106.8
Tumor 1969 = 12064.7
IL-8 PBL o 13563.2 11339.4
PBL+tumor = 13920.3 17255.9
Tumor 4.5 S 53
IL-10 PBL - 23.4 19.7
PBL+tumor = 27.2 14.6
Tumor 2.5 = 0.8
IL-13 PBL - 809.7 1206.3
PBL+tumor = 2034.6 1397.3
Tumor 238.2 = 0.0
TGFB PBL - 7617.6 2036.8
PBL+tumor = 5673.1 1895.3
Tumor 6 = 1.7
GM-CSF PBL o 811.4 314.2
PBL+tumor = 1191.8 325.0

Patient number

4 5 6 7 8
0.0 38.6 86.0 0.0 0.0
3.2 1.7 9.5 330.2 0.6
19.5 89.9 103.4 651.9 0.6
6.7 130.1 509.7 1.2 0.3
9.0 18.1 72.8 148.5 28.2

105.9 160.5 289.4 167.4 14.2

1.5 1.5 2.1 0.0 0.0
2.1 0.0 2.1 2.1 5.5
5.5 44 2.1 0.0 2.1
0.1 0.8 15.5 0.1 0.1
0.6 1.1 0.4 0.9 0.6
6.8 19 29 1.7 0.5

602.8 7.1 51.1 0.7 0.2
70.6 44 4.1 29 2.7
396.0 16.5 50.9 4.0 1.6
2285.6 7286.5 13290.7 277.8 51.4
14734.0 6043.4 7348.8 2810.8 7707.5
112914 12716.9 13416.1 3186.1 3837.1
1.8 454 8.1 0.5 0.5
1.2 1.8 15 39 0.5
8.8 18.2 12.4 67.9 1.2
0.4 124.6 692.9 0.5 0.1
1.1 124.6 67.3 881.6 36.2
92.4 359.1 422.3 730.2 12.4
258.8 14.4 135.3 1195.1 0.0
3337.8 894.4 987.1 277.7 238.5
1857.7 1245.8 641.0 0.0 56.4
4.5 191.2 897.8 0.3 0.1
22.8 110.7 47.9 209.4 16.6
88.9 477.2 636.4 334.5 10.9

Table contains data on the concentration of cytokines (pg/ml) detected in supernatants of primary tumor medium. The concentrations of indicated
cytokines were measured using human cytokine 13-Plex premixed kit. The concentration of TGF3 was measured by ELISA as immune detection of this
cytokine requires additional low pH treatment which allows conversion of latent TGF@ to its immune reactive form; data shown as mean of triplicates.

The characterization of tumor-infiltrating lymphocytes
(TILs) prior to the unspecific and/or antigen-specific triggering
ex vivo represents a serious technical challenge. Multiple stud-
ies have reported a phenotypic analysis of TILs following rapid
T-cell expansion protocols that included the exposure of T cells
to a variety of strong unspecific stimuli including fetal calf serum,
the exogenous supply of recombinant cytokines and irradiated
allogeneic feeders.”>"** Here, we report the ex vivo phenotypic
analysis of intratumoral and circulating T cells simultaneously
obtained from NB patients. Such a comparison is essential for
the rational design of novel immunotherapeutics against NB.
To date, the characterization of TILs in pediatric neoplasms
in respect to phenotype, clonality, specificity, frequency and
response to expansion protocols in vitro is sparse, as compared
with other oncological settings such as melanoma. In this latter
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case, a bulk of detailed studies have contributed to TIL therapy
becoming a successful story for the treatment of metastatic mela-
noma patients, with some clinical trials reporting > 50% response
rates.”? Interestingly, several features of isolated, non-manipu-
lated TILs from NB patients, such as a skewing toward CD8" vs.
CD4* T cells, the presence of a large proportion of effector mem-
ory-like T cells and the retention of reactivity against autologous
tumor cells have also been observed after the application of rapid
expansion protocols to TILs from melanoma patients.?”*® It still
needs to be elucidated whether such immunologically favorable
features are characteristic of TILs invading neural crest-derived
tumors, such as melanoma and NB, or if they extend to TILs of
different origin.

The analysis of immune activation and/or suppression in
human tumors is hampered by logistical and ethical limitations.
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Some insights into this process can be gained by comparing the
composition, phenotype and functional characteristics of circu-
lating and intratumoral T cells. Here, we present a comparative
analysis of T-cell populations from 2 different compartments, the
peripheral blood and the neoplastic lesions of NB patients, per-
formed within a minimal period of time after tumor excision and
without exposure to any mitogenic stimulus ex vivo. Importantly,
the genetic analysis of tumor specimens demonstrated that
patients of all genetic subsets, as defined by Carén et al.,”?* were
included into our study (Table 1).

The analysis of the whole cell content of NBs by flow cytom-
etry revealed CD3* cell populations in all examined specimens,
which in some cases represented up to 18% of the total cell
number (Table 1; Fig. 1). These findings are in striking con-
trast with some previous reports, which failed to detect lym-
phoid infiltration in NBs.®' This surprisingly high degree of
tumor-associated lymphocytic infiltration is unlikely to be an
artifact due to the contamination of tumor samples with periph-
eral blood lymphocytes, as our subsequent analysis demonstrated
that these 2 compartments significantly differ in their composi-
tion. First, we observed that CD8* T cells prevail over CD4* T
cells in the tumor lesions derived from most patients, where in
some cases the CD4*/CD8* T-cell ratio was 4- to 5-fold lower
than in the peripheral blood. CD4*/CD8* T-cell ratios in the
PBLs of NB patients were similar to those previously observed
in a large cohort of healthy donors.?* Different molecular events
may lead to the skewing of the CD4*/CD8* T-cell ratio at the
NB site, including a differential homing efficacy, a differential
proliferative capacity and/or a differential viability at the tumor
site of CD4* and CD8* subsets. We found that the physiological
CD4*/CD8" T-cell ratio in PBLs could be altered by exposure to
autologous tumor cells in vitro, notably toward the ratio that we
observed in TALs. The actual reason for the altered CD4*/CD8*
T-cell observed within NB lesions is currently not clear. It has
previously been reported that human NB cells induce T-cell
apoptosis via FAS-FASL interactions.”* However, we failed to
detect FASL expression in the primary NB cells analyzed in this
study (data not shown). Although we cannot formally exclude
that NB cells possess other factors causing the demise or block-
ing the proliferation of CD4* T cells, this appears unlikely as
we repeatedly detected the expression of activation markers
on CD3*CD4* T cells at levels that were comparable to those
observed on CD3*CD8* cells (Fig. 2A). Similar results demon-
strating a preferential presence of CD8* T cells in various solid
tumors and their correlation with prognosis have been reported
in various settings during the last decade.?-¢

The presence of T cells with potential regulatory properties
(Tregs) was investigated using the intracellular marker FOXP3.
Though the ectopic expression of FOXP3 confers regulatory
capacities to CD4* cells, FOXP3 may also be expressed transiently
upon T-cell activation. Therefore, the regulatory potential of
FOXP3* cells should be measured directly, as their ability to sup-
press the activation of effector T cells. Due to the limited amount
of material that was available for our study, we could not accom-
plish this. Notably, we detected decreased levels of FOXP3 in TALs
as compared with PBLs in 2 patients (Fig. 2B). It was recently
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shown that patients affected by Stage 4 non-MYCN amplified
NB exhibiting FOXP3 expression levels above the median have
a reduced 5-year event-free survival,” suggesting that the expres-
sion of FOXP3 in NB samples is relevant for disease outcome. A
previous attempt to define immune responses in high-risk vs. low-
risk NBs concluded that adaptive immune responses would play
a role in disease progression. However, this study was limited by
the fact that the authors did not investigate tumor tissues by flow
cytometry, but relied only upon a few peripheral blood samples.?®
These data from our cohort suggest that the NB milieu favors the
specific activation of T cells at the tumor site rather than the accu-
mulation of immunosuppressive Tregs. This hypothesis is sup-
ported by a number of additional lines of experimental evidence.
First, a selective enrichment of CD8* T cells bearing a memory
phenotype was detected at the tumor site as compared with the
peripheral blood (Fig. 3). Second, a higher proportion of cells
expressing the surface IL-2 receptor a chain was observed among
TALs as compared with autologous PBLs (Fig. 2A). Third, a
variable but significant upregulation of CD25 was observed in 5
out of 7 PBL samples exposed to autologous tumor cells in vitro
(Fig. 4B). Fourth, the exposure of PBLs to tumor cells stimulated
the production of various cytokines including IFNy and TNFa
(Table 2). Fifth, a decreased production of TGF was detected
in 6 out of 7 PBL specimens co-cultured with autologous tumors
(Table 2). Of note, an elevated expression of TGEF, one of the
cytokines believed to mediate the immunosuppressive activity of
Tregs," has been correlated with a reduced 5-year event-free sur-
vival in non-MYCN amplified NBs.?” Sixth, the memory T-cell
pools, central and effector memory T cells in particular, were sig-
nificantly increased in both the CD8* and CD8- cell subsets of
CD3* PBLs exposed to autologous tumor cells (Fig. 4). Finally,
we were able to detect a substantial number of proliferating T cells
in situ and TCR aggregation at the sites of interaction between T
lymphoctyes and tumor cells (Fig. 1B).

The exposure of PBLs to autologous tumor resulted in a promi-
nent alteration in cytokine secretion. As mentioned above, a ten-
dency toward the enhanced secretion of T, 1 cytokines such as
IFNvy and TNFa was observed, whereas the immunosuppressive
factor TGF[ was decreased in most cases. The expression of T ;2
cytokines such as IL-4, IL-5 and IL-10 was low in all primary
tumor and PBL specimens, and was not significantly increased
upon the exposure of lymphocytes to tumor cells (Table 2). IL-8,
which is often defined as an angiogenic and metastasis-promoting
factor,” was the dominant cytokine produced by primary tumor
cells, which is in agreement with previous data.” The high levels of
IL-8 produced by PBLs indicate that the cellular source of IL-8 in
NB patients may reside outside of the tumor microenvironment.

It is important to stress that the interpretation of changes
in cytokine production by PBLs exposed to NB in co-culture
experiments described herein must consider the presence of TALs
that contribute to cytokine secretion. We have noted, however,
that in all control tumor samples incubated in parallel with “co-
culture” samples, T cells gradually declined in number and were
barely detectable at day 8, when the analysis was usually per-
formed. This may possibly be explained by the low dose of IL-2

(10 IU/mL) used in our experiments. Therefore, the contribution
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of TALs to cytokine production in these experiments is expected
to be minor and the observed changes most probably reflect the
alterations inflicted by NB cells to PBLs.

The activated phenotype of NB-infiltrating lymphocytes
appears paradoxical in the light of obvious tumor progression.
Current methodologies are not sufficiently advanced to directly
demonstrate the specific recognition of malignant cells by TILs
in patients. It is also difficult to assess the impact of T-cell activa-
tion on tumor progression in situ. However, several observations
discussed above support an ongoing interaction between TALs
and tumor cells within NB lesions. Furthermore, our previously
published data suggest that even unspecific T-cell activation
could result in strong suppressive effects on NB cells.* One must
conclude that the extent of naturally occurring TAL activation
in NBs is not sufficient for mediating antitumor effects. This
may result from the suppression of CTL activation by factors
produced within the tumor microenvironment. Alternatively, an
intense proliferation of tumor cells may overcome the antineo-
plastic effects of local immune responses. In this light, we suggest
that the adoptive transfer of activated CTLs capable of resist-
ing an immunosuppressive microenvironment may add up to the
TAL pool and limit tumor progression.

In conclusion, our study demonstrates the presence of acti-
vated T cells within primary NBs and the possibility for autolo-
gous T cells to become activated in the presence of NB cells.
Further studies on the crosstalk between TALs and NB cells may
help to exploit the immune system for the treatment of children

affected by this dreadful disease.
Materials and Methods

Patient material. Primary samples from NB lesions were iso-
lated from 8 patients with NB diagnosed and treated at Astrid
Lindgren Children’s Hospital, Stockholm, Sweden. Informed
consent was obtained from all patients/parents and all experi-
ments were performed in accordance with permission obtained
from the ethical committee. Diagnosis and staging were defined
according to international criteria.”* A single-nucleotide poly-
morphism (SNP)-based CGH array revealed that the tumor
samples included in the study represented all different genetic
subsets, as recently defined®-*° (Table 1). Two of 8 patients died
from progressive tumors, whereas the other 6 survived for more
than 3 years following diagnosis. Freshly isolated single cell sus-
pensions were kept in FCS-free AIM-V culture medium contain-
ing 100 IU/mL penicillin, 100 pg/mL streptomycin and 20 g/
mL ciproxofloxacin (complete AIM-V) throughout the experi-
mental procedures. PBLs were isolated from fresh blood drawn
obtained on the day of surgery and purified by density gradient
separation through Ficoll-Paque (Amersham Biosciences).
Antibodies and recombinant cytokines. Allophycocyanin
(APC)-conjugated anti-CD3 and anti-CD45RA (561811 and
550855, respectively), fluorescein isothiocyanate (FITC)-
conjugated anti-CD4, anti-CD25 and anti-CD3 (561842,
555431 and 561806, respectively), peridinin chlorophyll pro-
tein (PerCP)-conjugated anti-CD8 and anti-CD4 (347314
and 5500631, respectively), R-phycoerythrin (RPE)-conjugated
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anti-CCR7 (150503) and the respective fluorochrome-conjugated
isotype control antibodies were purchased from BD Pharmingen.
The human regulatory T-cell staining kit and buffer were pur-
chased from eBioscience (12-4777-41 and 00-5523, respectively).
Recombinant human IL-15 and IL-7 were from R&D Systems
(247-IL-005 and 317-ILB-050 respectively) and recombinant
human IL-2 was from PeproTech (200-02).

Flow cytometry. The analysis of surface molecules was per-
formed either on the day of tumor excision or, in co-incubation
experiments, as indicated. Single-cell suspensions generated from
a piece of tumor were incubated with specific fluorochrome-
conjugated primary antibodies or with relevant isotype control
antibodies for 30 min on ice, washed in 0.1% BSA (in PBS) and
analyzed on a FACScan flow cytometer (Becton Dickinson). The
extent of T-cell infiltration in each NB was determined on the
day of tumor excision and defined as a percentage of CD3" cells
within the given tumor specimen detected in a broad forward/
side scatter gate that includes all events with a size and granular-
ity compatible with live cells (cell debris were excluded from the
analysis). Since the CD3 marker was used in multiple staining
sets on the same tumor (CD3/CD4/CD25, CD3/CD4/CD8
and CD3/CD8/CD45RA/CCR7), the percentage of CD3* cells
was calculated as average of values obtained from at least 3 dif-
ferent stainings. The detection of FOXP3* T cells was performed
using the Human Regulatory T-cell Staining Kit (eBioscience),
according to manufacturer’s instructions. Briefly, 5 x 10> cells
obtained from the total NB mass were first stained with anti-
CD4-FITC antibodies for 30 min on ice and washed 3 times in
0.1% BSA (in PBS) followed by fixation and permeabilization.
Next, after extensive washing in permeabilization buffer and
pre-incubation with 2% rat serum for 15 min on ice, total cell
suspensions were exposed to either a FOXP3-specific antibody or
the relevant isotype control. All flow cytometry data were ana-
lyzed using the Flow Jo software (TreeStar).

Co-culture experiments. A total number of 5 x 10* PBLs was
incubated with autologous tumor cells at a 1:5 ratio in 200 pL
complete AIM-V medium in 96-well U-bottom shaped culture
plates. As control conditions, PBLs and tumor cells were incu-
bated separately at corresponding cell numbers and cell density.
Cultures were maintained at 37°C 5% CO, in complete AIM-V
containing 10 U/mL IL-2, 50 ng/mL IL-7 and 50 ng/mL IL-15.
At day 8 of incubation, culture supernatants were collected and
stored at -20°C for cytokine analysis, whereas cells were analyzed
by flow cytometry as described above.

Quantification of cytokines. Co-culture supernatants were
analyzed for the presence of IL-2, IL-4, IL-5, IL-6, IL-7, IL-8,
IL-10, IL-13, GM-CSF, IFNy and TNFa using the human
cytokine 13-Plex premixed kit according to the manufacturer’s
instruction. The concentration of TGF3 was assessed using an
ELISA kit according to the manufacturer’s instructions.

Immunohistochemical analysis. Formalin-fixed paraffin-
embedded tissue sections were deparaffinized in xylene and
graded alcohols, hydrated and washed in PBS. Antigen retrieval
was performed in sodium citrate buffer (pH 6) in a microwave
oven. Sections were incubated overnight at 4°C with monoclo-
nal mouse anti-human CD3 antibody (DAKO, M7254) and
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rabbit polyclonal anti-Ki67 (Thermo Scientific, RM-9106-50).
Secondary anti-mouse Alexa 488® and anti-rabbit Alexa 599°
conjugates were employed. Matched isotype antibodies were
used to control for nonspecific background staining. Sections
were mounted in a DAPI-containing medium (Southern Biotech,
0101-20) and examined in an Axiophot photomicroscope (Zeiss).
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