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Abstract
Immune-mediated cancer regression requires tumor infiltration by Ag-specific effector T cells, but
lymphocytes are commonly sparse in melanoma metastases. Activated T cells express CXCR3,
whose cognate chemokines are CXCL9/MIG, CXCL10/IP-10 and CXCL11/I-TAC. Little is
known about expression of these chemokines in lymph node (LN) metastases of melanoma. We
evaluated whether metastatic melanoma induces these CXCR3-cognate chemokines in human LN-
derived tissues. Also, because these chemokines can be induced by interferon (IFN), we evaluated
whether type I or II IFNs (IFN-α or IFN-γ, respectively) can modulate chemokine expression in an
in vitro model of the human tumor microenvironment. Production of CXCL9-11 by melanoma-
infiltrated nodes (MIN) was no different than tumor-free nodes (TFN); both produced less
chemokine than activated LN (sentinel immunized nodes, SIN). These data suggest melanoma
infiltration into LN neither induces nor reduces CXCL9-11. Stimulation with IFN-α or IFN-γ
increased production of CXCL10-11 from MIN, but not TFN or SIN. IFN-γ also increased
production of CXCL9 in MIN. In IFN-treated SIN, CD14+ cells were the primary source of
CXCL9-11, whereas melanoma cells were the source of chemokine in MIN. Melanoma cells in
MIN express IFN receptors. Consistent with these observations, multiple human melanoma lines
expressed IFN receptors and produced CXCL9-11 in response to IFN treatment. Thus, melanoma
infiltration of LN is insufficient to induce the production of CXCL9-11, but melanoma may be a
significant source of IFN-induced chemokines. Collectively, these data suggest that IFN-α or IFN-
γ may act in the tumor microenvironment to increase the chemotactic gradient for CXCR3+ T
cells.
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Introduction
Effective immune therapy of cancer, whether using cancer vaccines or adoptive cellular
therapy, arguably requires infiltration of antigen-specific effector T cells into the tumor
microenvironment. However, metastatic melanomas often lack significant numbers of
tumor-infiltrating lymphocytes (TIL)1, regardless of the presence of circulating tumor Ag-
specific T cells. Lymphocyte extravasation and homing into tumor compartments is
mediated, in part, by tissue-derived chemotactic molecules (chemokines) acting on surface-
expressed G-protein-coupled receptors (chemokine receptors, CCRs). The absence of TIL
may reflect inappropriate CCR expression by tumor-specific lymphocytes, or the lack of a T
cell-chemotactic gradient at the site of tumor.

We demonstrated an association between duration of survival in patients with regionally
metastatic melanoma and the presence of circulating tumor-reactive CD8+ T cells expressing
the tissue-homing receptor (CXC chemokine receptor 3, CXCR3)2, suggesting that CXCR3
may facilitate or enhance T cell entry and control of melanoma metastases. CXCR3 is
expressed on activated effector lymphocytes3;4, and vaccination with synthetic peptides in
adjuvant5 induces populations of CXCR3+ melanoma Ag-specific CD8+ T cells*. T cells
expressing CXCR3 and tissue-specific integrins achieve firm adhesion to vascular
endothelium and extravasate into tissues rich in the CXCR3-cognate chemokines (CXCL9/
MIG, CXCL10/IP-10 and CXCL11/I-TAC)6-9, and CXCL10 expression has been
specifically associated with T cell recruitment to metastatic tumors10-12. Kunz and
colleagues10 demonstrated lymphocytic clustering in areas of metastatic melanoma with
high staining for CXCL10, suggesting that a subset of melanoma lesions attract CXCR3+ T
cells through production of CXCL10, and possibly other chemokines, in the tumor
microenvironment. CXCR3 has also been demonstrated to mediate lymph node (LN)
infiltration by CD62L-CCR7- effector T cells6, suggesting that immune control of lymphatic
metastases may require the local expression of CXCR3-cognate chemokines. However, the
production of these chemokines has not been evaluated in melanoma-infiltrated human
lymphoid compartments.

In a variety of cells and tissues, type I and II interferons (IFN-α/β and IFN-γ, respectively)
induce the expression of CXCL98, CXCL1013, and CXCL1114, and IFNs are being
investigated therapeutically in a variety of clinical settings, including melanoma15. IFN-α
(Intron A®) is an approved agent for adjuvant systemic therapy in advanced melanoma16,
and neoadjuvant therapy with high dose IFN-α was recently reported to induce objective
tumor regression and to increase CD3+ cell infiltration in regional node metastases of
melanomas17 through an undetermined biologic mechanism. IFN-γ (IFN-γ Ib, Actimmune),
is FDA-approved for the treatment of chronic granulomatous disease and severe malignant
osteopetrosis18-20. Systemic IFN-γ was previously evaluated in adjuvant therapy studies for
melanoma without demonstrable clinical benefit 21;22. Arguably, a major limitation of
systemic administration of IFN is its potential to induce chemokines systemically, rather
than to induce local chemokine gradients. We are not aware of any prior studies of the local
effects of IFN on chemokine production by melanoma or melanoma-infiltrated lymph nodes.
Also, in anticipation of clinical studies of local or regional IFN therapy, we are interested in

*Unpublished observation, V.N. Moore and D.W. Mullins.
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defining the relative effects of type I and type II interferons on induction of the CXCR3-
cognate chemokines, a question that has not previously been addressed systematically.

In the present study, we demonstrate that infiltration by melanoma is not sufficient to induce
the production of CXCL9-11 in human LN, but that chemokine production by melanoma
cells – but not melanoma-associated lymphoid cells – can be induced by treatment with
recombinant IFN. These data demonstrate a fundamental defect in CXCR3 chemotactic
activity in melanoma-infiltrated LN and suggest a novel approach for combination vaccine/
cytokine therapy to restore the chemotactic gradient and to enhance T cell infiltration of
melanoma metastases.

Materials and Methods
Reagents

Recombinant human IFN-α (Intron A®) was purchased from Schering Corporation.
Recombinant human IFN-γ, Abs for flow cytometric detection, and reagents for ELISA-
based quantification of CXCL9, CXCL10, CXCL11, and CCL21 were purchased from R&D
Systems.

Human tissue samples
Peripheral whole blood samples were collected from nine healthy donors under informed
consent, as approved by the University of Virginia Human Investigation Committee (HIC,
protocol 10598). Whole blood was heparinized during collection. Melanoma involved
lymph nodes (MIN) and tumor-free nodes (TFN) were collected with informed consent from
patients as part of standard clinical care or under a previous clinical trial protocol (HIC
protocol 8380). Sentinel immunized LN (SIN) were collected from patients vaccinated with
4, 6 or 12 peptides under clinical trial protocols (HIC protocols 8878 & 10464)23;24.
Independent pathology review of specimens (University of Virginia Department of Clinical
Pathology) confirmed the presence of melanoma in MIN and the absence of melanoma in
TFN and SIN. Tissue from MIN and TFN were first rendered into single cell suspensions by
mechanical dissociation, and remaining solid fragments were enzymatically digested with
collagenase, deoxyribonuclease I and hyaluronidase for 2-24 hours, then viably
cryopreserved in 10% DMSO and fetal calf serum or human AB serum and stored in liquid
nitrogen until evaluation. SIN samples were rendered into single cell suspensions by
mechanical dissociation, without enzymatic digestion, then viably cryopreserved in 10%
DMSO and fetal calf serum or human AB serum and stored in liquid nitrogen until
evaluation.

Melanoma cell lines
Melanoma cells lines were obtained from Duke University (DM93, DM331) or established
from patients at the University of Virginia (VMM12, VMM15, VMM18, VMM19,
VMM39), with IRB approval or waiver (HIC protocols 5202 and 6346). MV3 cells were
provided by Dr. Soldano Ferrone (University of Pittsburgh). Melanoma cells were
maintained in RPMI-1640 media supplemented with 5% FBS, and cells were >98% viable
by Trypan blue staining at time of assay.

Chemokine production assays in LN samples
Cryopreserved viable single-cell suspensions (SCS) of human LN (5×105 mononuclear
immune cells per mL) were plated in 48 well tissue culture cluster plates (Corning), then
rested at 37°C in a humidified 5% CO2 atmosphere for 12 h. Cell were then cultured for 24h
either 1) left untreated or 2) treated with 1×105 International Units (IU) of IFN-α or IFN-γ,
unless noted otherwise. Samples were then centrifuged, and cell-free supernatants were
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analyzed in triplicate for chemokine concentration by specific ELISA (R&D Systems), per
the manufacturer's protocol. Some cells were also analyzed for intracellular chemokine
expression by permeabilization with BD Biosciences Cytofix/Cytoperm and staining with
specific chemokine mAb or isotype control mAb (R&D Systems), including anti-CD45,
anti-CD14, anti-CD11c, and anti-S100. Stained cells were analyzed using a BD FacsCalibur
or Dako Cyan cytometer. Dead cells were excluded by staining with 7-AAD, and doublets
were excluded by FSC/SSC gating.

Assays for chemokine production by human melanoma cell lines
Established melanoma cells lines were cultured at 1×106 cells/well in 24-well tissue culture
plates and rested for 24 h, then cultured for 24 h either 1) untreated or 2) with 1×105 IU of
IFN-α or IFN-γ. Cell-free supernatants were evaluated for CXCL9-11, as described.

Evaluating effects of melanoma supernatants on whole blood
Melanoma cell supernatant was collected from 24h cultures of DM331 and DM93 cells
plated at 5×106 cells/ml. The cell-free supernatant from the melanoma cell lines was added
to one mL of whole blood samples from six normal donors at escalating doses from 0 to
1000 μL of melanoma supernatants. Additional medium was added to each sample as
needed to bring the total volume to 2 mL. The samples were incubated with 1) no treatment,
2) 1×105 IU of IFN–α, or 2) 1×105 IU IFN–γ. After 24 hours of incubation, the samples
were centrifuged and the supernatants were analyzed for production of CXCL9-11 via by
ELISA.

Evaluation of human melanoma cells for expression of IFN receptors
Melanoma cell lines were stained with antibodies MAB 245 (clone 85228, R&D Systems)
for IFN-αR1, MAB 6731 (clone 92101, R&D systems) for IFN-γR1, and an isotype-
matched control, and evaluated by flow cytometry. MIN were stained with the same IFN
receptor-specific Abs, as well as anti-CD45, anti-CD11c, anti-CD14, and anti-S100.

Statistical analyses
ELISA data are presented as mean ± standard deviation of triplicate determinations in a
single assay, and data are representative of at least 3 independent experiments. The
significance of difference in the production of CXCL9-11 was determined using a Student's t
test, or a Wilcoxon-Mann-Whitney test when the data did not meet normality criteria, using
SigmaStat (Systat Software). Pairwise analysis of variance (ANOVA with 95% Tukey's
simultaneous confidence interval) was used assess differences in chemokine production in
response to cytokine treatments and calculated using Minitab 15 (Minitab Inc.). P values of
<0.05 were considered significant.

Results
Vaccination, but not infiltration by malignant melanoma, conditions lymph nodes for
production of CXCL9-11 and CCL21

Inflammation induces production of CXCR3-cognate chemokines on the luminal side of LN
HEVs6 through a TNF-α-dependent mechanism25. We anticipated that inflammation
(manifest by CCL21 production26;27) would be associated with production of the CXCR3-
cognate chemokines in human LN. Further, because of the growing link between
inflammation and cancer, we hypothesized that infiltration by melanoma may induce,
directly or indirectly, the production of those chemokines in human LN. To test these
possibilities, we measured CXCL9, CXCL10, CXCL11, and CCL21 production by single-
cell suspensions (SCS) of MIN and TFN from melanoma patients and SIN from patients
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receiving experimental multipeptide vaccines with Montanide ISA-51 adjuvant 23;24. During
short-term (24h) culture, CXCL9-11 production by TFN and MIN samples was not different
(Fig. 1A-C, p>0.05, corrected for multiple comparisons). However, SIN samples produced
significantly (p<0.05) greater quantities of CXCL9, CXCL10, and CXCL11 protein than
TFN or MIN samples (Fig. 1A-C). SIN drain inflamed skin at the site of the melanoma
vaccine and thus are expected to be reactive nodes26, and SIN produced significantly more
CCL21 than TFN and MIN (Fig. 1D). In additional studies, chemokine production by MIN
was independent of the method of tissue disaggregation (enzymatic or mechanical,
Supplemental Fig. 1 Supplemental digital content 1 http://links.lww.com/JIT/A81). Thus, in
primary human LN suspensions, we do not observe evidence of CXCR3-cognate chemokine
production or induction of conditioning as a consequence of melanoma infiltration, whereas
all three CXCR3-cognate chemokines are induced in the vaccine-reactive lymph node, in
parallel with CCL21 production.

Type 1 and Type 2 interferons induce CXCR3 chemokine production in melanoma-
infiltrated lymph node samples

IFN priming has been shown to induce the production of CXCL9-11 in LN25. We
hypothesized that addition of type I or type 2 IFNs would induce or increase the production
of these chemokines, both in MIN and TFN. Optimization assays, to determine the optimal
IFN dose and timing of IFN treatment, were performed using whole blood from normal
donors (Supplemental Fig. 2 supplemental digital content 2 http://links.lww.com/JIT/A82).
Neither IFN-α nor IFN-γ induced CXCR3 ligand production by TFN samples (Fig. 2 A-C).
However, in MIN samples, IFN-γ induced significant CXCL9-11 production, compared with
untreated, and IFN-α treatment significantly increased CXCL10 and CXCL11 production
(Fig. 2 B-C). Interestingly, the SIN cells, already producing CXCL9-11, were not responsive
to IFNs for any further increase in chemokine production. Whereas melanoma infiltration is
insufficient to induce CXCR3-cognate chemokine production, IFN treatment induces MIN
samples, but not TFN, to produce CXCL9-11. Further, IFN-γ is more potent than IFN-α, on
a unit-equivalency basis, for the induction of total CXCR3-cognate chemokine production.

Melanoma cells are the major contributors of CXCR3 ligands in the tumor involved lymph
node

After finding that presence of tumor, rather than activation status, was associated with IFN-
responsive chemokine production in human LN samples, we hypothesized that melanoma
cells may be the source of IFN-induced CXCL9, CXCL10, and CXCL11 in MIN samples.
We first evaluated IFN-γ-treated LN samples by intracellular flow cytometric staining for
chemokines (Fig. 3). Melanoma cells were identified as S100+ CD45neg CD11cneg cells, in
order to exclude S100+ DC. CXCR3-cognate chemokines were low or absent in S100neg

cells, but the majority of melanoma cells (CD11cneg S100+) were strongly positive for each
of the three chemokines tested (Fig. 3A). In the CD45+ population, which includes CD14+

cells, there was no significant staining for CXCL9-11 (Fig. 3B). There was no detectable
CXCL9-11 in TFN samples (Fig. 3C), and CXCL9-11 staining in SIN was restricted to
CD14+ populations (Fig. 3D).

To validate further that melanoma cells are capable of IFN-induced chemokine production,
we evaluated established melanoma cell lines for IFN-α– and IFN-γ–induced production of
CXCL9-11, and for expression of IFN receptors. In seven of seven cell lines tested, IFN
treatment induced the production of at least one of the CXCR3-cognate chemokines (Fig. 4).
Similar data were obtained for MV3 (Supplemental Fig. 3 supplemental digital content 3
http://links.lww.com/JIT/A83), a cell line previously reported to lack constitutive CXCL10
gene expression10. All human melanoma cell lines tested (n=16) expressed both IFN-α and
IFN-γ receptors in a homogenous manner on the majority of cells (Fig. 5A-B). Further, in
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six of six MIN samples evaluated, melanoma (CD45neg CD11cneg CD14neg S100+ cells)
expressed IFN receptors (Fig. 5C) in a pattern consistent with that observed in cultured
melanoma cell lines.

Melanoma-derived factors do not suppress IFN-mediated chemokine production in whole
blood

Having found that the CD14+ population in IFN-treated SIN produced CXCL9-11, but that
IFN-treated MIN cells were negative for CXCL9-11 staining, we questioned whether
melanoma-derived factors may suppress IFN-induced chemokine production by IFN-
responsive lymphocytes. To test this possibility, we evaluated the effect of supernatants
from two melanoma cell lines (DM93 and DM331) on cells in whole blood from six healthy
volunteers. We have observed that DM93 and DM331 constitutively produce soluble
immunosuppressive factors, including transforming growth factor β1 (TGF-β1) and IL-10†.
Cells from all six donors produced CXCL10 and CXCL11 in response to IFN-α treatment,
and cells produced CXCL9, CXCL10, and CXCL11 in response to IFN-γ treatment (Fig. 6).
CD14+ cells were the primary source of IFN-induced chemokine (Fig. 7A). Melanoma
supernatant failed to quantitatively suppress CXCR3 ligand production (Fig. 6; pairwise
ANOVA p > 0.05 vs. untreated), regardless of IFN treatment. Addition of supernatant to
cultures did not reduce the percentage of CD14+ cells producing CXCL9 (Fig. 7B-C) in
response to IFN signaling (Fig. 7). Similar data were obtained for CXCL10 and CXCL11
production (not shown). These data support the hypothesis that IFN non-responsiveness of
CD14+ cells in MIN is not a consequence of soluble mediators produced by melanoma cells.

Discussion
The clinical value of vaccination-based active immunotherapy for cancer has been
challenged28 due to the relatively rare occurrence of objective clinical responses29.
However, immunogenicity has been demonstrated in a wide range of trial settings23;30-32.
The incongruity of progressive disease in patients harboring large populations of circulating
tumor Ag-specific lymphocytes likely reflects a qualitative rather than quantitative failure of
vaccine-induced T cells to mediate anti-tumor immunity. With regard to malignant
melanoma, the majority of tumors are poorly infiltrated by lymphocytes33-35, suggestive of
trafficking defects or tumor-mediated impediments to T cell access that limit the clinical
efficacy of immunogenic vaccination.

A potential barrier to T cell access of tumor or tumor-infiltrated LN may be a diminished or
deficient chemotactic gradient. Several lines of evidence have suggested that the CXCR3
axis is a critical component of T cell access of tumors. Rejection of tumors is significantly
enhanced36; infiltrating T cells co-localize with CXCL10 expression in malignant
melanoma10; and enhanced survival in patients with advanced metastatic melanoma
correlates with the presence of CXCR3-expressing tumor Ag-reactive CD8 T cells in
circulation2. In the present study, we evaluated human lymphoid compartments to determine
the impact of infiltration by malignant melanoma on production of CXCR3-cognate
chemokines. Our observation that production of CXCL9-11 by MIN is not different than
TFN strongly suggests that the presence of melanoma in LN is insufficient to generate the
signals that create or maintain an inflammatory environment. In murine and primate models,
CXCL9 and CXCL10 expression in draining lymphatics and luminal surfaces of HEV is
limited to inflammatory settings6;37 and may require priming by PAMPS or expression of
TNF-α38;39. Likely, TNF-α or other pro-inflammatory cytokines released by activated DC
are necessary to induce the expression of IFN receptors by LN stroma or resident immune

†Unpublished observation, J.L. Oliver and D.W. Mullins.
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cells in order to achieve IFN-mediated production of CXCL9, CXCL10, and CXCL11.
Infiltration of melanoma into LN may be inadequate to activate resident DC. Although we
observed that IFN-induced chemokine production by PBL is refractory to melanoma-derived
supernatant, the presence of melanoma in the LN may yet impede DC activation, thus
ablating LN inflammation and CXCL9-11 production. These possibilities remain under
investigation.

Induction of a CXCR3 ligand chemotactic gradient at the tumor may facilitate successful
active immune therapy of LN-infiltrating metastatic melanoma. A variety of cells produce
CXCL9-11 in response to IFN signaling, and we hypothesized that IFN treatment of LN
cells may induce chemokine expression. Interestingly, among the LN compartments
evaluated, only MIN-derived cells produced CXCL9-11 in response to IFN treatment, and
melanoma cells were the source of these chemokines. Even lymphocytes in the SIN, which
produced CXCL9-11 constitutively, did not increase production of those chemokines in the
presence of IFN. These observations suggest that the chemokine gradient in melanoma-
infiltrated LN may be uniquely amenable to pharmacologic modulation to induce or to
improve infiltration of effector T cells into the tumor microenvironment.

The paucity of chemotactic molecule production by MIN is consistent with the need for an
additional inflammatory agonist38;39. Untreated SIN samples produced CXCL9-11 but were
recalcitrant to IFN treatment, suggesting either that vaccination with adjuvant had induced
optimal chemokine production, or that requisite soluble inflammatory co-factors were lost in
the preparation of single cell suspensions, or that the chemokine response is differentially
controlled in the CD14+ cells of the SIN compared to the melanoma cells of the MIN.
Beyond the tumor environment, this observation has possible implications for immune
therapy. Activated SIN may harbor high levels of CXCR3 chemokines, chemoattracting the
exact antigen-specific, vaccine-derived T cells one hopes would go to tumor. It is
conceivable that extended vaccination schedules may induce this paradoxical effect to a
greater degree than vaccines administered once or twice, and this concept is worthy of
further study. From another perspective, it also may be feasible to target vaccine-induced T
cells to lymph nodes with microscopic tumor involvement by repeated vaccination at the
primary tumor site, with resultant expression of these chemokines in the nodes at most risk
for tumor. Ohtani and colleagues40 recently demonstrated that CXCR3+ T cells were
enriched in LN draining tumors that expressed CXCL9 and efficiently recruited CXCR3+

CTL. Further investigation into the source and duration of the CXCL9-11 production in
activated lymph nodes is needed.

The present study is unique in comparing the effect of these two FDA-approved IFNs on
production of CXCL9-11, and the data suggest the superiority of IFN-γ for this purpose.
Previous studies comparing the effects of IFN-α versus IFN-γ have been limited to murine
models41 or single cell suspensions of human neutrophils42 and myeloid-derived DC43. We
extend the literature by demonstrating that the CXCR3 chemokine axis in MIN is inducible
by IFN treatment, and that IFN-γ more potently induces the expression of CXCL9-11. These
data support the re-examination of IFN-γ as a therapeutic means to establish locally-active
chemotactic gradients at sites of melanoma metastases.

Our data lend a possible explanation for one of the mechanisms of the clinical effect of IFN-
α in the treatment of metastatic melanoma. CXCL9-11 were not upregulated with IFN-α in
normal LN or inflamed LN, suggesting that systemic therapy with IFN-α may be able to
induce chemokines selectively in the melanoma-infiltrated lymph node environment. We
have not evaluated whether other tissues (such as visceral resident macrophages or
endothelium) may also upregulate CXCL9-11 during IFN-α treatment. Further
investigations into the effects of systemic interferon treatment are needed to better
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understand the impact of IFN therapy on the chemokine gradient. Should IFN-α induce a
tumor-directed chemokine gradient in situ, it would support combining vaccines or adoptive
T cell transfer with IFN therapy as a means of directing CTL migration to tumors.

The paucity of IFN-induced CXCR3-cognate chemokine production in MIN-resident
monocytes remains unexplained. Possible explanations include tumor-suppression of
macrophage responsiveness to IFN, or the sequestration of CXCR3 ligands by CXCR3-
expressing melanoma cells acting as cytokine sinks. The former possibility is partially
discounted by the experimental observation that addition of melanoma-derived supernatants
to whole blood failed to block IFN-γ-induced production of CXCR3-cognate chemokines.
The later possibility is unlikely to render chemokine-producing macrophages negative for
intracellular chemokine staining. The MIN has been shown to be an immunosuppressive
compartment44 that limits the activation and infiltration of tumor-specific effector T cells45.
The paucity of T cells in MIN may be the consequence of suppressed chemokine production.
While the precise mechanisms the limit chemokine production in MIN remain undefined, it
may reflect a dysregulation of macrophage IFN receptor expression or function, consequent
to the absence of TNF in these lymph nodes. The mechanism warrants further study.

With regard to IFN-induced chemokine production by melanoma, we are aware of only a
single previous study that evaluated production of CXCL9-11 in human melanoma cells:
Kunz and colleagues reported that CXCL10 gene message was absent in two melanoma cell
lines studied (540 and MV3)10. However, in our hands, MV3 expressed both IFN-αR1 and
IFN-γR1 and also produced significant CXCL9, CXCL10, and CXCL11 protein in response
to IFN treatment. Our experimental measure is cumulative protein production over a 24 hour
period, as opposed to the reported single time-point determination of mRNA levels that may
have occurred after CXCL10 gene expression had ceased. We conclude that melanomas are
capable of CXCR3-cognate chemokine production, likely as a consequence of IFN receptor
expression, and future studies will evaluate chemokine production directly ex vivo. We
noted that IFN-γ more potently stimulated melanoma production of chemokines than
equivalent activities of IFN-α, but our studies stop short of determining whether this is a
result of differential cytokine activity, signal intensity, or receptor expression.

Our data suggest that IFN treatment may be a plausible maneuver to induce local CXCR3-
cognate chemokine production, thus enhancing CXCR3+ T cell infiltration of MIN.
Melanoma also expresses CXCR3 and utilizes this receptor for metastasis to LN46. Further,
expression of CXCR3 in primary melanoma coincides with other clinical and pathologic
markers of poor prognosis47. Therefore, amplification of the CXCR3 ligands may be called
into question. Preclinical and clinical studies will be required to exclude the possibility that
increased CXCL9-11 production in LN may chemoattract CXCR3-expressing melanoma
cells and worsen patient outcomes. Further, the potential risk of newly-migrating tumor cells
from the periphery into LN may be substantially offset by the increased migration of tumor-
specific T cells into the same nodes. Collectively, these data support investigations of IFN,
delivered in temporally-and spatially-constrained protocols, as biological mediators of
chemokine production as a means to enhance T cell infiltration of metastatic melanomas.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. SIN, but not TFN or MIN, produce CXCL9, CXCL10, and CXCL11
Viable cell suspensions from three tumor-free nodes (TFN), nine melanoma-infiltrated
nodes (MIN) and three sentinel immunized lymph nodes (SIN) were cultured in 48 well
plates at 5×105 mononuclear inflammatory cells per mL and incubated for 24 hours. The
supernatants were then assessed for CXCL9 (A), CXCL10 (B), CXCL11 (C), and CCL21
(D) production by ELISA. Data are individual ELISA results from one of three independent
assays with similar results. The horizontal line represents the mean of the population.
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Figure 2. IFN treatment induced or increased the production of CXCL9, CXCL10, and CXCL11
in MIN, but not TFN or SIN
Viable cell suspensions from tumor-free nodes (TFN), melanoma-infiltrated (MIN), and
sentinel immunized nodes (SIN) were plated in 48 well plates at 5×105 mononuclear
inflammatory cells per mL and incubated with media alone, 1×105 IU of IFN-α, or 1×105 IU
of IFN-γ for 24 hours. The supernatants were then assessed for CXCL9-11 production by
ELISA. Data are means ± standard deviation of ELISA results from one of three
independent assays. *, p < 0.05 vs. untreated; +, p < 0.01 vs. untreated.
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Figure 3. Melanoma cells, but not CD14+ cells, produce CXCL9, CXCL10, and CXCL11 in
response to IFN-γ treatment
A) Staining for S100 and CXCL9, CXCL10, or CXCL11 in melanoma-involved node
(MIN) cell suspensions, gated on CD45-CD11c- populations. B) Staining for S100 and
CXCL9, CXCL10, or CXCL11 in MIN suspensions gated on CD45+ cells. C) Staining for
CD14 and CXCL9, CXCL10, or CXCL11 in tumor-free node (TFN) cell suspensions, gated
to exclude dead cells and doublets. D) Staining for CD14 and CXCL9, CXCL10, or
CXCL11 in sentinel immunized node (SIN) cell suspensions, gated to exclude dead cells
and doublets. Data are representative from one of three similar experiments.
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Figure 4. Melanoma cell lines produce CXCL9, CXCL10, and CXCL11 in response to IFN-α or
IFN-γ treatment
Melanoma cell lines were cultured in 24 well plates at 1×106 cells per mL, either without or
with 1×105 IU of IFN–α or IFN–γ for 24 hours. The supernatants were assayed in triplicate
by ELISA for CXCL9 (A), CXCL10 (B), and CXCL11 (C). Data are means ± standard
deviation of ELISA results from one of three independent assays.
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Figure 5. Human melanoma cells express IFN-αR1 and IFN-γR1
A and B) Expression of IFN receptors on human melanoma cell lines DM93 (A) and
DM331 (B). Data are representative of staining for 16 human melanoma cell lines evaluated
(VMM5; VMM12; VMM15; VMM18; VMM19; VMM39; VMM150; MV3; SKMel2;
DM6; DM13; DM14; DM122; and DM281, not shown) from one of three similar
experiments. C) Representative data for IFN receptor expression on melanoma (CD45neg

CD11cneg CD14neg S100+) cells in MIN, from one of six MIN samples tested.
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Figure 6. Melanoma-derived factors fail to block IFN-induced production of CXCL9, CXCL10,
and CXCL11 by whole blood cells
A-C) Chemokine production by whole blood samples following co-culture with melanoma
supernatant and treatment with IFNs. Whole blood from a normal donor was incubated with
escalating quantities of supernatant from a cultured melanoma cell line, either in media
alone or with 1×105 IU of IFN–α or IFN–γ for 24h. The supernatants were assayed in
triplicate by ELISA for CXCL9 (A), CXCL10 (B), and CXCL11 (C). Data are means ±
standard deviation of pooled ELISA results from one of three independent assays using 6
normal donor patient samples.
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Figure 7. IFN-γ-induced CXCL9 in peripheral blood-derived CD14+ cells is refractory to
melanoma-derived factors
Normal donor PBL were incubated for 24h in media or with 1×105 IU of IFN–γ, and with or
without supernatant (50% of culture) from the DM93 melanoma cell line. Cells were stained
for CD14 and intracellular CXCL9. A) Staining for CD14 and CXCL9 in untreated PBL. B)
Staining for CD14 and CXCL9 in IFN-γ-treated PBL. C) Staining for CD14 and CXCL9 in
IFN-γ-treated PBL cultured with 50% melanoma supernatant. Data are representative from
one of three similar experiments.
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