
Evidence of Th2 polarization of the sentinel
lymph node (SLN) in melanoma

Travis E Grotz1, James W Jakub1, Aaron S Mansfield2, Rachel Goldenstein3, Elizabeth Ann L Enninga3, Wendy K Nevala2,
Alexey A Leontovich4, and Svetomir N Markovic3,*

1Department of Surgery; Mayo Clinic; Rochester; MN USA; 2Department of Oncology; Rochester; MN USA; 3Mayo Clinic Graduate School of Medicine; Mayo Clinic; Rochester MN

USA;
4Department of Health Sciences Research at the Mayo Clinic; Rochester MN USA

Keywords: CD4 T cells, CD8 T cells, immunotherapy, inflammation, lymphocytes, melanoma, sentinel lymph node, Th2
polarization, VEGF

Melanoma has a propensity for lymphatogenous metastasis. Improved understanding of the sentinel lymph node
(SLN) immunological environment may improve outcomes. The immune phenotype of fresh melanoma SLNs (n D 13)
were compared to fresh control lymph nodes (n D 13) using flow cytometry. RNA was isolated from CD4C T cells of the
SLN and control lymph node and assessed for Th1/Th2 gene expression pathways using qRT-PCR. In addition, VEGF
expression was compared between primary melanoma (n D 6) and benign nevi (n D 6) using immunohistochemistry.
Melanoma SLNs had fewer CD8C T cells compared to controls (9.2% vs. 19.5%, p D 0.0005). The CD8C T cells within the
SLN appeared to have an exhausted phenotype demonstrated by increased PD-1 mRNA expression (2.2% vs. 0.8%, p D
0.004) and a five-fold increase in CTLA-4 mRNA expression. The SLN also contained an increased number of CD14
(22.7% vs. 7.7%, p D 0.009) and CD68 (9.3% vs. 2.7%, p D 0.001) macrophages, and CD20 B cells (31.1% vs. 20.7%, p D
0.008), suggesting chronic inflammation. RT-PCR demonstrated a significant Th2 bias within the SLN. In vitro studies
demonstrated a similar Th2 polarization with VEGF treatment of control lymph nodes. The primary melanoma
demonstrated strong VEGF expression and an increase in VEGFR1 within the SLN. Melanoma is associated with Th2-
mediated “chronic inflammation,” fewer cytotoxic T cells, and an exhausted T cell phenotype within the SLN combined
with VEGF overproduction by the primary melanoma. These immunologic changes precede nodal metastasis and
suggests consideration of VEGF inhibitors in future immunotherapy studies.

Introduction

Metastasis to the regional lymph nodes is one of the most
important prognostic factors in melanoma and is associated
with a high risk of subsequent recurrence and death.1 Lym-
phatic mapping and SLN biopsy are techniques currently uti-
lized to identify the first tumor-draining lymph nodes which
represent the first site of contact between tumor-associated anti-
gens, the adaptive immune system and paradoxically, the first
expected site of metastasis. In order for melanoma tumor cells
to metastasize they must escape immune surveillance and mobi-
lize to the regional lymph nodes while avoiding immune detec-
tion within the SLN. Previous studies have demonstrated that
the regional lymph node basin is immunosuppressed in a gradi-
ent fashion with less mitogenic and alloantigen-induced lym-
phocyte proliferation in the lymph nodes nearest the primary
melanoma compared to those farthest from the effects of the
tumor.2 Studies demonstrate fewer and less responsive CD8C T
cells and an increase of suppressive CD4C T cells within the
lymph nodes nearest the tumor.3,4 The CD8C T cells that are
present have a significant reduction in the expression of the co-

stimulatory molecule CD28 indicating that the CD8C T cells
may not be adequately activated and primed.5 This suggests
that primary tumor-derived factors are suppressing the regional
immune response at an early stage. This immune subversion
may be critical to facilitate regional lymph node metastasis. A
better understanding of the regional immunological changes
and what potential soluble mediators are being released by the
primary tumor may lead to novel targeted therapeutic agents to
prevent metastasis of melanoma.

Patients with more advanced disease have profound systemic
immunological changes; including a significant decrease in acti-
vated dendritic cells, increase in regulatory T cells and exhausted
PD-1 expressing T cells, poor T cell function and a Th2 cyto-
kine profile.6 Th2 dominance and chronic inflammation may
be permissive to tumor progression and metastases as patients
with elevated inflammatory markers have a poor survival.7 We
hypothesize that these immunological changes may occur much
earlier, prior to hematogenous dissemination and may affect the
regional lymphatic system. Specifically, the Th2 dominance that
is present in metastatic melanoma may be present in the
regional lymph nodes and could be contributing to lymphatic
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metastasis of melanoma. Th2 polarization may be a therapeutic
target in early stage melanoma preventing or treating lympha-
togenous metastasis.

VEGF is an important immune modulator that suppresses
dendritic cell maturation and modulates lymphocyte endothelial
trafficking. VEGF is found in increased quantities within
peripheral blood of melanoma patients and is predictive of
response to immunotherapy with anti-CTLA-4 antibodies.8

VEGF has been implicated in Th2 polarization of systemic
immunity in metastatic melanoma, and treatment with anti-
VEGF antibodies has resulted in a significant increase in CD8C

cell infiltration and a significant decrease in the Th2 cytokine
IL-6.9,10 We hypothesize that VEGF production by the primary
melanoma induces Th2 polarization of the SLN and
impairment of the T cell response to tumor antigens. This
immune dysfunction may occur within the SLN at a very early
stage, prior to recognizable metastasis to the SLN, and may be
necessary to prepare the SLN for seeding of metastatic disease.
Herein, we provide prospective data in humans demonstrating
the immunological dysfunction of the SLN that precedes nodal
metastasis.

Results

Clinical parameters
Fresh SLNs were prospectively collected from 13 melanoma

patients and compared to fresh intramammary or low lying axil-
lary lymph nodes from 13 patients undergoing prophylactic mas-
tectomy. The clinical and pathologic characteristics of the
melanoma SLN cohort are illustrated in Table 1. Briefly, the
median age of the melanoma patients was 61 (range 45–65)
years, eight (62%) were males, and the most common location
was the axilla (11, 85%). The median Breslow depth was 1.2
(0.9–2.7) mm and only 2 (15%) were ulcerated. Tumor

infiltrating lymphocytes were non-brisk or absent in 12 (92%)
and brisk in only 1 (8%) tumor. Four (31%) patients had a posi-
tive SLN, while the rest were negative on H&E and IHC. The
median age of the patients from whom the control lymph nodes
were taken was 43 (range 38–59) years which was not different
than the melanoma patients (p D 0.2); all the controls were
female. There was no association between the clinical parameters
of age, sex, Breslow depth, ulceration, lymph node metastasis,
and SLN expression of immune cell type.

CD8 T cell depletion of the SLN
We previously demonstrated depletion of CD8C T cells

within the melanoma draining SLN compared to healthy control
lymph nodes using immunohistochemistry. This finding was evi-
dent regardless whether the SLN harbored metastasis.5 Whether
this depletion of CD8C T cells was due to apoptosis, failure of T
cell influx into the SLN, increased efflux of CD8C T cells out of
the SLN, or decreased expression of the CD8C receptor is
unknown. Using flow cytometry, we again found decreased
expression of CD3/CD8C cytotoxic T cells within the melanoma
SLN compared to the control lymph nodes (SLN 9.2% § 4.9%
vs. Control 19.5% § 7.4%, p D 0.0005) (Figs. 1A and B). The
decrease in CD8C T cells within the SLN occurred regardless of
whether the SLN harbored metastasis or not. The relative
decrease in CD8C T cells was not due to a relative increase in
CD4C helper T cells or total number of T cells, because these
populations were similar within the SLN and control LN. Also,
the decrease in CD8C T cells was constant when the absolute cell
count was analyzed. In addition, there was no change in the ratio
of CD8C and CD4C positive CD3 T cells and no difference in
the incidence of T cell death (as quantified by propidium iodine).
Therefore, we questioned whether the trafficking of CD8C T
cells was altered within the SLN. Given the importance of
CD62L and CD69 expression for both T cell entry into the SLN
and efflux out of the SLN, respectively, we compared the expres-
sion of CD3C CD62LC and CD3C CD69C T cells between the
different LNs. The SLN had greater expression of CD62LC

CD3C T cells than the control LN, (32.4% § 15.4% vs.
9.2% § 10.5%, p D 0.0002, respectively, Fig. 1C suggesting an
increased proportion of naive T cells.

Further evidence of dysfunctional T cell trafficking in mela-
noma comes from RNA expression arrays from the CD4C and
CD8 TC cells within the SLN and controls. The most striking
differences we noted were an increase in the expression of CCR2
(six-fold) and CCR4 (six-fold) mRNA within the CD4C T cells
of the SLN (Table 2). These chemokines are associated with traf-
ficking of Th2 and regulatory T cells which suggests that these
cells are being recruited to the SLN prior to metastasis from the
melanoma.11 Meanwhile, expression of CCL5 (RANTES), an
important chemokine associated with delaying tumor growth by
enhancing CD8C T cell infiltration and effector function was
decreased (five-fold) within CD8C T cells residing in the mela-
noma SLN resulting in a 12-fold downregulation of CD40L
expression and suggest impaired T cell priming and function
(CD8C data not shown).12

Table 1. Clinical and pathological characteristics of the thirteen patients
who underwent sentinel lymph node biopsy for melanoma and the thirteen
control patients undergoing prophylactic mastectomy (median and IQR or
number and frequency are reported)

Characteristics Melanoma (n D 13) Breast (n D 13) p value

Age 61 (45–65) 43 (38–59) 0.2
Sex
Male 8 (62%) 0 (0%) <0.001
Female 5 (38%) 13 (100%)

Location
Axilla 11 (85%) 16 (100%) 0.33
Inguinal 2 (15%) 0 (0%)

Breslow depth 1.2 (0.9–2.7) NA
Ulceraton 2 (15%)
TIL response NA
Brisk 1 (8%)
Non-brisk 11 (85%)
Absent 1 (8%)

SLN status NA
Positive 4 (31%)
Negative 9 (69%)
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Exhausted T cells
The CD8C T cells pres-

ent within the SLN appear
to have a functionally
“exhausted” phenotype as
demonstrated by a slightly
greater expression of PD-1
(SLN 2.2% § 1.1% vs.
Control 0.8% § 0.9%, p D
0.004) on flow cytometry
(Fig. 1D). Although we did
not find an increase in
CTLA-4 expression by
CD3 T cells using flow
cytometry, we did find a
five-fold increase in CTLA-
4 RNA expression specifi-
cally by CD8C T cells
within melanoma SLN
compared to controls (data
not shown). Neither of these markers of exhaustion was associ-
ated with SLN metastasis. This analysis, however, is limited by
our small (n D 4) sample size of positive SLNs. IFNg gene
expression by CD4C T cells was decreased three-fold in the SLN
(Table 2). Because IFNg is a key cytokine in the antitumor
immune response and CD4C T cells are the major cellular source

of IFNg; this decrease in IFNg gene expression by CD4C T cells
within the SLN may allow melanoma to disseminate and prolif-
erate within the lymph node.13 The observed downregulation of
the IFNg signaling pathway in CD4C T cells residing within the
SLN appears to be an early step toward the systemic depression
of IFNg signaling found in metastatic melanoma.14

Th2 polarization of the SLN in melanoma
We have previously reported Th2 polarization of CD4C T

cells from patients with metastatic melanoma compared to
healthy controls;6 however, we were unable to detect systemic
Th2 polarization in non-metastatic melanoma. We hypothesized
that Th2 polarization may occur within the regional lymph nodes
in localized melanoma. In the current study, we utilized flow
cytometry (n D 13) and found an influx of CD68C macrophages
(SLN 9.3% § 6.8% vs. Control 2.7% § 1.8%, p D 0.001),
CD14 macrophages (SLN 22.7% § 18.7% vs. 7.7% § 5.6%,
p D 0.009), as well as CD20 B cells (SLN 31.1% § 5.4% vs.
Control 20.7% § 2.8%, p D 0.008) within the SLN, suggesting
a chronic inflammatory state (Table 3). Using non-supervised
hierarchical clustering of gene expression data, we found signifi-
cant increases in Th2 proliferation, migration, and cell quantity
with a concomitant decrease in Th1 proliferation, migration, and
cell quantity within the melanoma SLN compared to controls
(Fig. 2). Of the 86 Th1 and Th2 pathway genes evaluated, 57
were expressed at comparable levels in CD4C T cells from mela-
noma SLN and control LN (not shown), 17 were upregulated,
and 8 were downregulated in SLNs (Table 2). Notably, there
was increased expression of the Th2 cytokines IL-13 (5-fold
increased), IL-13R (20 fold increased), IL-4 (3-fold increase), IL-
6R (4-fold increase), TGF-b (15-fold increased), and TNF-a (7-
fold increase) in SLNs. Likewise, there was a decrease in Th1
cytokines and transcription factors in SLNs; IFNg (3-fold reduc-
tion), IL-12B (5-fold reduction), CCL5 (RANTES) (8-fold
reduction), IRF4 (5-fold reduction), SOCS1 (3-fold reduction)

Figure 1. Artist depiction of technique for obtaining fresh nodal tissue from the sentinel lymph node for immuno-
logical analysis without compromising pathological analysis. The surrounding fat is removed from the sentinel
lymph node and the node is sectioned into 2 mm gross sections. Each section is placed on a cryotome and a single
shaving is removed from the top prior to freezing. This tissue is collected for immunological profiling. The remainder
of the 2 mm section is then utilized for pathological analysis. On average there were four 2 mm sections processed
resulting in four shavings from throughout the sentinel lymph node.

Table 2. Melanoma SLN CD4C T helper cell gene expression of particular
interest to Th1 and Th2 function

Gene name Fold change Function

Increased expression
IL-13R 20.28 Receptor for IL-13
TGFB3 15.33 Inhibitory cytokine produced by

regulatory T cells
STAT6 10.94 Downstream mediator of IL-4 signaling
STAT4 9.43 Th1 signaling
TNF 7.48 Chronic exposure impairs T cell activation
CCR4 6.36 Preferentially expressed by Th2 cells
CCR2 6.17 Chemokine for monocyte infiltration
IL-13 4.93 Th2 cytokine
IL-6R 4.66 Th2 cytokine
CD40LG 4.26 Co-stimulatory and regulates B cell function
IL-17A 3.83 Chronic inflammatory cytokine
CREBBP 3.79 Th2 transcription factor
NFATC1 3.64 Th2 transcription factor
CCR5 3.55 Potentiates interaction between

T cell and APC
NFATC2 3.43 Th2 transcription factor
CSF2 3.32 Stimulates granulocytes and monocytes
IL-4 3.05 Th2 cytokine

Decreased expression
CCL5 0.12 Migration of Th1 T cells
SOCS2 0.13 negative regulator of Th2 polarity
TLR6 0.18 Drives Th1 response
IL-12B 0.19 Th1 cytokine
IRF4 0.21 maintains Th1 polarity
IFNg 0.27 Th1 cytokine
SOCS1 0.29 maintains Th1 polarity
CD4 0.31 T helper cell expression
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and SOCS2, a negative regulator of Th2 differentiation (8-fold
reduction) (Table 2).

The neighboring non-SLN is affected but to a lesser degree
The neighboring non-SLN had an immune cell profile that

was intermediary to the SLN and the control lymph node. These
profiles are evident in Fig. 1A where the percentage of CD8C T
cells within the non-SLN is intermediate to the control and
SLN. Similarly, the non-SLN had expression of CD20C B cells,
CD14C and CD68C macrophages that was intermediate to the
controls and SLN (Table 3). The non-SLN also had an increase
in the expression of PD-1 compared to controls (2.3 § 1.3 vs.
0.7 § 0.9, p D 0.005), as well as a two-fold increase in regulatory
T cells (51.1 § 26.4 vs. 25.4 § 13.0, p D 0.007, respectively)
(Table 3). In contrast, the number of regulatory T cells within
the SLN was comparable to the control lymph nodes. Interest-
ingly, there were no differences observed between non-SLN and
SLN (except effector T cells).

VEGF A as a soluble mediator of SLN Th2 polarization
We have previously identified VEGF A as a potential media-

tor of systemic Th2 polarization within metastatic melanoma.6

Pathway analysis revealed several downstream mediators of
VEGF A signaling (STAT3, MAPK8, and CD40-LG) to be
upregulated within CD4C T cells of melanoma SLNs, suggesting
that VEGF signaling may be active in localized melanoma. To
further investigate the role of VEGF A on Th2 polarization of
the SLN, we treated lymph nodes from healthy controls with
VEGF A. This resulted in a repolarization from Th1 to a Th2
bias (Fig. 2). Fig. 2 shows the similar decrease in Th1 differenti-
ation, proliferation and quantity and simultaneously an increase
in Th2 differentiation, proliferation and quantity in both the
melanoma SLN and the control lymph nodes treated with VEGF
A. Gene expression profiles of VEGF A treated control lymph
node were dramatically different than the untreated control
lymph node. VEGF A alone was sufficient for repolarization of a
Th1 biased control lymph node to a Th2 biased lymph node.

VEGF A expression of primary melanoma
Of the 24 melanoma patients enrolled into the study only six

had archived, formalin-fixed, paraffin-embedded blocks of the
primary tumor available for study. Immunohistochemical analy-
sis of the primary melanoma demonstrated strongly positive,
homogenous cytoplasmic VEGF A staining in four of the six
(67%) samples. One (17%) primary melanoma had weak stain-
ing and the other one (17%) was negative. There were no differ-
ences in the expression of VEGF A with respect to Breslow level.
In contrast, no VEGF A expression was identified in the benign
nevi (Fig. 3A and B).

VEGF receptor expression within the SLN
In order to investigate potential downstream VEGF signaling

within the SLN, we performed intracellular staining with flow
cytometry. We compared four SLN and four control lymph
nodes and found a significant increase in the number of
VEGFR1 expressed by CD4C T cells within the SLN (Fig. 3C).
VEGFR2, VEGFR3 or neuropilin expression between melanoma
and control lymph nodes was not statistically significant (p D
0.13 VEGF2; p D 0.07 VEGF3) and this could be secondary to
type 2 error. VEGFR1 is known to potentiate VEGFR2 activa-
tion, suggesting that VEGFR signaling is occurring within the
SLN. Further investigation of phosphorylated VEGFR expres-
sion on CD4C T cells, as well as other cell types within the SLN,
is warranted.

Discussion

Our data builds off our previous immunohistochemical study
demonstrating marked alterations in the innate and humoral
immunity within the first draining lymph node of melanoma.5

These alterations in immune composition and function precede
nodal metastasis and may be important in preparing the SLN to
tolerate metastatic cells. We have demonstrated a decrease of
cytotoxic CD8C T cells within the SLN of patients with mela-
noma, regardless of metastatic involvement using both immuno-
histochemistry and flow cytometry.5 The CD8C depletion could

Table 3. Immune cell phenotype of the control lymph node, non-SLN and SLN. Mean and standard deviation is reported. Due to multiple comparisons only
a p-value � 0.008 is considered statistically significant (Bonferroni correction).

Immune cell type Control LN Non-SLN SLN
Control vs.

Non-SLN p value
Non-SLN

vs. SLN p value
Control vs.
SLN p value

CD3C CD8C (effector T cell) 19.51 § 7.36 15.74 § 7.93 9.22 § 4.98 ns 0.005 0.0005
CD3C CD62LC (naive T cell) 9.19 § 10.52 26.82 § 23.27 32.42 § 15.43 ns ns 0.0002
CD3C CD69C (activated T cell) 16.86 § 13.38 17.63 § 7.38 17.21 § 10.72 ns ns ns
CD3C CD152 (CTLA-4) 7.62 § 5.90 7.38 § 5.51 7.79 § 3.32 ns ns ns
CD3C CD279 (PD-1) 0.78 § 0.93 2.25 § 1.31 2.20 § 1.13 0.005 ns 0.004
CD11cC CD86C (mature dendritic cell) 9.74 § 8.70 7.59 § 7.82 8.01 § 6.29 ns ns ns
CD141C CD86C (myeloid dendritic cell) 23.91 § 12.32 13.32 § 15.78 15.02 § 6.01 ns ns ns
CD123C (plasmacytoid dendritic cell) 6.62 § 8.79 3.49 § 2.74 14.74 § 18.35 ns ns ns
CD20C (B cell) 20.73 § 2.76 27.63 § 2.85 31.14 § 5.40 s ns 0.008
CD14C (Macrophage) 7.72 § 5.56 12.69 § 10.09 22.66 § 18.70 ns ns 0.009
CD68C (macrophage) 2.70 § 1.79 5.12 § 3.58 9.26 § 6.79 ns ns 0.001
CD4C CD25C FOXp3C (Treg) 25.38 § 13.04 51.12 § 26.39 35.1 § 20.97 0.007 ns ns
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possibly be the result of dysfunctional T cell trafficking with pref-
erential increase in naive CD62L expressing T cells and fewer
CD62L-effector T cells. Downregulation of CD62L expression
is necessary to retain the T cells within the lymph node to facili-
tate antigen presentation, co-stimulation, and T cell prolifera-
tion.15 Once naive T cells become effector T cells, they

upregulate CD69 expression and egress from the lymph node to
traffic to the peripheral tissue. However, we found fewer
CD62L-T cells within the SLN, suggesting that the T cells are
not retained within the LN for maximum stimulation and rap-
idly egress from the lymph node; potentially, this egress of T cells
may explain why we found a reduction in CD8C T cells. The T
cells do not appear to be trafficking to the primary tumor as only
one melanoma primary had a brisk TIL response and the TIL
response within the primary was not associated with decreased
CD8C T cell expression within the SLN. Alternatively, fewer
naive T cells may become activated within the SLN due to
impaired activation of naive T cells or exhaustion of activated T
cells. Theses change in immune profile may explain the paradox
of melanoma proliferating and residing within the immune envi-
ronment of the lymph node without eliciting an effective antitu-
mor immune response.

The CD8C T cells that are present within the SLN appear to
be less functional as illustrated by the increased expression of
PD-1 mRNA, a negative T cell regulatory protein on T cells
compared to controls. PD-L1 the ligand for PD-1 is expressed
on melanoma cells and has correlates with an increased risk of
lymph node metastasis and decreased overall survival.16 PD-1/
PD-L1 mediated T cell exhaustion begins early in the progression
of melanoma and continues to increase with progression of the
melanoma.16 Because PD-1/PD-L1 mediated T cell exhaustion
occurs early and blockade of PD-1 signaling appears to suppress
production of Th2 cytokines, shifting toward a pro-inflammatory
Th1 response, PD-1 immune therapies hold promise as an early
adjuvant treatment for melanoma.16–18 In addition, we found an
increase in the RNA expression of the negative T cell regulatory
protein CTLA-4 within the CD8C T cells residing within the
SLN of melanoma patients. CTLA-4-mediated T cell exhaustion
is an important checkpoint for preventing exaggerated immune
responses. However, in melanoma CTLA-4 appears to be upre-
gulated on the T cell surface, providing inhibitory signals and
thereby limiting the antitumor immune response.19 Blockade of
CTLA-4 with the monoclonal antibody ipilimumab enhances T
cell activation and improves overall survival compared to tradi-
tional cytotoxic chemotherapy.20

Furthermore, we demonstrated an influx of macrophages and
B cells within the SLN compared to controls. These cell types are
suggestive of a chronic inflammatory, Th2 immune response.
This finding is consistent with our gene expression analysis which
demonstrated Th2 polarity within the SLN. Table 2 and Fig. 2
illustrate that Th2 polarization of the SLN is primarily the result
of Th2 activation and to a lesser degree Th1 suppression. Similar
to previous gene expression analysis of SLN and non-SLN, we
found an increase in Th2 polarizing cytokines including TNF
and a decrease in Th1 polarizing cytokines IFN and IL-12B
within the SLN.21 However, perhaps because our comparison
was to a “normal” lymph node in patients without cancer or
inflammation instead of a neighboring non-SLN, we also identi-
fied differences in the expression of genes involved in Th1/Th2
differentiation. We have previously demonstrated a systemic Th2
bias in patients with stage IV but not earlier stage melanoma.6

This is the first time to our knowledge anyone has demonstrated

Figure 2. (A) Box-plot illustrating the difference in median percentage of
CD3C CD8C T cells. (B) Box-plot demonstrating differences in median
percentage of CD3C CD4C and CD3C and CD8C T cells. (C) Box-plot dem-
onstrating differences in median CD3C CD62LC cells (Controls n D 13,
non-SLN n D 9 and melanoma SLN n D 13). (D) Box-plot illustrating dif-
ferences in median percentage of CTLA-4 and PD-1 expression.
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a Th2 bias within the SLN of patients with melanoma. The
results of our study suggest that the inflammatory cytokine pro-
file of the SLN is different from normal lymph nodes and predis-
poses to Th2 bias.

VEGF has been associated with a Th2 bias in stage IV mela-
noma.6 Our data suggests that increased levels of VEGF derived
from melanoma could play a role in the Th2 polarization of the
SLN in localized melanoma. Immunohistochemical studies dem-
onstrated that about two-thirds of all primary melanomas express
VEGF. Increased levels of VEGF expression are found in the ver-
tical growth phase within thicker melanomas and are associated
with the propensity for metastasis.22 Increased serum levels of
VEGF have been detected in patients with nodal and visceral
metastasis, but not in patients with localized melanoma.6,22

However, VEGF may be active within the regional lymph nodes
in early stage melanoma as supported by our findings of increased
expression of VEGF1 receptors within the CD4C T cells of the
SLN compared to controls. VEGFR-1 signaling has been impli-
cated in inducing T cell tolerance, mainly by inhibiting the matu-
ration of dendritic cells and their migration into lymph nodes23

and VEGFR2 has been demonstrated to be a critical regulator of
the Th2-mediated inflammation.23,24 Our group has previously
demonstrated that patients with metastatic melanoma have high
serum VEGF levels and corresponding systemic Th2 polariza-
tion. The tumor was not the source of the Th2 cytokines but was
the source of the elevated VEGF levels. In vitro, exposure of nor-
mal peripheral blood monocytic cells to VEGF leads to repolari-
zation from Th1 to Th2. In this study, we have similarly,
demonstrated that treatment of normal lymph nodes with VEGF
leads to repolarization from Th1 to Th2 as well. We are currently
measuring VEGF levels in afferent lymphatic channels as we

hypothesize that melanoma
releases VEGF into the
lymphatic channels in early
stages resulting in immune
modulation and only pro-
duces elevated serum
VEGF when the melanoma
has gained access to the
blood stream in stage IV
melanoma.

Furthermore, single
agent anti-VEGF antibody
bevacizumab has been
demonstrated to have clini-
cal activity in randomized
phase 2 clinical trials of
patients’ with advanced
metastatic melanoma.25

Neoadjuvant bevacizumab
has demonstrated safety
and promising clinical effi-
cacy as demonstrated by a
decline in S100 and evi-
dence of nodal necrosis26

Currently, a randomized
controlled trial of adjuvant bevacizumab given for one year after
resection of stage IIB, IIC, and III melanoma is open and enroll-
ing.27 Pre-clinical models also demonstrate that blockade of
VEGF signaling enhances the infiltration of adoptively trans-
ferred T cells into the tumor, leading to inhibition of melanoma
and improved survival with adoptive cell transfer-based immuno-
therapies.28 The authors postulated that this trafficking of T cells
may be due to normalization of the tumor vasculature; however,
an alternative hypothesis may be that blockade of VEGF signal-
ing reverses the regional immunosuppression allowing a more
robust
immunological response. Translational investigations of this
cohort may lead to a better understanding of the impact of anti-
VEGF therapy on the Th1/Th2 immune balance and are cur-
rently underway.

The strength of our study is the novel use of control lymph
nodes. Our control lymph nodes were obtained from healthy
female patients without evidence of infection or malignancy
undergoing an elective procedure. This allowed a true evaluation
of a “normal” resting lymph node. Studies utilizing nearby non-
SLN from the same nodal basin in melanoma patients may miss
key immunological differences. Our comparison demonstrated
the non-SLN to have an immunological profile that was more
similar to the SLN than the control LN, suggesting that neigh-
boring non-SLNs are being similarly influenced by the mela-
noma, albeit to a lesser degree.

Despite our limited sample size we identified key immunolog-
ical changes that are consistent with previous investigations of
both systemic and regional immunity. Although, largely descrip-
tional, these findings illustrate the important immunological
changes that occur within the SLN prior to lymphatogneous

Figure 3. Histogram demonstrating the functional enrichment z scores of Th1/Th2 pathways within CD4C T cells of
SLN draining melanoma compared to control LNs, respectively (n D 4) on the left and CD4C T cells of control lymph
nodes treated with VEGF compared to untreated control lymph nodes on the right (n D 3).
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metastasis and identifies VEGF as a potential candidate mediator
of these immunological changes. By investigating human lymph
nodes, we are able to avoid the pitfalls of key immunologic dis-
tinctions between species. For example, it has been demonstrated
previously that VEGF has no immunological role in mice; how-
ever, we have demonstrated a substantial role in humans.29 The
mechanisms responsible for these immunological changes within
the SLN are likely multifactorial and additional soluble media-
tors likely play a role. Thus, further investigation elucidating
these mechanisms and evaluating the response within the SLN to
inhibition of these mediators is warranted

In conclusion, the initial draining lymph node appears to be
critical for priming of the CD8C T cell response against mela-
noma. Our data are consistent with previous studies suggesting
that the SLN is suppressed in comparison to healthy normal
lymph nodes.5,21,30 Melanoma is capable of promoting regional
metastasis through poorly understood mechanisms by which
melanoma suppresses the adaptive immune response. Our data
demonstrates that fewer CD8C T cells, upregulation of co-inhibi-
tory signals, and evidence of chronic inflammation with Th2
polarization of the SLN may be necessary in order for melanoma
to successfully evade the immune system and develop lymphatog-
enous metastasis. Potential mechanisms identified for these
changes include impaired T cell trafficking and/or activation. We
have identified VEGF as a potential mediator of these changes as
VEGF is widely expressed within most primary melanomas and
there appears to be an upregulation of VEGFR1 within the SLN.
Lastly, treatment of control lymph nodes with VEGF produces
similar Th2 polarization of the control LN.

Methods

Patient population
After approval by the Institutional Review Board, consecutive

patients diagnosed with primary cutaneous melanoma
�1.0 mm Breslow depth or those with Breslow depth >

0.75 mm – 1.0 mm and at least one high risk feature (young
age, mitotic rate or ulceration) who were undergoing lymphatic
mapping with radiolabeled colloid and methylene blue were pro-
spectively enrolled into the clinical study. Patients with primary
or secondary immunodeficiency, including continuous use of
NSAIDs were excluded. Patients underwent lymphatic mapping
and SLN biopsy using our institution’s technique of dual agent
mapping.31 Each SLN was identified by observing the path of
methylene blue dye and by using a hand-held gamma counter to
measure radioactive counts. In addition to the SLN, a single
neighboring non-SLN (non-blue and non-radioactive) was
removed and sent to the frozen section laboratory. Control
lymph nodes were obtained from consecutive females undergoing
prophylactic mastectomy. Patients with primary or secondary
immunodeficiency, including continuous use of NSAIDs were
excluded as were patients who were found to harbor occult cancer
in the breast specimen. The entire breast specimen was sent to
pathology where the specimen was serially sectioned and exam-
ined by a pathology assistant for intramammary or low lying

axillary lymph nodes. If any lymph nodes were found, two non-
contiguous shavings were sent for study and the remaining lymph
node was examined by pathology to exclude occult malignancy.
All fresh lymph nodes were dissected free of surrounding fat
immediately after retrieval from the patient, cut into 2 mm sec-
tions and placed on a cryotome where they were frozen from the

Figure 4. Representative immunohistochemistry slides (5x) stained with
anti-VEGF antibody from (A) benign nevi with no VEGF staining and (B)
melanoma with diffuse cytoplasmic staining. (C) Histogram comparing
VEGF receptor expression within melanoma SLN and control lymph
nodes.

www.tandfonline.com e1026504-7OncoImmunology



bottom up (Fig. 4). Prior to freezing, the tops of two non-con-
tinuous sections were shaved off from each 2 mm section and
placed in RPMI media and then processed into a single cell sus-
pension using a Milltenyi gentleMACS dissociator (Milltenyi
Biotech, Bergisch Gladbach, Germany) according to the man-
ufacturer’s directions.

Immunophenotyping
The following extracellular, anti-human monoclonal antibod-

ies were used for lymph node immunophenotyping: anti-CD3
PE-Cy 7, anti-CD8C PE-Cy 5, anti-CD4 FITC, anti-CD62L PE-
Cy 5, anti-CD69 FITC, anti-CD152 (CTLA-4) PE, anti-CD11c
PE-Cy 5, anti-CD86 PE-Cy 7, anti-HLA-DR PE, anti-CD3
FITC, anti-CD14 FITC, anti-CD16 FITC, anti-CD19 FITC,
anti-CD123 PE-Cy 7, anti-CD141 PE, anti-CD68 PE-Cy 5,
anti-CD20 PE, anti-CD56 PE, anti-CD279 (PD-1) APC, anti-
CD11b PE, anti-CD64 FITC (BD Pharmingen, San Jose, CA).

The human monoclonal antibodies, anti-CD4 PE-Cy 5 and
anti-CD25 PE, were purchased from Biolegend (San Diego, CA)
and used in conjunction with intracellular staining with anti-
FoxP3 FITC for the quantification of regulatory T cells. Cell death
was determined by propidium iodine staining (eBioscience, San
Diego, CA USA). Four-color flow cytometry was performed on a
Guava 8HT flow cytometer (EMDMillipore, Billerica, MA USA)
capturing 25,000 events for all samples. Results were analyzed
using Guava Soft Incyte (EMDMillipore, Billerica, MA USA).

Lymph Node RNA Extraction and RT-qPCR Array

Lymph nodes were processed into a single cell suspension
using a Milltenyi gentleMACS dissociator (Bergish Gladbach,
Germany) according to the manufacturer’s directions. Lympho-
cytes were then stimulated with PMA (5 ng/ml) and Ionomycin
(0.1 mg/ml) and incubated for 4 h at 37�C with 5% CO2. After
stimulation, the cells were positively selected for CD4C and
CD8C T cells using Miltenyi magnetic beads as prescribed by the
manufacturer (Miltenyi Bergish Gladbach, Germany). The
purity of each T cell population was validated using flow cytome-
try demonstrating 96–98% isolation of the desired population.

Sentinel and non-SLNs processed to a single cell suspension
were cultured (2 £ 106 cells/mL) with RPMI C 10% FBS with
a 1:1 ratio of CD3:CD28 Human T-activator beads (Invitro-
gen, Oslo, Norway). The cells were cultured in the presence
and absence of recombinant human VEGF A (R&D systems
Minneapolis, MN) (200 ng/mL) at 37�C. After 48 h incuba-
tion, cells were stimulated with PMA (5 ng/mL) and ionomycin
(0.1 mg/mL) for an additional 4 h prior to harvesting of the
cells. Total RNA was isolated from each of the treatments using
the Qiagen RNA extraction kit (Qiagen, Germantown MD
USA). The quality of the RNA was evaluated by obtaining elec-
tropherograms on Agilent 2100 Bioanalyzer and RNA integrity
number using 2100 Expert software (Agilent Technologies,
Santa Clara, CA USA). cDNA was reverse transcribed from a
total of 0.3 mg of RNA using RT2 First strand Kit (Qiagen) per
manufacturer’s instructions coupled with the RT2 SYBR Green

ROX qPCR Mastermix (Qiagen). The Th1/Th2/Th3 RT-
qPCR arrays (SA Bioscience, Valencia CA USA) was used to
quantify RNA expression of the following genes: CCR5, CD28,
CSF2, CXCR3, HAVCR2, IFNG, IGSF6, IL12B, IL12RB2,
IL18, IL18R1, IL2, IL2RA, IRF1, SOCS1, SOCS5, STAT1,
STAT4, TBX21, TLR4, TLR6, TNF, CCL11, CCL5, CCL7,
CCR2, CCR3, CCR4, CEBPB, NFATC2IP (FLJ14639),
GATA3, GFI1, GPR44, ICOS, IL10, IL13, IL13RA1, IL1R1,
IL1R2, IL4, IL4R, IL5, IL9, IRF4, JAK1, MAF, NFATC1,
NFATC2, NFATC2IP (FLJ14639), PCGF2 (RNF110), STAT6,
TMED1, CD4, CD40LG (TNFSF5), CD80, CD86, CREBBP,
CTLA4, FASLG, IL15, IL6, IL6R, IL7, JAK2, LAG3, LAT,
MAP2K7, MAPK8, PTPRC, TFCP2, TGFB3, CD27,
TNFRSF8, TNFRSF9, TNFSF4, TYK2, YY1, IL17A, IL23A,
GLMN, SFTPD, SPP1, CD27, INHA, INHBA, CD27, GLMN,
SFTPD, SPP1, IL13, CSF2, MAF, TFCP2, SOCS2. There were
seven PCR controls included as well as the following housekeep-
ing genes: ribosomal protein large P1, hypoxanthine phosphori-
bosyltransferase 1, ribosomal protein L13A, lactate
dehydrogenase A and b actin. The qPCR was run on an
ABI7900HT (Life Technologies, Grand Island, NY) and ana-
lyzed on SDS v. 2.4 (Applied Biosystems, Carlsbad, CA USA).
Differential expression of RNA was calculated using Partek
Genomics Suite v. 6.5 (Partek, St. Louis, MO USA).

Immunohistochemistry
Six primary melanoma tumors from the 13 patients whose

SLN were analyzed and six benign nevi from healthy controls
were identified from a prospectively maintained clinical database.
Archival, formalin-fixed, paraffin-embedded primary melanoma
blocks were sectioned into 3 to 4 mm slices and affixed on glass
slides. Immunohistochemistry was performed by Histoserv (Ger-
mantown, MD USA). Briefly, samples were heated for 30 min at
56�C, deparaffinized in xylene, rehydrated in a graded alcohol
series, and washed in water. Heat-induced epitope retrieval was
performed. Endogenous peroxidase activity was quenched in a
bath of methanol and hydrogen peroxide. Only one antibody per
slide was evaluated. Samples were incubated overnight with pri-
mary antibody. Peroxidase activity was localized for all samples
with 3, 30-diaminobenzidine and counterstained with hematoxy-
lin and mounted. Negative controls were made by omitting the
primary antibody; otherwise specimens were processed identi-
cally. Each slide was automatically scanned at 20x using a contin-
uous scan technology involving a 4096 £ 64 pixel charged-
couple device sensor (NanoZoomer 2.0; Olympus America, Cen-
ter Valley, PA USA) to produce a virtual slide of each section.
Digitized images of control tissues were examined to standardize
thresholds of each stain. Standardized thresholds were then
applied to determine the positively stained area of each section
for each stain using an IHCScore (Olympus America, San Jose,
CA). Immunoreactivity was graded as intensely positive (>75%),
strongly positive (50–75%), moderately positive (25–50%),
weakly positive (less than 25%) and negative. The entire area of
the primary tumor or benign nevi was scanned at 5x and scored
by a dermatopathologist blinded to the specimen.
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Statistical analysis
Descriptive statistics were applied using mean and standard

deviation or number and frequency. Expression of anti-human
monoclonal antibodies was reported as percentage of cells and
was compared between the two groups using non-parametric
testing such as the Mann–Whitney U-test. All tests were two-
sided, using a Bonferroni correction for multiple testing with a p
value of 0.008 considered statistically significant. JMP 10 was
used for statistical analysis (SAS Institute, Cary, NC) and all fig-
ures were produced using Prism 6 (GraphPad Software, La Jolla,
CA). Pathway analysis of PCR data was done with Ingenuity

Pathway Analysis software (Redwood City, CA). Genes with fold
change 2 or greater (over- or under-expressed) in tumor relative
to control samples were used for pathway analysis. The resulting
histogram shows z scores of enrichment of a number of func-
tional groups with genes from the input set. Only functional
groups with scores greater than 1.4 or less than –1.4 are shown in
the histogram.
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