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Abstract

T cell infiltration into the metastatic melanoma microenvironment (MME) correlates with
improved patient survival. However, diffuse infiltration into tumor occurs in only 8% of
melanoma metastases. Little is known about mechanisms governing T cell infiltration into human
melanoma metastases or about how those mechanisms may be altered therapeutically. We
hypothesized that T cells in the MME would be enriched for chemokine receptors CCR4, CCR5,
CXCR3, and homing receptors relevant to the tissue site. Viably cryopreserved single cell
suspensions from nineteen melanoma metastases representing three metastatic sites (tumor-
infiltrated lymph node (TIN), skin, and small bowel) were evaluated by multiparameter flow
cytometry and compared to benign lymph nodes (NLN) and peripheral blood mononuclear cells
(PBMC) from patients with Stage 11B-1V melanoma. T cells in the melanoma metastases
contained large effector memory populations, high proportions of activated, moderately
differentiated cells and few regulatory T cells. Site specific homing was suggested in bowel, with
high expression of CCR9. We did not encounter the anticipated enrichment of integrin a4f7 in
bowel, cutaneous leukocyte antigen (CLA) in skin, nor integrin a4p1 or receptor CXCR3 in
metastatic sites. Retention integrins aEB7, al1pl and a2p1 were significantly elevated in
metastases. These data suggest limited tissue site-specific homing to human melanoma metastases,
but a significant role for retention integrins in maintaining intratumoral T cells. Our findings also
raise the possibility that T cell homing, infiltration, and retention in melanoma metastases may be
increased by increasing expression of ligands for CLA, a4p1 and CXCR3 on intratumoral
endothelium.
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INTRODUCTION

Immune cell infiltration into the metastatic melanoma microenvironment (MME) is
associated with better patient survival.1=3 T cells are the predominant immune cells in the
MME. Patients with high CD8* T cell infiltration (not CD4) with the highest overall
immune cell infiltration into tumor have the best clinical outcomes.2 3 Unfortunately,
diffuse intratumoral infiltration of effector T cells is observed in less than 10% of melanoma
metastases.® The mechanisms that enable or prevent T cell infiltration into the MME are
unknown. Cell surface adhesion receptors on effector and memory T cells mediate their
homing to various tissues.# Roles of some of these receptors have been elucidated for T cells
entering inflamed peripheral tissues,*-8 but translation of these findings to the cancer setting
is in its infancy. Murine models of vaccination for melanoma have shown that integrin
expression on T cells is strongly influenced by the lymphoid compartment in which
activation occurs. In particular, T cells activated in mesenteric lymph nodes (LN) are high in
a4p7, and those activated in skin-draining LN selectively express E-selectin ligand (murine
equivalent of cutaneous leukocyte antigen, CLA); homing appears to be integrin-
dependent.”- 8 In human tumors, chemokine immune signatures of the MME have correlated
with CD8" T cell infiltration. However, little is known about the mechanisms governing T
cell infiltration into human melanoma metastases, or about how they may be altered
therapeutically.

This study aims to examine the expression of homing receptors and retention integrins on T
cells infiltrating human melanoma metastases. We have hypothesized that tumor-infiltrating
T cells should differentially express homing receptors critical to their ability to infiltrate
and/or to be retained in the MME, compared to circulating peripheral blood. Based on prior
published findings in murine studies, these may include integrin a4p1, chemokine receptors
CCR4, CCRS5, and CXCR3.8: 10 We also have hypothesized that T cell homing may be
governed in part by the tissue site harboring the metastasis. Accordingly, we might expect
enrichment of T cells expressing CLA in skin metastases and CCR9 with a4B7 in bowel
metastases.” 8 11 This study also explores whether retention integrins (a1p1, a21, aEB7)
are differentially expressed on tumor-infiltrating T cells compared to lymphocytes in
peripheral blood and LN.

MATERIALS AND METHODS

Tissue Specimens

Nineteen specimens of human metastatic melanoma known to contain immune cell
infiltrates were identified from previous work.3 Viably cryopreserved human melanoma
metastases representing three metastatic sites: tumor-infiltrated lymph node (TIN, n=10),
skin (n=3) and small bowel (GI, n=5) were obtained for comparison to cryopreserved cell
suspensions from benign lymph nodes (NLN, n=5) obtained from melanoma patients
undergoing node dissections, and cryopreserved peripheral blood mononuclear cells
(PBMC) from patients with resected stage 11B through IV melanoma (n=15). The tumor
samples were collected from patients with stage 111B-1V melanoma, with most (13/19, 68%)
rendered clinically free of disease at surgery. Of these, 3, 6, and 4 had stages 111B, 111C, and
IV disease, respectively. The remaining 6 patients had stage IV disease that was resected but
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with residual sites of disease after surgery. PBMC were not routinely collected from patients
whose tumors were collected. The PBMC for this study were collected from patients on the
Mel48 clinical trial (NCT00705640),12 for which patients were eligible if they had stage
I1B,IIC, 11l or IV melanoma. 80% of those patients (12/15) had stage 1B, I1IC, or IV
melanoma, and all had stage 11B-1V melanoma (4 each). There was substantial overlap in
stage of disease and disease status between the two groups. NLN were obtained from
patients whose TIN were also included in this study. Among 18 patients from whom tumors
and/or lymph nodes were resected, 11 had not had prior systemic therapy, 1 had had prior
high-dose IL-2, 4 had been on vaccine trials that included low-dose IL-2, and 2 had been on
vaccine trials without IL-2. None were on active therapy at the time of surgery.

The tumor specimens were obtained from surgical specimens and were mechanically
dissociated by mincing with a scalpel and forceps under a laminar flow hood; resulting cells
were then cryopreserved in 10% dimethyl sulfoxide (DMSO) and 90% fetal calf serum
(FCS; Life Technologies; Carlshad, CA) in a controlled-rate freezer. Remaining tissue
fragments after mechanical dissociation were then incubated in RPMI11640 media (Life
Technologies) supplemented with 10% FCS, collagenase (195 units/mL ; Worthington
Biochemical Corp.; Lakewood, NJ), DNAase (12.5 units/mL; Worthington Biochemical),
and hyaluronidase (2.5 units/mL; Worthington Biochemical)at room temperature in a sterile
50 ml tube, with gentle mixing on a tube rotator wheel (Glas-Col; Terre Haute, IN)
overnight. Resulting viable cells were cryopreserved in 10% DMSO and 90% FCS using a
controlled-rate freezer. When available, non-digested specimens were studied (5/5 NLN,
7/10 TIN, 0/3 skin, 2/5 GI); specimens assessed after overnight enzymatic digestion
included 0/5 NLN, 3/10 TIN, 3/3 skin, 3/5 GI).

Immunostaining and multi-parameter flow cytometry

Single-cell suspensions of cryopreserved tumor specimens from melanoma patients were
thawed in warm RPMI-1640 medium (Life Technologies) containing 5% fetal bovine serum
(FBS; Sigma-Aldrich: St. Louis, MO), and 100,000 units of deoxyribonuclease (Cat. #
LS00219; Worthington Biochemical Corp.) per mL of media. After thawing, cells were
washed free of serum and DMSO in PBS. Cells were labeled with the LIVE/DEAD®
Fixable Aqua dead cell stain (Life Technologies) for viability according to manufacturer’s
instructions. After washing, fluorescently-labeled antibody mixtures for integrins, homing
receptors, chemokine receptors, and activation/maturation markers were added to the Aqua-
labeled cell suspensions. Cells and antibodies were incubated for 20 minutes at 4°C before
washing cells free of unbound antibodies. After two washes in FACS buffer (PBS + 2%
FBS), cells were fixed in 2% paraformaldehyde (Sigma-Aldrich) in PBS for 10 minutes at
room temperature. Cells were washed one time to remove excess paraformaldehyde, then
held overnight at 4°C. Immunostained cells were acquired on a CyAn ADP LX 9 color flow
cytometer (Beckman Coulter; Indianapolis, IN) equipped with 3 lasers to accommodate up
to 11 parameters. Analysis of flow data was done using FlowJo version 8.8.6 (Tree Star;
Ashland, OR). The list of reagents, including source, isotype and clone is available in
Supplemental Data Table 1.
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Labeling of ACT 1 antibody

RESULTS

The antibody to the a4p7 integrin, ACT-1, was provided by Eugene C. Butcher at a
concentration of 1 mg/mL of purified antibody. The fluorochrome allophycocyanin (APC)
was added to the antibody using the Lightning-Link™ APC-XL conjugation kit (Innova
Biosciences; Cambridge, UK) according to the manufacturer’s instructions.

Statistical comparisons of flow cytometry results among different sites were performed
with the Mann-Whitney U test for independent samples using IBM SPSS version 20.
Reported p values are 2-tailed asymptotic estimates for the comparison between each site
and PBMC. In some comparisons, a particular category consisted of only two samples,
precluding analysis by this method. Results for these groups are graphically depicted
without statistical analysis.

Composition

Maturation

In melanoma metastases to the skin and bowel, there was a higher CD8*/CD4™ T cell ratio
(mean 0.84) than in PBMC (mean 0.29, p=0.003). Regulatory T cells (Teg) Were estimated
as those that were CD4* FoxP3* CD127!°. Mean proportions of FoxP3* CD127'° cells
among CD4™ cells (Tcpg) were higher in metastatic sites (9% in TIN, p=0.002; 20% in
skin/G| metastases, p=0.027) than in PBMC (4%, data not shown). All metastatic sites
together had greater than two-fold increase in Tyeq compared to PBMC and NLN combined
(11% vs. 4%, p=0.001; Data not shown).

T cell phenotypes were assessed based on CCR7 and CD45RA expression!3 with gating
strategies shown in Figure 1a,b. Maturation was substantially different for skin and Gl
metastases compared to PBMC (Figure 1c,d). Skin and GI metastases had three-fold higher
proportions of effector memory (Tgy CCR7™9/CD45RA™Y) CD8* T cells (T¢pg) and
Tcpa compared to PBMC (90% vs. 26% of Tepg, p=0.002; 89% vs. 42% of Tcpa,
p<0.001). In contrast, naive (CCR7*/CD45RA™), central memory (CCR7*/CD45RA"Y) and
RA* effector memory (Temra+ CCR7™9/CD45RA™) T cells were substantially decreased
in skin/GI metastases compared to PBMC. The proportion of naive T¢pg in skin/Gl
metastases (mean 0.5%) was about one thirtieth of that in PBMC (mean 18%, p=0.002). For
Tcpg cells, the difference was greater, with means of 0.3% and 13%, respectively (p=0.003).

Tcpa and Tepg infiltrating skin or GI metastases had pronounced loss of CD27 and CD28
expression, respectively (Figure 1e,f). Among T¢pa, the proportion of CD27"€9/CD28* cells
was five-fold higher in skin/Gl metastatic sites than in PBMC (25% vs. 6%, p=0.002, Figure
1e). Among T¢ps, the proportion of CD27+/CD28"9 cells was more than three-fold higher
in skin/GI metastases (35% vs. 10%, p=0.020, Figure 1f).
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Activation

Metastatic sites had higher proportions of activated T cells than PBMC. CD69* T cells were
markedly enriched in the skin/Gl metastatic microenvironment (79% vs. 7% for Tcpg,
p=0.001; 58% vs. 8% for Tcpy, p=0.002, Figure 1g,h).

Homing receptors — Chemokine receptors

Chemokine receptors CCR4, CCR5, CCR9 and CXCR3 have been implicated in T cell
homing to tumor. We found that CCR4 was enriched in metastases: among antigen-
experienced (CD45RAM9) Tcpa, 68% expressed CCR4 in bowel (compared to 26% in
PBMC, p=0.034), and 77% expressed CCR4 in skin metastases (p=0.034 compared to
PBMC, Figure 2a,c). Among Tcpg, CCR4 was frequently expressed in PBMC, but there
were no significant differences in CCR4 expression among different sites (Figure 2b,d).

CD45RAMI T cells in Gl and skin metastases were enriched for CCR5* cells, compared to
PBMC. In Gl metastases vs. PBMC, means were 70% vs. 15% among Tcpa (p = 0.034), and
83% vs. 47% among Tcpg (p=0.077). In skin metastases, means were 74% (p=0.034) and
87% (p=0.034) for Tcpg and T¢pg, respectively (Figure 2).

The highest levels of expression of CCR9 among antigen-experienced Tcpg were found in
Gl metastases, with low levels in other sites with statistical significance despite small
sample size (mean for bowel metastases 42%, all other sites combined 6%, p=0.008). 34%
of Tcps in bowel metastases were CCR9* compared to 4% in PBMC (p=0.008, Figure
2a,b).

CXCR3 expression was low in metastases. Proportions of CXCR3* Tcpgs and T¢pg in skin
and GI metastases were nearly equivalent to those in PBMC (7% vs. 8% for Tcpg, p=0.53;
8% each for Tcpa, p=0.80, Figure 3c,d).

Homing receptors — E-selectin ligand (CLA)

Surprisingly, among antigen-experienced cells, CLA expression was lower among T cells in
skin metastases than in PBMC for both T¢py and Tepg (mean 14% vs. 29% of Tepa,
p=0.034; mean 7% vs. 26% of T¢pg, p=0.034, Figure 2). There was no significant difference
in CLA expression among skin, bowel, or LN metastases (One-way Kruskall Walllis Test,
p=0.50 for Tcpa, p=0.08 for TCDB)-

Homing receptors - Integrins

T cells were evaluated for expression of a4f7 using the heterodimer-specific antibody
ACT-1.14 The frequency of these cells in bowel metastases was variable. Bowel metastases
had no clear enrichment for a47-expressing cells in comparison to a PBMC alone or to all
other sites combined (Figure 4).

Quantitation of a4p1* (VLA-4) expressing cells is limited by a lack of antibodies that stain
the heterodimer specifically. a4 can bind $1 or 37, and 1 can bind multiple a subunits. We
stained for a4 and a4f37, then estimated a4p1 expression by the fraction of cells that were
ad*/ a4B7M9. This can underestimate the number of a4pl1* cells because cells that express
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both a4f1 and a4f7 are not included as a4f1*. Using this approach, the estimated
proportion of a4p1* cells in metastatic sites was less than in PBMC, for both Tcps and
Tcpg (mean 35% vs. 47% for Tcpa, p=0.004; mean 33% vs. 52% for T¢pg, p=0.088, Figure
3a,b). a4B1* proportions of Tcpg and Tepg varied greatly among individual samples, but
did not vary significantly among NLN, TIN, skin metastases and bowel metastases (one-way
Kruskall Wallis test, p=0.126 for Tcpg, p=0.589 for Tcpg).

Retention integrins

The retention integrins a1pl, a2pl, and aER7 were assessed by staining for al, a2, and aE,
respectively. aEB7* cells were enriched in bowel metastases (60% of Tcpa and 18% of
Tcpg) compared to other tissue sites (0.4% for Tcpg and 18% for T¢pg, p=0.012, p=0.009,
respectively) and compared to PBMC (3% for Tcpa, p=0.017; 4% for T¢pg, p=0.017,
Figure 5). a1p1* cells were enriched among T¢pg in bowel metastases (42%, p=0.017), skin
metastases (31%, p=0.017) and TIN (18%, p=0.001) compared to PBMC (4%) (Figure 5d,
Figure 6). Tcpg in bowel (15%) and skin (11%) metastases were not significantly enriched
for a1p1* cells compared to PBMC (11%, Figure 5C, Figure 6). Tcpa in TIN had slightly
lower proportions of a1B1* cells than PBMC (7% vs. 11%, p=0.025, Figure 6).

Among T¢cpg, a2B1* cells were enriched in skin (mean 23%, p=0.016) and G| metastases
(mean 23%, p=0.016), compared to PBMC (1%, Figure 6). Among Tcpa, a2B1* cells were
enriched only in skin metastases (8%) compared to PBMC (1%, p=0.017, Figure 6).

DISCUSSION

There is ample evidence that infiltration of cancers with T¢pg is associated with better
survival.l: 3. 15-17 T cell infiltration has been associated with immune signatures, which may
identify patients most likely to respond to immune therapies and include many genes
associated with T cell homing, including the chemokine ligands for CCR5 and

CXCR3.16. 18, 19 However, little is known about the molecular mediators of T cell
infiltration of cancer metastases, in particular the T cell homing receptors that govern
transmigration of T cells through intratumoral endothelium and retention in the tumor. Here,
we present data on homing receptor and retention integrin expression of human T cells that
succeed at infiltrating the metastatic melanoma microenvironment. Our findings support
site-specific homing to bowel metastases mediated by CCR9 and increased expression of
retention integrins a1pl, a2f1, and aER7, particularly in skin and bowel metastases. A lack
of T cells expressing several homing receptors and integrins with known endothelial ligands
identifies potential therapeutic targets for increasing T cell infiltration into tumor for
improved patient survival.

In bowel metastases, we encounter an expected enrichment of CCR9-expressing T¢cpg, but
not the anticipated enrichment of a4p7* cells compared to PBMC. The hypothesized
increase in CCR9 and integrin a4p7 is based on previous implication of these moleculesin T
cell homing to the gut in mouse models of melanoma.® This inconsistency may reflect post-
transmigration down-regulation of a4f37 integrin expression in exchange for aEf7
upregulation in the presence of TGF-f and cognate antigen.* 20 This hypothesis is supported
by our finding that oEB7 is significantly elevated on Tcpg and Tepg in Gl metastases.

Int J Cancer. Author manuscript; available in PMC 2015 February 01.
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A similar lack of enrichment in tumor is observed for several other homing receptors. The
low proportion of CLA™ cells in skin metastases is contrary to our hypothesis, based on the
known association of CLA expression with T cell homing to skin.21 The low representation
of CLA* T cells in the MME likely reflects low E-selectin expression on intratumoral
vasculature. Many cutaneous malignancies, including metastatic melanoma, have decreased
endothelial expression of E-selectin ligand.11: 22. 23 Downregulation of E-selectin expression
may limit tumor infiltration by a significant population of T cells, particularly in the case of
lymphocytes induced by cutaneous vaccination, which express high levels of CLA.8
Similarly, integrin a4p1 does not appear to be elevated in metastases. Estimated a4f1
expression is high in PBMC, indicating that the supply of a4p1* cells in circulation is not a
significant factor in limiting T cell homing to tumor. Rather, it suggests that the expression
of the endothelial ligand for a4p1, vascular cell adhesion molecule 1 (VCAM-1), may be
low on tumor vascular endothelium. This is consistent with previous murine and human
studies demonstrating low expression of VCAM-1 on the endothelium in melanoma
metastases.24

The data suggest that CXCR3 also may not be enriched in metastases, an unexpected finding
given that human melanoma metastases demonstrate elevation of CXCR3 ligands
CXCL9-11 in tumors bearing the most T cells.® Low levels of CXCR3 at the cell surface
might be explained by internalization of the receptor upon binding its ligand.2%: 26
Avrtefactual reductions in cell surface CXCR3 may also result from enzymatic digestion of
some of the tumor samples in this study; however, low CXCR3 is observed in our TIN
samples, 7 out of 10 of which were not exposed to tissue digestion enzymes. Regardless, we
know that chemokines CXCL9-11 are not expressed at high levels in most melanoma
metastases, though they can be induced by interferons, and low expression of these critical
ligands is associated with low T cell infiltration.®

Lack of CLA™, a4B1* and CXCR3* T cells enrichment in the MME presents potential
targets for therapeutic intervention. For human squamous cell carcinomas of the skin, the
Toll-like receptor (TLR) 7 agonist imiquimod induces endothelial expression of the CLA
ligand E-selectin, T cell infiltration into tumor, and tumor regression.23 For pre-malignant
vulvar intraepithelial neoplasia, combined immunotherapy with imiquimod and vaccination
increases T cell infiltration and induces many complete regressions.2” In human melanoma,
decreased endothelial expression of VCAM-1 may be responsive to manipulation with
TLR3 agonist Polyinosinic:polycytidylic acid (Poly 1:C) and/or TLR4 agonist
lipopolysaccharide, as experiments with human vascular endothelial cells yield upregulation
of VCAM-1 after stimulation with these agents.?8: 29 We have previously demonstrated that
production of CXCL9-11, ligands for CXCR3, can be induced in human melanoma cells
with IFN-a or IFN-y.30 This provides a rationale for therapies employing direct delivery of
TLR agonists or interferons to the MME.

In contrast to the molecules discussed above, we find that chemokine receptors CCR4 and
CCRS5 are enriched in the MME compared to PBMC. Gene expression profiling of human
melanoma metastases has demonstrated elevation of chemokines CCL2, CCL3, CCL4, and
CCLS5 in samples containing T cells, with associated increase in the corresponding
chemokine receptors CCR4 and CCR5.% CCRA4 also has been implicated in Tcpa homing to
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skin.8 Our findings are concordant with prior work suggesting roles of CCR4 and CCR5 in
T cell homing to tumor.

The most striking finding differentiating tumor-infiltrating lymphocytes from those in
peripheral blood is the high expression of retention integrins aEf7, a1p1 and a2f1, with
differential expression on Tcpg and Tepg. aER7 expression is highest in bowel metastases.
Although a murine model of colon cancer has associated oE (CD103) with Treg,31 we find
that in human GI metastases, aE expression among Tcpy far exceeds the proportion of Tyeg
(means: 60% vs. 21%.), and that o.E is also expressed by T¢pg. Instead of marking an
increase in Tyeq, aER7 expression may signal greater cytotoxic function. In a murine model
of lung cancer, exposure to TGF-§ with concomitant cognate antigen engagement of the T
cell receptor induces a.E expression, triggering increased cytotoxic function and contributing
to T cell retention in place.2’ The upregulation of a.E by TGF-B stimulation has been
described in non-malignant settings, as well,* where CD103* cytotoxic T¢pg have an
activated memory phenotype and a role in tissue rejection.32

Integrins a1B1 and a2f31 have not been directly associated with cytotoxic function, but are
known as collagen receptor retention integrins. a1p1 integrin binds collagen IV, and a2p1
integrin participates in T cell retention after binding collagen 1.4 In our data, a1p1 is
modestly elevated on T¢pg in TIN, skin and GI metastases, and a2p1 is moderately elevated
on Tcpg in skin/Gl metastases. Neither integrin is elevated on Tcpg in metastatic sites.
Previous work examining skin infection has determined that CD4* and CD8" memory T cell
subsets express different homing receptors, and that the effector memory T¢pg population
remains localized to the initial site of antigen inoculation, while the Tcps memory subset
circulates freely, providing broad immunosurveillance.33 Possibly, the enrichment of
retention integrins only on Tcpg in metastatic melanoma represents a similar phenomenon
of retaining a tumor-resident Tgy population while allowing broader circulation of memory
T helper cells. Over 60% of metastatic melanomas have intratumoral lymphocytes confined
to perivascular spaces?, and the increased proportion of a1p1 on Tcpg may reflect their
intratumoral location in the collagen IV-rich perivascular space. a1p1 also has been found to
be critical for development of memory Tcpg in peripheral tissues3* and can mediate
autoimmune diseases including rheumatoid arthritis and psoriasis.3® 36 a2p1 is a critical
mediator of experimental encephalitis.3” The retention integrins a1p1 and a2p1 we have
found in melanoma metastases may have the potential to support antitumor immunity.

The primary focus of the present study has been to determine the homing receptors and
retention integrins expressed on T cells infiltrating melanoma metastases, with a focus on
Tcpg, and with assessment of the same molecules on T¢pg. The predominant phenotype of
intratumoral T cells in our study is an activated effector memory cell, with very few
terminally differentiated effector cells. CD69, an early marker of T cell activation, is highly
expressed, and there is a significant subset of Tcpa (25%) and Tepg (35%) with an
intermediate phenotype (CD27"9/CD28" and CD27*/CD28"9, respectively), which has
been shown to include cells producing IFN-y as well as cells producing IL-4.38: 39 Future
studies will explore other chemokine receptors that may extend the scope of this work to T
cell subsets including Th17 cells (e.g. CCR640) and Treq (e.9. CCR5).4! Additional work
will also assess the function of the T cells expressing selected receptors and integrins. A
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body of literature suggests that T cells infiltrating the MME may be dysfunctional, based on
expression of negative costimulatory molecules PD-1, LAG-3 and others.#2-45 Treatment
with ipilimumab, PD-1 antibody, and vemurafenib have been associated with increases in T
cell infiltration.46-49; CXCL10 may have a role with the PD-1 antibody.*® The mechanisms
by which these alter T cell trafficking or retention, the T cells subsets affected, and their
function in the tumor microenvironment all remain to be elucidated. Examination of tumors
during treatment with these agents is now possible and may help to define further the critical
mediators of T cell infiltration and function.

There are some limitations of the present work. Ideally, we would study lymphocytes
infiltrating all sites of melanoma metastases. However, access to tumors is limited by the
clinical settings in which surgery is performed. Metastases of the lung, liver, bone, and brain
are commonly treated with systemic therapy rather than excision. Despite limited sample
size, we have observed compelling differences between tumor infiltrating lymphocytes and
those in PBMC. Some tumor specimens have required enzymatic digestion before
cryopreservation, raising the possibility of higher in vivo expression of surface molecules
than we have observed in this study. In a separate set of experiments, we have evaluated
PBMC looking for changes in expression of the cell surface molecules reported for the
present manuscript after incubation for 20hrs in the enzymatic mix used for tumor digestion
(manuscript in preparation). With incubation, we observe a 20-30% reduction in the
observed proportion of cells expressing CLA and an 80-90% reduction for CXCRS3. In the
present work, we cannot rule out an enzymatic contribution to observed low CLA
expression. However, the reduction observed in the PBMC experiments is not large enough
to suggest that CLA expression in our examined tumors could have been greater than that in
PBMC, and CLA* cells are also low in other cutaneous tumors.23 While the observed
CXCR3 expression on intratumoral T cells reported here is likely an underestimate, it is
difficult to assess the magnitude of diminution, as the some of the observed values are too
high to possibly represent an 80-90% reduction from pre-digestion values. In the present
work, data on CLA and CXCR3 expression should be interpreted with some caution. On the
other hand, we have found that the chemokine receptors observed to be upregulated in tumor
metastases are likely only modestly reduced on PBMC, and retention integrins appear
wholly preserved on PBMC even after enzymatic digestion (data not shown). Although most
patients in each group had resected stage 111B-1VV melanoma, PBMC samples were collected
from different patients than those from whom tumors were collected, with some differences
in the range of stages between those groups. There are too few patients to assess if
melanoma stage has an effect on homing receptor expression. Another limitation of this
study is that the use of single cell suspensions of tumor precludes knowledge of the location
of T cells within the tumor architecture. Future studies will distinguish homing receptor
expression and function of T cells in perivascular, peritumoral, and true intratumoral
locations. Antigen specificity and function of infiltrating T cells are not assessed in this
study. This is another important area for future investigation, especially as it relates to
differences in recruitment, retention, and expansion of antigen-specific cells in the tumor
microenvironment.
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Given the clear association of improved survival with increased immune cell infiltrate into
metastatic melanoma, the fact that less than 10% of patients have diffuse T cell infiltrate into
tumor demands new approaches to enable infiltration by antitumor T cells. Our findings
suggest several T cell homing receptors that may mediate T cell homing to the MME
(CCR4, CCR5) and retention within metastases (integrins a1p1, a2p1, and aER7). We have
also identified T cell homing receptors that are not enriched in the tumor microenvironment:
CLA, a4pl and likely CXCR3. Future goals of combination immunotherapies may aim to
increase their ligands (endothelial E-selectin, VCAM-1, and CXCL9-11) in the MME as
new approaches to increase infiltration of effector and effector-memory T cells. Toll-like
receptor (TLR) agonists and interferons administered to tumor microenvironments may
increase E-selectin and CXCL9-11, respectively;26: 34 they represent classes of therapeutic
agents available for clinical intervention in humans, with some agents already FDA-
approved for other indications. Future use of such agents in combination with other immune
therapies may have a significant impact on the survival of patients with advanced
melanoma.
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PD-1 programmed cell death protein-1
Poly I:C Polyinosinic:polycytidylic acid
Tcpa CD4* T cells
Tcps CD8* T cells
Tem effector memory T cells

Int J Cancer. Author manuscript; available in PMC 2015 February 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Salerno et al. Page 11
TEMRA CD45RA*/CCRT7"9 effector memory T cells
TGF-p transforming growth factor beta
TIN tumor infiltrated lymph node
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(c) 29,468; 4,981; 20,574. (d) 5,375; 1,396; 33,722. N = number of samples in each
category. NLN = normal lymph node. TIN = tumor-infiltrated lymph node.
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FIGURE 6. T cell expression of collagen retention integrinsal1f1 and a2f1
Box and whisker plots are shown for the proportion of T cells expressing each integrin with

individual data points represented by dots. Comparisons are in reference to PBMC, with p
values from Mann-Whitney U tests given for each site. NS= non-significant, p= 0.05.
Retention integrin al1f1 expression in Tcpg (@) and Tepg (b). Retention integrin a2f1
expression in Tcpa (€) and Tepg (d). Representative examples of flow cytometric data for

al are included in Figure 5(c, d). Representative examples of flow cytometric data for a2 by
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Tcpg cells are shown here (€) with event counts (left to right): 3,620; 1,163; 4,372. NLN =
normal lymph node. TIN = tumor-infiltrated lymph node.

Int J Cancer. Author manuscript; available in PMC 2015 February 01.



