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Abstract

Early in solid tumor development, antigens are presented in tumor-draining lymph nodes (tdLN), a
process which is required to set up immune surveillance. Recent evidence indicates that tdLNs fuel
systemic tumor-specific T cell responses, which may halt cancer progression and facilitate future
responses to immunotherapy. These protective responses, however, are subject to progressive
dysfunction exacerbated by LN metastasis. Here, we discuss emerging preclinical and clinical
literature that indicates that the tdLN is a critical reservoir for systemic immunity that can
potentiate immune surveillance. We discuss the impact of lymph node metastasis and argue that a
better understanding of the relationship between lymph node metastasis and systemic immunity is
necessary to direct regional disease management in the era of immunotherapy.
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Introduction

Solid tumor progression is often associated with regional lymphatic dissemination that
can precede emergence of distant, visceral metastases. The sometimes-sequential nature
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of tumor metastasis, from locoregional to systemic disease, motivates the early resection
of the primary tumor and regional (lymph node, LN) disease to minimize future spread.
Consequently, identification of tumor cells in the sentinel LN (SLN), the first tumor-
draining lymph node (tdLN) identified in patients by lymphoscintigraphy at the time of
wide excision, is a significant negative prognostic factor [1]. Consistent with sequential
metastasis, preclinical models provide direct evidence that tumor cells in LNs are capable
of accessing the hematogenous vasculature and disseminating systemically [2,3]. Recent
clinical trials in melanoma and breast cancer, however, indicate that immediate complete
LN dissection following positive SLN biopsy does not extend disease-free survival over
observation [4,5] and the therapeutic value of even SLN biopsy remains hotly debated
[6]. These data present at least two non-mutually exclusive possibilities: 1) that even at
early-stages, tumors are already disseminated systemically, or 2) that LN metastasis may
have a negative impact on systemic outcomes independent of its role as a depot for future
metastasis. In both cases, hematogenous and lymphogenous metastasis may happen in
parallel. Indeed, in colorectal [7] and breast cancer [8], the majority of patients’ distant
and LN metastases do not share a common clonal origin but rather derive separately from
distinct clones in the primary.

That LN metastasis might have a negative impact on systemic outcomes independent

of sequential metastasis supports an emerging hypothesis that LN metastasis promotes
immune suppression in tdLNs that subsequently impacts systemic immune surveillance
and facilitates hematogenous spread [9]. This is consistent with a long history of evidence
describing the progressive expansion of suppressive leukocyte populations within tdL.Ns
over time and with the development of LN metastasis [10]. Despite evidence for local
immune suppression, however, tdLNSs are also potent sources of anti-tumor immunity

and therefore potential targets for successful immunotherapy [11-14]. Understanding best
how to leverage the protective potential of tdLNs in patients will depend on generating
mechanistic insight into the immune potential of tdLNs over time, their contribution to
systemic responses, and the consequences of LN metastasis for local and systemic immune
function. Here, we review the role of the tdLN as the primary site of tumor antigen
presentation, outline recent data supporting a role for tdLNs in systemic response to
immunotherapy, and explore the emerging understanding for how LN metastasis impacts
both local and systemic immune surveillance.

Antigen presentation and immune surveillance

LNs are secondary lymphoid organs found throughout the body that serve as critical
coordinating points for immune surveillance where naive and memory T and B cells home to
LNs to survey for cognate antigen. Antigen reaches the LN through a network of lymphatic
vessels that unidirectionally drain fluid, cells, and soluble factors from peripheral tissues to
LNs to be filtered before returning to the blood. Lymphatic transport is therefore required to
initiate peripheral tissue immune responses as the route for the active migration of antigen
presenting cells (APC) and transport of soluble antigen [15]. Though lymphatic vessels may
be remodeled during tumor development through a process termed lymphangiogenesis, they
remain the critical route for antigen presentation and thereby necessary for the induction of
anti-tumor adaptive immune responses and enhancement of local inflammation [16,17] (see
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Box 1). Tumor-associated lymphangiogenesis, driven in large part by the overexpression of
vascular endothelial growth factor C, is sufficient to enhance APC migration and subsequent
CD8* T cell priming, thereby improving response to immunotherapy [18-20].

The active transport of antigen to tdLNs for presentation to T cells depends on APCs
expressing the CC motif chemokine receptor 7 (CCR7), which is necessary for migration
via lymphatic vessels, both at steady state and in response to inflammation [21,22].
Presentation of tumor-derived antigens to CD8* T cells is mediated by conventional
dendritic cells (cDCs) that can be migratory or tissue-resident and may be capable of
cross-presenting antigen. Mice lacking cross-presenting cDCs (cDC1s) fail to activate CD8*
T cells and respond to immunotherapy [23,24]. In tumors, cDC1s, which are critical for
CD8 T cell priming, seem to function simultaneously to support both CD8" and major
histocompatibility complex Class 11 (MHC-11) -dependent CD4" T cell priming [25], which
further licenses cDC1s for optimal CD8" T cell priming. Migratory CD103* and CD11b*
DCs can transfer antigen to resident CD8a* cDC1s in tdLNs [26], as in non-malignant
settings [27], and in so doing also transfer contextual cues from the upstream tumor [28].
Further mechanisms of antigen presentation [29] and the multifaceted roles of dendritic cells
(DCs) [30] in cancer have both been recently reviewed.

Despite their potential to mobilize tumor-specific immune responses, migratory DCs are
often immune-suppressed in the tumor microenvironment; they acquire immune regulatory
programs [31], express inhibitory molecules such as programmed cell death ligand 1 (PD-
L1) [12,32,33] and T cell immunoglobulin and mucin domain-containing protein 3 (T1M-3)
[34,35], and decrease in number over time [36], all of which ultimately limits CD8* T cell
expansion and function. Reduced numbers of DCs and reduced expression of activation
markers (CD40, CD83, CD86), is already evident in SLNs prior to the formation of LN
metastasis in breast cancer patients [37,38], although the extent to which this is seen in

other solid tumor types may vary [39]. Ultimately, these changes in the antigen presentation
interface results in suboptimal priming of CD8" T cells [40,41] that is imprinted rapidly
during priming [42]. Instead of acquiring a transcriptomic and epigenetic profile consistent
with effector function, CD8* T cells primed in tdLNs express low levels of effector
molecules and maintain markers of naive or memory T cells, such as T cell factor 1 (TCF-1),
which antagonizes the effector program [43], especially in poorly immunogenic tumors

that express low levels of MHC class | [44]. This distinct mode of priming supports the
formation of a stem-like CD8* T cell (Tgc, TCF-1*TIM3") state [40] (also called progenitor
exhausted). TSC can self-renew [45] or give rise to differentiated cytotoxic effector T

cells by interacting through the CXCL9/CXCL10-CXCR3 axis with MHCINSh CCR7"ed
cDCl1s in the tumor stroma [46], and through chronic antigen stimulation become terminally
exhausted T cells [43]. Although Tgc can be found in the tumor microenvironment, they

are often enriched in the tdLN in preclinical models of lung, melanoma and prostate cancer
[13,36,40,47], which may help to maintain their progenitor state through protection from
chronic antigen-induced dysfunction, and represent a critical mechanism for maintaining
immune responses under the pressures of persistent antigen. In tdLN, Tg¢ retention depends
in part on transforming growth factor g (TGF), where TGFp signaling both seems to
restrain differentiation by suppressing the effector program and promote nodal residence

by inducing CD103 expression on T cells [48]. While there is some evidence that the
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specific state of newly primed CD8* T cells may differ by anatomical location of the tdLN
[49] as a consequence of changes in baseline cytokines and effector populations [50], a
comprehensive analysis of how anatomically distinct LN microenvironments shape immune
potential remains to be carefully investigated.

Systemic immune surveillance

The potential for active tumor-associated antigen presentation in the tdLN, even if
suboptimal, supports a reasonable hypothesis that tdLNs might be important for the
reinvigoration of anti-tumor immune surveillance in the setting of immunotherapy (Figure
1). Lymphadenectomy at the time of primary resection in mice suppresses CD8* T cell
mediated systemic immune surveillance at distant sites [51] and reduces the efficacy

of ICB [14,47]. Consistent with surgical removal, use of the sphingosine-1-phosphate
receptor 1 (S1PR1) agonist FTY720 to limit de novo recruitment of lymphocytes from

LNs during ongoing immunotherapy blunts responses to ICB [13,52] and the mobilization
of interleukin (IL)-7-dependent, memory responses capable of preventing tumor outgrowth
upon rechallenge [53]. TdLNs give rise to an expanded pool of fully differentiated anti-
tumor T cells in response to programmed cell death protein-1 (PD-1)/PD-L1 blockade
[12,14] that become effector cells responsible for mediating tumor control [54-56]. In
particular, Tsc in tumors depend on constant seeding from the tdLN [13,36,40] since antigen
encounter in tumors drives local differentiation, residence, and exhaustion [40,57,58], while
suboptimal antigen encounter supports TSC enrichment [59] and enables their egress and
trafficking back to the tdLN [57,60]. Importantly, consistent with these circulation patterns,
Tsc in human tdLNs are clonally related to tumor-infiltrating, exhausted lymphocytes in
lung [61], kidney, prostate, bladder cancer [40], hepatocellular carcinoma [47] and head and
neck squamous cell carcinoma (HNSCC) [62]. Consistent with all of these data, clonal
tracking of CD8* T cells in human basal and squamous cell carcinoma demonstrated

clonal replacement of CD8* T cells in the primary tumor following anti-PD-1 therapy [63].
Based on these observations, targeting the tdLN could be advantageous for the efficacy of
immunotherapy, and indeed pre-clinical ICB targeting the tdLN [11,12,64] drives effective
tumor control and exhibits improved responses over systemic administration. Most recently,
clinical trials demonstrate that ICB delivered in the neoadjuvant setting, prior to surgical
resection, improves overall survival relative to administration in the adjuvant, post-resection,
setting in high risk Stage 11-1V resectable melanoma [65,66], with similar results reported
for breast and lung carcinoma [67]. These data all together point toward the potential
therapeutic value of an intact nodal basin for systemic immune surveillance.

Interestingly, however, early clinical data emerging from neoadjuvant trials indicates that
LN metastasis may limit response to neoadjuvant ICB. In resectable non-small cell lung
cancer (NSCLC), the presence of LN metastasis was associated with poor response to
neoadjuvant ICB and shorter regression-free survival [68]. Consistent with the impact of
the tdLN on emerging systemic responses, these clinical data indicate that metastasis may
further disrupt the tumor-specific immune response. Indeed, flow cytometric profiling of
DCs from SLNs of melanoma patients revealed a decrease in the number of mature LN
DCs in metastatic SLN as compared to non-metastatic SLN [39]. Furthermore, the increase
in diameter of the metastatic melanoma lesions correlated with progressive reduction of

Trends Cancer. Author manuscript; available in PMC 2025 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Delclaux et al.

Page 5

CD83 expression, a marker of mature DCs that stabilizes MHC Class Il surface expression
[39]. The decline in CD83 on DCs was also observed in metastatic LNs from breast cancer
patients [37]. Consistent with the changes in APC maturation, CD8* T cells in metastatic
SLN exhibit signs of reduced activation and function. Compared to non-metastatic SLN,
CDS8™ T cells from metastatic SLN have reduced expression of the costimulatory protein
inducible T cell co-stimulator (ICOS) and human leukocyte antigen (HLA)-DR, markers

of T cell activation [37]. Further, sScRNAseq performed on SLNs from melanoma [69] and
HNSCC [62] patients showed increased exhaustion profiles in CD8* T cells and a decrease
in stem-like CD8* T cells in metastatic LNs. Consistent with their transcriptional program,
CD8* T cells isolated from melanoma tdLN and activated ex vivo demonstrated reduced
effector potential and increased expression of checkpoint molecules [69]. In HNSCC,
exhausted T cells colocalized with DCs expressing increased regulatory molecules (CD39,
indoleamine 2,3-dioxygenase (IDO), TIM3, PD-L1), Treg expressing higher suppressive
markers (TIM3, CD39), and naive CD4* T cells expressing elevated TCF-1, suggestive of an
immunosuppressive niche unique to the metastatic LN [62]. Furthermore, HNSCC patients
with LN metastasis demonstrated reduced expansion of circulating CD8* T cells in response
to ICB [62]. This is all consistent with mouse models, where despite the fact that increased
tumor-associated lymphangiogenesis can boost DC transport and T cell priming [19,20], the
concomitant seeding of LN metastases appears to generate a less functional CD8* T cell
response over time [18].

One of the most consistent observations across preclinical models and in patient

LN biospecimens is the expansion and accumulation of Trgg, which promote an
immunosuppressive microenvironment and may further alter CD8* T cell responses
[9,37,39,70-73]. Single cell profiling of human breast cancer metastatic LN [72] and an
orthotopic murine model of breast cancer with spontaneous LN metastasis [71] both found
expansion of LN Trgg upon metastasis. TREG isolated from metastatic LNs were also more
proliferative and expressed higher levels of the costimulatory markers ICOS, glucocorticoid-
induced TNFR-related protein (GITR), and OX-40 and high levels of checkpoint molecules
PD-1 and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) [71,72]. Activated Treg
can directly suppress the effector T cell response, and the expression of checkpoint
molecules by TREG may indicate that ICB may activate these populations in addition to

the effector CD8* response [74]. Plasmacytoid DCs were initially implicated in the adaptive
induction of LN TREG through expression of indoleamine 2,3-dioxygenase [75], but more
recently, TREG expansion was also linked to the establishment of LN metastasis [9,72] and
even suggested to be a direct result of elevated MHC Class Il expression on breast cancer
cells that metastasize to LNs [71]. Importantly, this expansion of Treg in LNs may directly
impact the development of distant metastasis. Profiling of human metastatic melanoma
tdLN by Nanostring whole-slide gene expression and multiplex imaging correlated increased
forkhead box P3 (FOXP3) expression, indicative of Treg expansion, with higher rates of
distant recurrence within 24 months of primary resection [76]. In an implanted model of
melanoma that spontaneously metastasized to the tdLN, the presence of tumor cells in the
tdLN induced an expansion of Treg in the tdLN. Adoptive transfer and antibody depletion
experiments established that these Trgg, once in circulation, home back to sites of tumor
and are sufficient to generate an antigen-specific state of immune suppression that promotes
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primary tumor growth [73] and experimental lung metastases [9]. These data indicate that
local changes in tdLNs as a result of metastasis may be sufficient to alter systemic immune
surveillance.

Locoregional tumor control

Given the impact of LN metastasis on the tdLN immune repertoire, and consequently
systemic immune surveillance, it is reasonable to predict that mechanisms that protect
tdLNs from metastasis could have a significant impact on patient outcome and may provide
new targets for the protection or reinvigoration of systemic immune responses. While little
is known about the active mechanisms that limit the formation of LN metastasis, it is
evident that tumor cells must adapt to the unique microenvironment of lymphoid tissue [77].
Two recent manuscripts, in particular, associate preclinical LN metastasis with acquisition
of an interferon (IFN) signature [9,71], which may reflect an adaptive response to local
cytotoxicity. While other tdLN populations, for example the subcapsular sinus macrophage
and others (reviewed [10]), contribute to locoregional control, we focus here on two recently
appreciated cytotoxic populations, lymph node resident T cells (Trp) and natural Killer
(NK) cells, that may represent an important protective barrier to regional dissemination
within the LN.

Lymph node resident memory T cells

Resident memory T cells (TRM) are a distinct subset of non-circulating memory T

cells, typically defined by their high expression of CD69 and CD103 and relatively low
expression of CD62L and S1PR1 when compared to their circulating counterparts. TRM
patrol previously infected barrier tissues and provide localized protection against reinfection
either through direct cytolytic activity or by orchestrating the recruitment of innate and
adaptive immune cells (reviewed in [78]). Trp are capable of protecting barrier tissue

from tumor recurrence in preclinical models [79,80]. Tumor infiltrating lymphocytes with

a resident-like phenotype are seen in many solid tumors and associated with improved
outcome in breast [81] and hepatitis B virus-associated hepatocellular carcinoma [82]. In
addition to barrier tissues, however, Try also form in secondary lymphoid organs following
acute viral infections [83], where they may be able to respond rapidly to reencounter with
pathogen. The potential for anti-tumor immune surveillance to establish a LN resident
population raises the interesting possibility that there might be at least a temporary barrier
to LN infiltration and metastasis. In a model of melanoma-induced vitiligo, in addition to
forming broadly in skin [80], Trm cells developed in LNs and persisted over time [84].
Consistent with the preclinical data, LN Trp Were also identified in melanoma patients and
exhibited evidence of clonal expansion, hinting at likely tumor-specificity [84]. Importantly,
LN Trpm offered local protection upon experimental melanoma rechallenge and a high LN
Trwm score stratified for longer survival of nearly 48 months in human metastatic LNs [84].
These data provide the first evidence that a Ty population generated in LNs during tumor
development could provide a protective, local mechanism to interrupt regional metastasis.
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Natural Killer cells

Natural Killer (NK) cells are an essential component of tumor immune surveillance, and
therapies to enhance and restore NK cell mediated cytotoxicity continue to be developed
[85]. NK cells are located in the LN medulla and paracortex, are recruited from blood,

and form long-lasting interactions with DCs and are potent secretors of the cytokine IFN-y
[86], which may also promote the cytotoxicity of T cells in the paracortex. NK cells

identify target cells that lack of MHC Class I, triggering NK cell-mediated lysis. NK cell
surveillance is implicated in preventing hematogenous metastasis to visceral organs [87] and
reactivation of cancer cells from dormancy [88]. NK cells may also, however, directly limit
LN metastasis [9,70,89]. In spontaneous models of LN metastasis, NK cells are recruited to
inflamed tdLNs in a L-selectin-dependent manner, where they reduce both the incidence and
overall burden of LN metastasis in preclinical melanoma [89]. Interestingly, the progressive
adaptation of melanoma cell lines for LN tropism revealed upregulation of MHC Class

| as an essential modification to permit tumor cell seeding of the LN [9], which may
indicate that evasion of NK-mediated surveillance is a critical first step to metastasis.
Interestingly, the expansion of Trgg in the tdLN, described above, may also serve to
suppress NK cell surveillance and thereby further support a microenvironment conducive to
metastatic outgrowth. In a spontaneous mouse model of breast cancer, LN TREG limited the
accumulation and activation of NK cells in the tdLN [70]. Importantly, while depletion of
TREG reduced LN metastasis, concomitant depletion of NK cells completely reversed this
phenotype, providing additional evidence that the evasion of NK cell function is key to an
increased incidence of LN metastasis [70].

These emerging data indicate that tdLNs likely harbor mechanisms that protect against
tumor invasion and the progressive suppression of their function may underscore regional
metastasis in some patients. Together with the evidence for disrupted systemic immune
surveillance, a model emerges whereby the chronic education of the tdL N basin features

a dynamic interplay between multiple mechanisms that shift the balance between immune
surveillance and metastasis (Figure 2). What tips these scales remains an important question
for future mechanistic and clinical study.

Concluding Remarks

The clinical landscape for treatment of solid tumors is rapidly evolving to incorporate a
growing toolbox of immunotherapies and an increasing appreciation for the importance of
proper sequencing of targeted and conventional therapies, including surgery. The recent
successes of neoadjuvant therapy along with the failure to demonstrate survival benefit
with complete LN dissection calls for at least a rethink of regional disease management.
The data presented here argue that the tdLN basin harbors tremendous immune potential,
but also points out the progressive dysfunction that emerges as regional disease advances.
There remains a clear need to expand on our understanding of the immunobiology of the
tdLN (see Outstanding Questions) using spontaneous models of LN metastasis paired with
clinically relevant surgical regimens and immunotherapy. Clinically, expanded efforts to
understand whether and to what extent LN metastasis limits response to immunotherapy
in the neoadjuvant setting will be necessary to guide patient selection for trial and to
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surgical regional disease management. If LN metastasis indeed limits ongoing therapy,

a mechanistic understanding of the direct impact of metastasis on the heterogenous LN
populations that mediate both local and systemic tumor control may lead to novel therapies
that preserve systemic immune surveillance. Given that patients may present with LN
involvement at diagnosis, therapies that disrupt metastasis-induced immune suppression or
control macro-metastatic outgrowth, may have a more significant clinical impact than those
aimed at preventing initial seeding. Ultimately, the application of emerging data to shift the
clinical paradigm, will require close partnership between basic scientists and the surgical
and medical oncologists to understand what is both feasible and effective for patients.
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BOX: A Lymphatic Niche?

Stromal cells that form the lymph node (LN) scaffold are active players in regulating the
position, survival, and in some cases, the function, of local leukocytes. The lymphatic
endothelium, in particular, lines the subcapsular sinus (SCS), interfollicular zones, and
medulla of the LN, creating distinct anatomical niches that govern the influx and efflux
of peripheral tissue material [90]. Indeed, the SCS is a point of convergence for lymph-
borne antigen, dendritic cells (DCs), effector [91] and stem-like T cells [60,92], and
metastasizing tumor cells. More than a simple structural scaffold, lymphatic endothelial
cells (LECs) themselves exhibit intrinsic immunologic function, including the scavenging
of exogenous antigen for either cross-presentation [18,93,94] or long-term archiving [95];
the regulated release of nitric oxide to control local T cell proliferation [96]; inhibition of
DC maturation [97]; and maintenance of peripheral tolerance at least in part through high
constitutive expression of PD-L1 [98]. In fact, LECs have the highest expression of PD-
L1 in the LN stroma and express at least as much, if not more, than migratory DCs [99].
Indeed, the majority of T cells primed by LECs undergo apoptosis [18,93,94], however,
a subset persist to memory and exhibit features of central and stem-like memory [94].

It is, therefore, intriguing to speculate that the lymphatic endothelium, which expands

in response to tumor-drainage and inflammation [10], may provide an anatomical and
functional niche that contributes to the persistence of stem-like, resident, and or effector
T cell populations residing within the LN. The remodeling of this lymphatic niche by
tumor cell arrival may therefore disrupt the necessary signals that maintain quiescence
and long-term function.
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Outstanding Questions

Does lymph node metastasis limit response to neoadjuvant immunotherapy?
If it does, what are the clinical features of lymph node burden that determine
outcome?

In the clinic, does targeting immune checkpoint blockade to tumor draining
lymph nodes improve response? What is the impact both on lymph node and
distant tumor burden?

What are the therapeutically relevant ways in which to target immune
suppression in the tumor draining lymph node and would this boost systemic
immune surveillance?

To what extent can lymph node immune suppression be reversed and when?
Is early primary tumor removal sufficient to restore immune surveillance?

What are the necessary adaptations that allow tumor cell seeding of lymph
nodes and what are the mechanisms of local immune evasion?

Where are lymph node resident memory T cells, what is their natural
evolution, and could they underlie the heterogeneity in risk for regional and
distant recurrence?

If sentinel lymph node biopsy is performed, can non-sentinel lymph nodes
within the regional basin be reinvigorated for therapeutic response?

Are baseline responses in tumor draining lymph nodes tissue-specific, either
quantitively or qualitatively (e.g. gut vs skin vs brain)?

What are the mechanistic consequences of lymph node metastasis on systemic
immune surveillance beyond regulatory T cells? How does this evolve with
time?

When do the primary tumor-draining lymph nodes no longer matter?
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Highlights

Lymphatic transport facilitates antigen presentation in tumor-draining lymph
nodes and priming against tumor-associated antigen imprints a distinct
functional program in CD8" T cells.

The tumor-draining lymph node sustains systemic anti-tumor immune
surveillance and promotes the efficacy of immune checkpoint therapy.

Lymph node metastasis exacerbates immune suppression including reduced
DC maturation, CD8* T cell and NK cell dysfunction, and expansion of
regulatory T cells.

Tumors evade protective mechanisms that safeguard lymph nodes from
metastatic growth.

In the era of immunotherapy regional disease management protocols may
need to consider the potential impact, both good and bad, of the draining
lymph node on response and recurrence.
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Figure 1. The tumor-draining lymph node supports systemic anti-tumor immune surveillance.
The afferent lymphatic vasculature transports tumor-derived material (e.g. antigens),

leukocytes, and tumor cells from the primary tumor to the tumor draining lymph node
(tdLN). Dendritic cells in the tdLN express PD-L1 and exhibit a more immature phenotype,
resulting in suboptimal priming of CD8* T cells, characterized by a failure to activate full
effector function. Further contributing to these dysfunctional CD8* T cell states, regulatory
T cells (Treg) expand in tdLNs, even before metastasis, and home to sites of tumor

where they inhibit effector function. Tumor-primed CD8* T cells retain a more stem-like
phenotype (Tgc), self-renew, and circulate from the tdLN through the blood to sites of
tumor, particularly in response to immunotherapy, where they are necessary to seed the
intratumoral T cell repertoire. Within tumor, a second antigen encounter provided by local
antigen presenting cells induce TSC differentiation to an effector (Tggr) and then towards
terminal differentiation and exhaustion (Tgx). CD8* T cells that remain in the T¢ fate or
receive only weak antigen stimulation also egress the tumor to return to the tdLN.
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Figure 2. Metastasizing tumor cells evade local mechanisms of protection and induce immune
dysfunction.

Local protection. Lymph nodes harbor defense mechanisms that limit tumor cell seeding.
Cytotoxic resident memory CD8* T cells (TRM) and natural killer (NK) cells provide rapid
cytotoxicity in response to tumor arrival, limiting tumor cell seeding and protecting the
antigen-specific, stem-like CD8* T cells (Tsc) that circulate and mediate primary tumor
control. Metastasis. Eventual seeding of the lymph node by cancer cells may depend on
upregulation of MHC Class I, allowing them to evade killing by NK cells. The seeding of
tumor cells then further conditions the lymph node by expanding regulatory T cells (Treg),
in part by MHC Class Il expression, and promoting a decrease in dendritic cell maturation
and local antigen presentation that drives the Tgc population towards dysfunction (Tggg/
Tex). Treg further suppress NK cell cytotoxicity, limit the priming of effector CD8* T cell
responses, and recirculate to exert their suppressive function at distant tumor locations.

...
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