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Introduction: High Tregs infiltration within the tumour microenvironment (TME) of various cancers shows a
positive correlation with poor prognosis. Despite the fact that tumour draining lymph nodes (TDLNs) are
recognized as key organs playing a crucial role in response to immunotherapy and modulating anti-cancer im-
munity, the distribution of Tregs and their role in TDLNs remain uncertain thus far. The purpose of this project is
to investigate the density of Tregs in TDLNs and non-TDLNs and their expression of immune checkpoint mole-
cules — PD-1 and CTLA-4.

Methods: Samples including TDLNs, non-TDLNs and metastatic lymph nodes (LNs) from 23 patients with oral
squamous cell carcinoma (OSCC) were analyzed by multicolour flow cytometry with a focus on Tregs population
and expression of CTLA-4 and PD-1.

Results: TDLNs and metastatic LNs were characterized by a significantly higher infiltration of Tregs defined as
CD4+FoxP3+CD25"81CD127"°Y cells and significantly higher expression of CTLA-4 and PD-1 on Tregs compared
with non-TDLNs. Tregs in TDLNs and metastatic LNs co-expressed CTLA-4 and PD-1 abundantly. High expression
of these immune check-point molecules correlated with positive N-stage but not with T-stage.

Conclusion: TDLNs and metastatic LNs are characterized by a high accumulation of Tregs expressing high levels of
CTLA-4 and PD-1. High infiltration of Tregs can be a potential driver of an immunosuppressive milieu in TDLNs
that can, in turn, favour cancer progression. High accumulation of Tregs expressing CTLA-4 and PD-1 in TDLNs is
associated with lymph node involvement, but not with the size of the primary tumour.

Introduction

Oral squamous cell carcinoma (OSCC) is the most common head and
neck cancer and accounts for approximately 380 000 cases and 180 000
deaths worldwide annually [1]. OSCC has had an increasing incidence
worldwide with a trend showing a significant increase, especially among
younger patients [2]. Despite recent advances in surgical and oncolog-
ical treatment, the prognosis is still relatively unfavourable with 5-year
relative survival of 66,9% [3]. Oral cancer has a deceitful tendency for
occult metastases which hampers the prognosis significantly why
different techniques to detect and investigate the tumour draining
lymph nodes (TDLNs) also known as sentinel node(s) have emerged.
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Trans Oral Robotic Surgery (TORS) has recently emerged as another
advancement aiming at improving the outcomes and de-escalation of the
adjuvant treatment [4]. Furthermore, cancer immunotherapy is one of
the additional advancements in the management of OSCC. The blockade
of immune checkpoint molecules (ICIs) such as programmed cell death
protein 1 (PD-1) and cytotoxic T-lymphocyte-associated protein 4
(CTLA-4) on host immune cells showed a remarkable efficacy across
different cancer types and significantly improved survival in some pa-
tients, especially with advanced stages of the disease [5-7]. Still, a sig-
nificant fraction of patients treated with ICIs do not respond to treatment
or achieve only stabilization of the disease [8]. Thus, there is a need for
the development of reliable biomarkers identifying responders. As ICI
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modifies the host’s immune system, it seems natural to explore in-depth
antitumor responses to understand resistance mechanisms.

There is accumulating evidence suggesting that CD4" regulatory T
cells (Tregs), which play a crucial role in inhibiting anti-tumour im-
munity, may be contributing to the clinical failure of ICIs [9]. Tregs are a
heterogenous group within CD4" T cells. The major subtype — natural
Tregs (nTregs) - are defined by the expression of nuclear transcription
factor Foxp3 and high levels of CD25 and low expression of CD127. High
Tregs infiltration within the tumour microenvironment (TME) of various
cancers showed a positive correlation with poor prognosis [10-13]. A
recent metanalysis by Shang et al. showed that high infiltration with
FoxP3 cells correlated with significantly shorter overall survival in
majority of solid tumours [14]. The prognostic significance of Tregs
infiltration in TME of head and neck cancer remains controversial. While
Seminerio et al. reported that Tregs infiltration improved disease-free
and overall survival in HNSCC patients, Sun et al. and Badoual et al.
reported a positive correlation between Tregs and worse prognosis
[15-17]. Hanakawa et al. showed also that high levels of Tregs
(CD4"FoxP3" cells) in TME of early-stage OSCC correlated with poor
prognosis [18]. Furthermore, Tregs in TME have been shown to express
upregulated levels of immune checkpoint molecules such as CTLA-4,
PD-1, TIM-3 that can further inhibit the anti-cancer immune response
by inhibiting effector T cells and influencing the function of
antigen-presenting cells (APCs) [19,20].

Recent research has been focused on finding predictive biomarkers in
the blood or TME. However, the importance of the tumour draining
lymph nodes (TDLN) as the source of tumour-specific CD4" and CD8™
cells and the site of important anticancer immunological events such as
antigen presentation, immune cell activation, priming, proliferation and
differentiation needs much more attention. TDLNs are defined as one or
a group of first lymph nodes draining a tumour. Non-tumour-draining
lymph nodes (n-TDLNs) come from the same patient’s neck but do not
directly drain the tumour. Even though TDLNs have been largely over-
looked in recent literature, there is still accumulating evidence sug-
gesting their pivotal role in orchestrating anti-cancer immune response
and them being a site of action for immunotherapies [21-24]. Deng et al.
showed that accumulation of Foxp3+ Tregs in TDLNSs is correlated with
disease progression and contributed to an immunosuppressive milieu in
colorectal cancer [25]. The distribution of Tregs in TDLNs and their
expression of immune checkpoint molecules in HNSCC has not been
studied before. Thus, this project aims to investigate and describe the
Tregs population in tumour draining lymph nodes (TDLNs) alterna-
tively, also called Sentinel Nodes (SNs) and compare them with
non-tumour draining lymph nodes (n-TDLNs).

Materials and methods
Patient characteristics

Eligible patients enrolled for this study met the following inclusion
criteria: 1) diagnosis of primary or recurrent oral cancer squamous cell
carcinoma (OSCC), 2) tumour/recurrence excision with sentinel node
assisted elective neck dissection (identification in SPECT-CT, and loca-
tion confirmed intraoperatively by gamma probe and injection of
indocyanine green (ICG) and further visualization with near-infrared
light) performed at Karolinska University Hospital, Stockholm, Swe-
den between March 2019 and June 2020, 3) willingness to participate in
the study. For details regarding the setting of sentinel node procedure at
Karolinska University Hospital, see the paper of Kigedal et al. [26].
Exclusion criteria were as follows: 1) systematic autoimmune diseases 2)
synchronous second malignancies, hemo-lymphopoietic malignancies in
the past 3) any other acute or chronic condition that could influence
immunological milieu in the lymph nodes. The flow chart of study
participants is shown in Supplementary Figure 1.
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Sample preparation

The unfixed neck sample after excision was transferred directly to
the Pathology Department, where one of the designated pathologists (P.
F.S.) handled samples and separated lymph nodes halves (all TDLNs and
1-2 n-TDLNs per one patient). The lymph nodes after surgical excision
were kept in pre-chilled MACS Tissue Storage Solution and used within 1
hour for further analysis. Tumour Dissociation KIT (Miltenyi Biotec
#130-100-008) was used to dissociate surgical specimens mechanically
and enzymatically. After dissociation, cells were filtered through a
100um cell strainer (BD biosciences #352360). Cells were re-suspended
in brilliant stain buffer (BD biosciences #563794) at 40*10*"6 cells/ ml
and used for downstream analysis.

Flow cytometry

Single-cell suspensions with purified cells from blood and surgical
specimens were first blocked with Fc-block for 5 minutes at room tem-
perature. Next, samples were stained with an antibody panel (LIVE/
DEAD™ Fixable Far Red Dead Cell Stain Kit, CD3, CD4, CD8, CD25,
CD127, PD-1, CTLA-4, CD69, HLA-DR,) for 20 minutes at room tem-
perature. Staining was followed by two washing steps performed with
PBS, 400g, for 5 minutes. For FoxP3 intracellular staining, cells were
fixed and permeabilized using BD Cytofix/Cytoperm™ solution (BD
Biosciences, 560098) according to the manufacturer’s protocol. For
washing steps, Perm Wash Buffer (BD Biosciences, 554723) was used
following the manufacturer’s protocol. After two additional washes cells
were resuspended in PBS with 1% paraformaldehyde (HistoLab
#02178) and analyzed on LSR FORTESSA (BD Biosciences). Analysis of
the flow cytometry data was performed with FlowJo version 10.8.0
(LLC, USA).

Cells were first gated based on side scatter (SSC-A) and forward
scatter (FSC-A) to exclude debris. Based on Live/dead staining with
LIVE/DEAD™ Fixable Far Red Dead Cell Stain Kit, viable cells were
selected. Cells were then gated manually to delineate following cell
subpopulations CD3"CD4%, CD34CD4+4FoxP3+, CD3+CD4+FoxP3
+CTLA-4+, CD3+-CD4+FoxP3+PD-1+, CD3-+CD4+FoxP3-+CD25M8"C.
D127'°". Then the expression of CTLA-4 and PD-1 was analysed indi-
vidually on the aforementioned populations. FMO negative controls
were used for CTLA-4 and PD-1 antibodies. Summary of the gating
strategy for T regulatory cells is showed in Supplementary Figure 2.

Statistical analysis

Statistical analyses were performed with GraphPad Prism version
9.0.0 (GraphPad Software, La Jolla, CA, USA). The Kolmogorov-Smirnov
normality test was used to determine if data sets were normally
distributed, and Mann-Whitney or two-tailed Unpaired t-test were
chosen, depending on the distribution of the data. Paired t-test was used
to compare paired groups of data. P < 0.05 (*) was considered signifi-
cant, and P < 0.01 (**), P < 0.001 (***), P < 0.0001 (****) were
considered highly significant.

Ethical approval

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional and/or
national research committee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards. Informed consent
was obtained from all individual participants included in the study.
Regional Ethics Committee Approvals: 2015/1650-31/2 and 2019-
03518.
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Table 1 Results
Summary of the clinical and pathological characteristics of enrolled

patients. Patient clinical and pathological characteristics

Clinical/pathological characteristic

Age Twenty-three patients with OSCC were enrolled in the study. There

Mean (< SD) 62.7 + 16 were 8 female (34,8%) and 15 male (65,2%) patients with the age range
N (%) of 23 — 82 and mean age of 62.7 + 16. The summary of clinical and

Sex pathological characteristics is shown in Table 1. Patients with known

FMEE:IE ?5(3('2’582;) nodal metastases (cN+) were also included. Detailed clinical informa-

Smoking history ’ tion is presented in Supplementary Table 1. A total of 46 TDLNs and 22

Yes 8 (34,8%) n-TDLNs were investigated. One patient contributed with one lymph

No 15 (65,2%) node, seven with two lymph nodes, seven with three lymph nodes and

Tumour localization eight with four lymph nodes (both TDLNs and n-TDLNs). Eighteen pa-

Tounge 18 (78,3%) tients were diagnosed with tongue squamous cell carcinoma and five

Floor of mouth 5 (21,7%)

T-stage with the floor of the mouth squamous cell carcinoma. Twelve patients

T1 11 (47,8%) (52,2%) had nodal metastases confirmed in histopathology.

T2 8 (34,8%)

T3 4(17,4%) . o .

N-stage TDLNs and metastatic lymph nodes accumulate a significantly higher

NO 11 (47,8%) percentage of Tregs

N1 6 (26,1%)

N2a-c 6 (26,1%)

In flow cytometry, we identified FoxP3+ positive population defined
as CD3+/CD4+/FoxP3+ and T regulatory lymphocytes (Tregs) defined
as CD3+/CD4+/FoxP3+/CD25"8"/CD127"°%, The frequency of
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Fig. 1. Distribution of FoxP3+ cells and Tregs in TDLNs and n-TDLNs (A-B). Distribution of FoxP3+ cells and Tregs in Met+ LNs and Met- LNs (C-D). *<.05, **<.01,
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Fig. 2. Comparison of TDLNs and n-TDLNs in regard to percentage of CTLA-4+ cells within CD4+ gate (A), CD4+FoxP3+ gate (B) and CD4+FoxP3+CD25™¢"C-
D127 gate (C). Comparison of Met+ LNs and Met- LNs in regard to percentage of GTLA-4+ cells within CD4+ gate (D), CD4+FoxP3+ gate (E) and
CD4+FoxP3+CD25M8"CD127%° gate (F). *<.05, **<.01, ***<.001, ****<0.0001. Fig. 2G. Representative flow cytometry analysis of CTLA-4 expression within
CD4-+FoxP3+CD25"8"CD127' gate in Metastatic LN, TDLN and nTDLN.



K. Piersiala et al.

Metastatic LN

Translational Oncology 23 (2022) 101469

nTDLN

(&) Q2 [e}]
470 040 266

CTLA-4/BV421

Q3
1.85

Q3
280

FSC-H

Fig. 2. (continued).

CD4+FoxP3+ cells and Tregs was significantly higher in TDLNs
compared with n-TDLNs (p = 0,0186 and p = 0,0197, respectively)
(Fig. 1 A-B). The average percentage of Tregs in TDLNs was 4,8% and
3,4% in n-TDLNs.

Ten lymph nodes, which we investigated, contained metastases
verified in histopathology. Those metastatic lymph nodes were charac-
terized by a high accumulation of CD4+FoxP3+ cells and Tregs
compared with lymph nodes without metastases. Metastatic lymph
nodes contained at average 7.02% Tregs compared with 3.90% in all
lymph nodes without metastases (p <0,0001) (Fig. 1C-D).

Accumulation of CTLA-4 expressing Tregs in TDLNs and metastatic lymph
nodes

The flow cytometry analysis revealed that CD4+, CD4+FoxP3+ and
Tregs in TDLNs and metastatic lymph nodes (LNs) expressed signifi-
cantly higher percentage of CTLA-4 as compared with n-TDLNs.
(Fig. 2A-F). Representative dot plots of CTLA-4 expression on Tregs are
presented in Fig. 2G. In average, CD4+ cells in TDLNs expressed CTLA-4
at 5,80% compared with 3,33% in n-TDLNs (p< 0,0005). The same
observation was made in comparison of metastatic (Met+) and non-
metastatic lymph nodes (Met-) (9,05% vs. 5,20%, p<0,0047)(Fig. 2A,
D). FoxP3 positive CD4+ cells and Tregs expressed CTLA-4 at signifi-
cantly higher levels (Fig. 2B, C, E, F). Tregs in TDLNs expressed CTLA-4
at 33,58% in average compared with 25,03% in n-TDLNs (p= 0,0313).
Tregs in metastatic LNs were characterized by even higher expression of
CTLA-4 with mean expression of 39,24% in Met+ nodes and 28,79% in
Met- (p=0,0499).

Tregs in lymph nodes express high levels of PD-1 and the PD-1 expression
correlates with the presence of metastases in lymph nodes

CD4+ cells in TDLNs and n-TDLNs express PD-1 at comparable levels
with an average percentage of PD-1 positive cells of 30.90% and
30.80%, respectively. Tregs tend to express higher levels of PD-1 on
their surface with an average of 65,32% positive cells in TDLNs and
58,06% in n-TDLNs (p=0,0754). High expression of PD-1 correlates with
the presence of metastases in lymph nodes. Met+ LNs had significantly
higher expression of PD-1 on Tregs and FoxP3+ cells compared with
Met- LNs (p= 0,0165 and p= 0,0217, respectively)(Fig. 3A-F).

Tregs in TDLNs and Metastatic LNs co-express abundantly PD-1 and
CTLA-4

Multicolour flow cytometry analysis revealed significant numbers of
Tregs co-expressing PD-1 and CTLA-4 in the studied compartments. In

TDLNs and Met+ LNs, there was a significantly higher fraction of
double-positive cells observed compared with n-TDLNs and Met- LNs. In
TDLNs, on average 20,85% of Tregs were double-positive, whereas in n-
TDLNSs 15,45% (p=0,0246)(Fig. 4A). Metastatic LNs were characterized
by an even higher rate of double-positive cells with on average 31,3%
double positive Tregs compared with 19,4% in Met- LNs (p=0,0243)
(Fig. 4B). Representative dot plots of double-positive cells on Tregs are
presented in Fig. 4C.

Expression of CTLA-4 and PD-1 on Tregs correlates with N stage but not
with T stage

Next, we analyzed the relationship between the expression of CTLA-4
and PD-1 on Tregs and TNM clinical staging. As shown in Fig. 4,
expression of CTLA-4 and PD-1 on Tregs was significantly higher in
patients with pN+ stage compared with them who had been classified as
pNO (Fig. 5A-B). However, there was no significant difference in the
frequency of CTLA-4 or PD-1 positive cells between different T-stages
(Fig. 5C-D).

Paired analysis reveals that TDLNs have a higher accumulation of Tregs
and higher expression of CTLA-4 compared with n-TDLNs in one patient

In order to investigate if levels of Tregs and expression of CTLA-4 and
PD-1 differ between patients, we calculated a mean percentage of Tregs,
CTLA-4 on Tregs and PD-1 on Tregs in all TDLNs and n-TDLNs from
every patient. Then we compared mean values with paired t-test
(Fig. 6A-C). The analysis revealed that TDLNs contained a significantly
higher percentage of Tregs and higher expression of CTLA-4 on Tregs
compared with n-TDLNs (Fig. 6A-C). A similar trend was observed with
the expression of PD-1 on Tregs. However, this analysis did not reach
statistical significance.

Discussion

The role of Tregs in anticancer immunity is predominantly studied in
TME, where they migrate to and inactivate effector T cells. This
immunosuppressive subset of CD4+ cells has recently been associated
with resistance to treatment with novel cancer immunotherapies such as
anti-CTLA-4 and anti-PD-1 [27]. While many researchers focus on
investigating immune cells in TME and peripheral circulation, tumour
draining lymph nodes (TDLN) - crucial organs in orchestrating anti-
cancer immunity deserve more attention. Here, we provide the first
evidence of the accumulation of FoxP3+ Tregs in TDLNs and metastatic
lymph nodes (LNs) in HNSCC. Furthermore, we show that Tregs in these
lymph nodes express high levels of CTLA-4 and PD-1 - targets for the ICIs
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Fig. 3. Comparison of TDLNs and n-TDLNS in regard to percentage of PD-1+ cells within CD4+ gate (A), CD4+FoxP3+ gate (B) and CD4+FoxP3+CD25M¢'CD127"°
gate (C). Comparison of Met+ LNs and Met- LNs in regard to percentage of CTLA-4+ cells within CD4+ gate (D), CD4+FoxP3+ gate (E) and
CD4-+FoxP3+CD25"8CD127'° gate (F). *<.05, **<.01, ***<.001, ****<0.0001
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treatment. We observed as well that significant numbers of Tregs in
TDLNs and metastatic LNs co-express both CTLA-4 and PD-1. Non--
tumour draining lymph nodes (n-TDLNs) in the same patients were
characterized by both lower presence of Tregs and lower expression of
immune checkpoint molecules.

In HNSCC, there are very few papers investigating immune cells in
TDLNs by flow cytometry. Previous projects that we identified used
mainly immunohistochemical methods in their investigation [28,29].
However, the Tregs population has previously been investigated in
TDLNs in other cancer types such as colorectal cancer, lung cancer,
melanoma, gastric, cervical or bladder cancer [25,30-34]]. In line with
those groups, we confirmed that metastatic LNs in HNSCC are charac-
terized by a high accumulation of FoxP3+ Tregs compared with
non-metastatic LNs. In contrast to our findings, Deng et al. reported that
the infiltration of Tregs in TDLNs in colorectal cancer was not influenced
by the distance of lymph nodes from the primary tumour. In our cohort,
TDLNs, also called Sentinel Nodes (SNs), showed significantly higher
infiltration of Tregs compared with n-TDLNs that lie further away from

the primary tumour. The significance of high infiltration of Tregs in
TDLNs and metastatic LNs depend on the contribution of these cells to
inducing an immunosuppressive environment in TDLNs, which in turn
can lead to cancer immune evasion. Tregs by various mechanisms may
suppress anti-tumour immunity. Amongst others, they induce apoptosis
and inhibit effector T cells by influencing their activation and prolifer-
ation [35]. Furthermore, TDLNs are the site where FoxP3+ Tregs
differentiate from naive CD4+ cells upon antigen presentation in LNs.
Differentiated Tregs by expressing chemokine receptors including CCR4,
CCR5, CCR10 and others are recruited and trafficked to TME by
chemotactic gradient [36,37]. Thus, a high accumulation of Tregs in
TDLNs may contribute indirectly to increased immunosuppressive fea-
tures of TME.

Tregs in TME exhibit highly activated phenotypes with high
expression of immune checkpoint molecules such as PD-1, CTLA-4 and
TIGIT [38,39]. High expression of those immune checkpoint molecules
contributes to inhibition of the interaction between effector T cells and
APC cells within TME [40]. Accumulating data suggests that
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Fig. 6. Comparison of the percentage of Tregs (A), expression of CTLA-4 (B) and PD-1(C) between TDLNs and n-TDLNs. All the cases are paired and linked with a
line. When more than one TDLN/n-TDLN was obtained per patient, a mean value was calculated and included in the presented analysis.

overexpression of immune checkpoint molecules on Tregs in TME fa-
vours their survival and support the further expression of suppressive
cytokines. While the expression of those molecules on Treg is extensively
studied within TME, there is still little known about their expression
pattern on Tregs in TDLNs. Van de Ven et al. showed higher expression
levels of PD-1 on T cells in TDLNs in lung cancer compared with
n-TDLNs [41]. Two other preclinical studies confirmed that PD-1 and
PD-L1 are expressed on T cells more abundantly in TDLNs compared
with n-TDLNs [21,22]. In our previous study [24], we showed also that T
cells in TDLNs from patients with HNSCC express significant levels of
PD-1. However, the expression of PD-1 and CTLA-4 on Tregs were not
investigated before this project. Here, we show that Tregs in TDLNs and
metastatic LNs express abundantly CTLA-4 and PD-1 and thus, these
cells most likely interact with anti-CTLA4 and anti-PD-1 antibodies
during systemic ICIs treatment. How does a systemic treatment with ICIs
influence their function and phenotype remains to be investigated.

The role of TDLNs in cancer immunity has been given increasing
attention and is recognized as having a key function in response to
immunotherapy. It is now hypothesized that the ICI efficacy relies pre-
dominantly on an influx of newly primed T cells from TDLNs into TME,
rather than reinvigorating exhausted and fully differentiated T cells
infiltrating tumours [42,43]. Based on this assumption, there are at least
several ongoing clinical trials, where ICI agents are being given locally
into TDLNs. Local treatment targeting TDLNs could be applied not only
to patients with advanced disease. Patients with early-stage cancer could
also benefit from local application of ICI agents into TDLNs by reducing
the risk of distant metastases or recurrence and by enhancing the natural
anti-tumour T cell repertoire [43]. Our project is a first step supporting
the rationale for local use of immunotherapies in TDLNs in HNSCC. We
confirmed that TDLNs in HNSCC are characterized by an immunosup-
pressive milieu with an accumulation of Tregs with abundant expression
of immune checkpoint molecules that can be reversed by ICIs.

Conclusions

In conclusion, the accumulation of Tregs with high expression of
CTLA-4 and PD-1 in TDLNs and metastatic LNs in HNSCC showed by our
study suggests that TDLNs are characterized by an immunosuppressive
milieu that can, in turn, favour cancer progression. High expression of
immune checkpoint molecules on Tregs in TDLNs of patients with early
stages of HNSCC justifies clinical trials investigating the use of immu-
notherapies in early stages of HNSCC or/and local administration of ICI
agents into TDLNs that could potentially improve anti-cancer immunity
and prevent tumour invasion and spread.
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