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G o W N

Simple Summary: Cutaneous squamous cell cancer is a common form of cancer. Caught early, it
is usually curable. However, 3-5% develop into a metastatic form with a very poor prognosis. All
efforts to find biomarkers, in blood or in the tumor itself, for early identification of this group of
patients have so far failed. This study describes a novel method based on fine needle aspiration that
enables the identification of lymphocyte markers in tumor-draining lymph nodes. By focusing on
lymph nodes as a key organ for a well-functioning immune system, it might be possible to, early on,
find biomarkers related to future metastatic development.

Abstract: Cutaneous squamous cell cancer (cSCC) is the second most common form of skin cancer,
characterized by abnormal, accelerated growth of squamous cells. When caught early, most cSCCs
are curable. About 5 percent of the ¢SCC cases have advanced to such an extent, generally metastatic,
that they are far more dangerous, with very poor prognosis and challenging to treat. All efforts
to find biomarkers, in blood or in the tumor itself, for early identification of patients with a risk
for metastasis have so far failed. The present study describes a novel method that enables the
identification of lymphocyte markers in tumor-draining lymph nodes. Six patients with advanced
¢SCC were analyzed using a combination of a sentinel lymph node biopsy (SLNB) protocol, fine
needle aspiration (FNA), and flow cytometry. Immunological results from the sentinel nodes were
combined with corresponding data from peripheral blood and unfixed tumor tissues. The result
demonstrates a striking difference between the subsets of T-cells from the three compartments. Our
interpretation of this first pilot study is that the ability to follow specific immunological markers
on lymphocytes in tumor-draining lymph nodes will enable the identification of novel prognostic
biomarkers not detectable in material from blood and tumor tissues.

Keywords: cutaneous squamous cell carcinoma; head and neck cancer; tumor-draining lymph node;
prognostic factor; biomarker

1. Introduction

Cutaneous squamous cell cancer (cSCC) is a common form of cancer with a high
increase in incidence. The number of diagnosed cases in Sweden has almost doubled in
the past 10 years [1], and the incidence rates are increasing globally [2]. The prognosis for
¢SCC is relatively good. However, approximately 3-5% of cSCC patients develop regional
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(resectable) or advanced (unresectable) metastasis in the lymph nodes [3-5]. Metastatic
¢SCC is considered lethal, with a mortality rate of over 70%, and for patients with advanced
¢SCC with distant metastases, the mortality rate is close to 90% [6,7]. To predict the risk for
metastatic ¢cSCC, it is of great importance to find prognostic factors for tumor progression.
Today the known prognostic factors mainly focus on tumor size and tumor location [2,5].
However, Hillen et al. reported that most patients diagnosed with advanced ¢SCC had
a primary tumor with a low T stage (Tis, T1, and T2) which implies that there must be
other prognostic factors of importance than tumor features to determine progression [8].
Moreover, these risk factors derived from tumor features only give a snapshot of the disease
progression at the time point of the excision of the tumor, which makes it difficult to monitor
the progression of the disease over time [5,8]. It is, therefore, a priority to investigate new
prognostic factors to improve the stratification of patients into groups based on high and
low risk of progression. This could enable optimized patient care, prevent advanced cases
of ¢cSCC, save lives, and reduce costs.

A promising approach to finding prognostic factors could be to investigate the patient’s
immune system and anticancer immune response [9-12]. The key organ for these functions
is the lymph nodes (LN). The tumor-draining lymph nodes (TDLN) would be of special
interest because they are the first LN or group of nodes that drain the tumor. The tumor
is also most likely to metastasize to the TDLN if the cancer is progressing [12,13]. The
TDLNSs are essential for the anticancer immune response and are responsible for important
immunological reactions such as antigen presentation, immune cell activation, priming,
proliferation, and differentiation [12,14]. This implies that any disturbances in the TDLN
could lead to severe consequences for the immune system and its ability to fight cancer
progression. The TDLNSs are investigated for staging purposes and sometimes resected
using sentinel lymph node biopsy (SLNB), which is widely used in, e.g., melanoma [15] and
breast cancer [16]. The use of SLNB in ¢SCC is currently under investigation [2]. In the past,
the TDLN has been overlooked as a compartment worth investigating for its immunological
factors. However, today the study of the immunological components of the TDLN is an
emerging field, and the TDLN has been investigated in detail in, e.g., melanoma [17] and
colorectal cancer [18].

The immunology of TDLN in cSCC patients has been investigated using immunohisto-
chemistry (IHC) [19]. A drawback of this method is the lack of quantification and the need
for surgically removed TDLNSs. If the TDLN is removed, the compartment that would react
to future immunological changes is lost [12]. Fine needle aspiration (FNA) could be used
to follow any changes of immunological markers in the patients over time to circumvent
these drawbacks because the FNA procedure does not resect the LN. Furthermore, flow
cytometry on FNA, which is a suspension of lymph node cells and not an intact tissue,
can be performed without prior tissue digestion, which would be necessary for resecting
whole tissue. Avoiding the step with tissue digestion makes the quantification of cells
easier, faster, and more reliable [20].

In this study, we aim to investigate if a novel method using a clinically established
protocol for SLN detection combined with FNA and flow cytometry is a feasible method to
detect lymphocyte markers in TDLNs from ¢SCC patients. We then aim to discover novel
immunological prognostic tumor progression markers by comparing the lymphocyte markers
in TDLN with the lymphocyte markers in peripheral blood and tumor tissue, respectively.

2. Materials and Method
2.1. Patient Characteristics

Eligible patients enrolled in this study met the following inclusion criteria: (1) diagno-
sis of cSCC in the head or neck (HNcSCC); and (2) willingness to participate in the study.
Exclusion criteria were as follows: (1) systemic autoimmune diseases; (2) synchronous
second malignancies, hemo-lymphopoietic malignancies in the past; and (3) any other
acute or chronic condition that could influence the immunological milieu in LNs. See
Table S1: patient characteristics for other clinical patient characteristics.
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2.2. Lymphocyte Retrieval from the Sentinel Node Using Fine Needle Aspiration

Patients enrolled in the study went through a TDLN detection procedure before
surgery to retrieve cells from the TDLN. The method has been described in our previous
work [21]. To summarize, the tumor and adjacent tissue were injected with Technetium Tc
99m-labeled colloidal human serum albumin (Nanocoll®, GE-Healthcare, Chicago, IL, USA).
A SPECT/CT was performed on the morning of the surgery. A handheld gamma probe
was used to localize the sentinel nodes according to their radioactivity. When the sentinel
nodes were detected, ultrasound was used to visualize the TDLN while cells were aspirated
using FNA. The sample was transferred to 1 mL pre-chilled MACS Tissue Storage Solution
(Miltenyi Biotec # 130-100-008, Bergisch Gladbach, Germany) and centrifuged at 500x g for
5 min. The cells were prepared for flow cytometry as stated below.

2.3. Tumor Dissociation

After surgical excision, tumor samples were kept in pre-chilled MACS Tissue Storage
Solution (Miltenyi Biotec # 130-100-008) and used within 1 h for further analysis. A Tumor
Dissociation Kit (Miltenyi # 130-095-929) was used to dissociate the samples enzymatically
and mechanically. After dissociation, cells were filtered through a 100 um Cell Strainer
(Corning # 352360, Glendale, AZ, USA). The cells were prepared for flow cytometry as
stated below.

2.4. PBMC Isolation

Fresh peripheral blood was collected in heparin tubes, and the peripheral blood
mononuclear cells (PBMC) were separated with Ficoll-Hypaque (Cytiva #17144003,
Marlborough, MA, USA) and Sepmate-50 tubes (STEMCELL Technologies #85460, Vancou-
ver, BC, Canada) according to the manufacturer’s instructions. The cells were prepared for
flow cytometry as stated below.

2.5. Flow Cytometry

PBMC, TDLN, and tumor cell pellets were resuspended in PBS. The cell suspensions
were incubated with Fc-block (BD #565388, Stockholm, Sweden) and live/dead fixable
Far Red dead cell stain (BD #L.10120) for 5 min at room temperature. Samples were then
stained with an antibody panel (CD45, CD3, CD4, CD8, CD20, CD127, CD25, CD69, HLA-
DR, CTLA-4, and PD-1, see Table S2: antibody panels for flow cytometry analysis) for
20 min at room temperature followed by a wash with PBS, 500 g for 5 min. Cells were
resuspended in PBS with 1% paraformaldehyde (HistoLab #02178, Seoul, Republic of
Korea) and analyzed on a flow cytometer (BD Biosciences, LSR FORTESSA). Analysis of
the flow cytometry data was performed with Flow]Jo version 10.8.1 (LLC, Ashland, OR,
USA). See Figure S1: gating strategy of lymphocytes from PBMC, TDLN, and tumor. The
flow cytometry panel was chosen to differentiate lymphocytes (CD45%), B cells (CD207),
T cells (CD3*), and various T cell subsets such as cytotoxic T cells (CD8*) and T helper cells
(CD4*). Moreover, T regulatory cells (Tregs) can be detected using CD127 and CD25. To
further investigate these cell types and subsets, activations markers (CD69 and HLA-DR)
and checkpoint inhibitor (CPI) molecules (CTLA-4 and PD-1) were detected as well.

2.6. t-SNE and FlowSOM

FACS 3.0 FCS-files from each compartment (PBMC, TDLN, and tumor) from 3 patients
were imported into FlowJo software version 10.8.1 (LLC, Ashland, OR, USA). The FlowJo
plugin FlowAI (v.2.3.1) [22] was used to exclude anomalies. Live cells were gated, followed
by doublet exclusion. Next, CD45" cells were gated and normalized to 1093 events using the
downsample plugin (v.3.3.1). The samples were put together using the concatenation tool
in Flow]Jo. A t-SNE was performed to reduce the dimensions of the multiparameter data
(Flow]Jo v.10.8.1). The following parameters were used to create the t-SNE: iterations = 1000,
perplexity = 30, learning rate (eta) = 699, KNN algorithm exact (vantage point tree) and
gradient algorithm Barnes-Hut. Clusters of phenotypically related cells were then detected
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by the Flow]o plugin FlowSOM (v.3.0.18) [23]. FlowSOM was run with the following
parameters: number of meta clusters = 8, SOM grid size 10 x 10, plot channels all as pie
charts, node scale 100%, background meta clusters, and the following markers, CD3, CD4,
CDS8, CD20, CD127, CD25, CD69, HLA-DR, CTLA-4, and PD-1. The clusters were then
visualized using the Flow]o plugin ClusterExplorer (v.1.6.6). The same phenotype markers
were used in FlowSOM and ClusterExplorer.

2.7. Statistical Analysis

Statistical analyses were performed with GraphPad Prism version 9.4.1 (GraphPad
Software, La Jolla, CA, USA). All data are shown as mean + SD. A p-value of <0.05 was
considered statistically significant (* p < 0.05, ** p < 0.01 and *** p < 0.001). One-way ANOVA
and Dunn’s multiple comparisons test were performed, and depending on if the data was
paired or not, the Friedman test or Kruskal-Wallis test was performed. The data was not
set to be normally distributed.

2.8. Ethics Statement

All procedures performed in this study involving human participants were approved
by the Swedish Ethical Review Authority and followed the ethical standards and guidelines
of the institutional and/or national research committee and the Declaration of Helsinki.
Informed and signed consent was obtained from all individual participants included in the
study. Ethics committee approval: 2019-03518.

3. Results

In total, six patients were included in this study. Samples were taken from three
compartments, PBMC, TDLN, and tumor. The samples were analyzed with flow cytometry
using a surface marker panel. The developed method was feasible and resulted in flow
cytometry data that was analyzed with gating and cluster analysis. In contrast to the
proportions of cells, the MFI data does not show any significant differences between the
compartments. Hence, the MFI data is not included below.

3.1. TDLN Accumulate CD4" T Cells While PBMC Accumulate CD8*' T Cells

Gating analysis of the flow cytometry data reveals a significantly lower proportion
of CD4* T-cells in PBMC compared with TDLN (58.54 + 29.67% vs. 76.93 + 33.30%,
respectively) see Figure 1A. In addition, a significantly higher proportion of CD8" T-cells are
seen in PBMC compared with TDLN (31.94 & 27.20% vs. 16.45 £ 25.58%, respectively), see
Figure 1B. Some subsets could not be gated in every compartment due to a low cell number.
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Figure 1. The proportion of T cell subsets in PBMC, TDLN, and tumor. The proportion of CD4* (A)
and CD8" (B). Significant results indicated by * p < 0.05 and not significant results indicated by ns.
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3.2. Accumulation of Activated T Cells in TDLN and Tumor Compared to PBMC

Gating analysis of the flow cytometry data reveals a significant accumulation
of CD3*CD69" T-cells in TDLN and tumor compared with PBMC (26.22 + 15.80%,
2313 £ 17.61%, 1.06 %= 0.73%, respectively), see Figure 2A. Furthermore, a significant accumula-
tion of CD3*CD4*CD69* is seen in TDLN compared with PBMC (26.64 + 17.54% vs. 0.55 £ 0.56%,
respectively), see Figure 2B. A significant accumulation of CD3*CD4* Treg*CD69* is also
seen in TDLN compared with PBMC (23.90 &= 15.91% vs. 0.87 £ 0.73%, respectively) see
Figure 2C. A significant accumulation of CD3*CD8"CD69™ is shown in the tumor compared
with PBMC (32.31 &£ 25.91% vs. 1.62 & 0.44%, respectively), see Figure 2D.
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Figure 2. The proportion of T cell subsets in PBMC, TDLN, and tumor. The proportion of
CD3*CD69" (A), CD3*CD4+*CD69" (B), CD3*CD4*Treg*CD69* (C), and CD3*CD8*CD69* (D).
Significant results are indicated by * p < 0.05 and ** p < 0.01. Not significant results are indicated by ns.

3.3. Accumulation of Activated CD3* T Cells and Tregs in Tumor Compared to PBMC and TDLN

Gating analysis of the flow cytometry data reveals a significant accumulation of
CD3"HLA-DR* cells in the tumor compared with PBMC and TDLN (47.17 + 24.33%, vs.
24.57 + 19.33% and 21.78 £ 21.65%, respectively) see Figure 3A. Furthermore,
CD3*CD4*Treg"HLA-DR™ cells are significantly accumulated in the tumor compared with
TDLN (56.83 & 13.36% vs. 14.84 £ 12.10%, respectively), see Figure 3B.
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Figure 3. The proportion of T cell subsets in PBMC, TDLN, and tumor. Proportion of CD3*HLA-DR* (A)
and CD3*CD4*Treg*HLA-DR* (B). Significant results indicated by * p < 0.05 and not significant
results indicated by ns.
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3.4. Accumulation of CTLA-4* T Cell Subsets in the Tumor Compared to TDLN and PBMC

Gating analysis of the flow cytometry data reveals a significant accumulation of
CD3"CTLA-4" cells in the tumor compared with TDLN (31.15 4= 27.01% vs. 14.19 &£ 25.74%,
respectively) see Figure 4A. Furthermore, CD3*CD4*CTLA-4" cells are accumulated in the
tumor compared with PBMC (18.63 £ 6.51% vs. 2.12 4= 2.19%, respectively), see Figure 4B.
Lastly, CD3*CD4* Treg*CTLA-4" cells are significantly accumulated in the tumor compared
with PBMC (35.8 &+ 8.91% vs. 0.94 £ 1.72%, respectively), see Figure 4C.
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Figure 4. The proportion of T cell subsets in PBMC, TDLN, and tumor. Proportion of CD3*CTLA-4* (A),
CD3*CD4*CTLA-4* (B), and CD3"CD4*Treg*CTLA-4* (C). Significant results indicated by * p < 0.05
and not significant results indicated by ns.

3.5. High-Dimensional Cluster Analysis Revealed Different Cluster Compositions in the
Three Compartments

Flow cytometry data from PBMC, TDLN, and tumors from 3 patients were concate-
nated, and a cluster analysis was performed to further analyze the data. The method is
described in more detail in Section 2. The analysis resulted in t-SNE plots with FlowSOM-
derived clusters. Eight unique clusters are identified, and their distribution and localization
can be seen in Figure 5A, where the t-SNE plots are divided based on the compartments.
The division based on compartments reveals distinct differences between the three com-
partments, both in the t-SNE plots and numerically in Figure 5B. The phenotype for each
cluster is analyzed and is presented in Figure 5C. The Tregs are not differentially expressed
in the clusters and are therefore not included among the markers in Figure 5C.
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Figure 5. (A) Comparison of FlowSOM-derived cluster patterns of CD45" cells from patients with
¢SCC. Cluster analysis was performed with three patients. The t-SNE plots with color-coded clusters
were derived using FlowSOM clustering, illustrating the most prominent clusters for all the compart-
ments and the compartments PBMC, TDLN, and tumor. (B). Comparison of the distribution of each
cluster in the three compartments generated with FlowSOM. The FlowSOM was made with CD45*
cells from PBMC, TDLN, and tumors from patients with ¢SCC. (C). Table summarizing expression of
CD3, CD4, CD8, CD20, PD-1, CTLA4 CD69*, and HLA-DR in different FlowSOM derived clusters.

4. Discussion

This is the first descriptive study presenting a novel method using a combination of
an SLNB-based protocol with FNA and flow cytometry. The method worked sufficiently
to investigate lymphocyte markers from TDLN in cSCC patients. We described the lym-
phocytes in the three essential compartments for an anticancer immune response: PBMC,
TDLN, and tumor.

The MFI data did not show any significant differences between the compartments
indicating that the cells express similar amounts of activation markers (CD69 and HLA-DR)
and CPI molecules (CTLA-4 and PD-1). Furthermore, the number of CD20" cells was too
low to be analyzed. The CPI molecule PD-1 was included in the flow cytometry panel
as well but did not show any significant difference in proportion between the three com-
partments. However, the flow cytometry data revealed a significant proportion difference
between PBMC and the tumor for multiple T cell subsets. For example, the tumor had a
higher proportion of activated T cells and Tregs expressing CTLA-4. A previous study [24]
has shown a larger proportion of Tregs in the tumor compared with PBMC, which was
confirmed in this study. However, they also report a difference in the proportion of CD4*
cells which cannot be seen in our study. Perhaps a larger n could have confirmed this
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because they had n = 17 compared with our n = 6. However, because the aim of our study
was to test the feasibility of the method, we have left this question for future studies. A
comparison of the proportions of CD3", CD4*, CD8", and CD4*Treg* cells in PBMC, TDLN,
and tumor revealed that TDLN was skewed toward either PBMC or the tumor, depending
on which subset one looks at. The TDLN is significantly different from PBMC in some T
cell subsets and significantly different from the tumor in other subsets, see Figures 1-4.
The fact that TDLN at times, is more like PBMC and sometimes more comparable to the
tumor signifies its role as an intermediate key compartment. These results also emphasized
the importance of investigating the TDLN instead of an exclusive focus on PBMC and the
tumor micro-environment when conducting studies on the anticancer immune response.

To further analyze our data, we conducted a cluster analysis. The cluster analysis was
performed with three patients. This was due to one patient being analyzed on an earlier
flow cytometry compensation and thus having different marker expression levels, which
could not be normalized for. Furthermore, two patients were excluded due to their tumor
samples having less than 100 CD45" cells which were determined not to be statistically
significant. The two patients were thus excluded because the remaining samples (PBMC
and TDLN) would bias the cluster analysis if they were to be included. The cluster analysis
showed that the compartments had different proportions of the clusters, indicating their
dissimilarities and confirming the gated data. Most cells in all three compartments were
found in cluster 1, which was most abundant in TDLN compared with PBMC and tumor,
see Figure 4B. This cluster consists of CD3*, CD4", PD-1"t and HLA-DRI™ cells, see
Figure 4C. A second cluster also included CD4 T cells, cluster 6, but only made up below
10% of the total cell population, see Figure 4B. If one were to merge clusters 1 and 6,
TDLN would still have the highest proportion of CD4 cells. This has been confirmed in
our previous work on gated flow cytometry data in oral squamous cell carcinoma [25].
Cluster 2 represents the B cells, and this cluster was also most abundant in TDLN compared
with PBMC and tumor, see Figure 4B,C. CD8* T cells are represented in three clusters,
clusters 3, 7, and 8. Both clusters 3 and 7 express PD-1 and are more abundant in the tumor
compared with PBMC and TDLN, while cluster 8, which did not express PD-1, was the
least abundant in the tumor compared with PBMC and TDLN, see Figure 4B,C. This has
also been confirmed in our previous work on gated flow cytometry data in oral squamous
cell carcinoma [25]. Moreover, Cluster 5 contained a phenotype that was neither CD3* nor
CD20* and expressed CTLA-4, see Figure 4B,C. Even though the cell phenotype could not
be elucidated, this cluster, together with 3 and 7, demonstrates the immunosuppressive
environment in the tumor. Cluster 4 contained negative cells for all markers and must,
like cluster 5, have another phenotype that was not included in the flow cytometry panel,
see Figure 4B,C. These clusters contain CD45* cells and no debris because CD45" cells
were gated before the cluster analysis. Hence, these clusters could contain NK cells, which
are CD45" but not positive for CD3 or CD20. Interestingly, no Treg phenotype was seen
in the cluster analysis, even though the gating analysis revealed that each compartment
had around 10% CD4*Treg" cells. As mentioned above, perhaps a large n would have
elucidated these cells in the cluster analysis, but because the focus of the study was to
investigate the performance of the new method, this question is left for future work. Future
studies should probably also include FoxP3 in the flow cytometry panel. FoxP3 is an intra-
cellular marker detecting Tregs, which could aid in the identification of these cells. FoxP3
was not included in the present panel because our focus was primarily on the feasibility of
the method.

A limitation of this type of method is the need for trained medical personnel that
can perform FNA and sentinel node detection on the patients. However, if the hospital
can perform SLNB, this method does not need any additional infrastructure or personnel
with specific training. Further studies are needed to make this method available to pa-
tients. Firstly, the impact multiple FNA has on the lymph node and its immunology must
be investigated deeper to determine the method’s biological limitations. However, our
research group has conducted multiple fine needle aspirations in studies of intra-lymphatic
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immunotherapy for allergies [26,27]. In these studies, the lymph nodes were punctured
three times during a 5-year period without any signs of adverse immunological effects.
Secondly, to find prognostic markers, larger longitudinal studies with a larger n and a
larger flow cytometry panel would be needed.

In this study, we have demonstrated that our novel method works as intended. The
cells received from the TDLN via FNA are abundant and possible to analyze using flow
cytometry and subsequent cluster analysis. The most important advantage of using this
method is the possibility of following the immunological landscape and how it changes
over time. This gives far more power to the investigation of metastasis prognostic markers
than using resected samples that only give an immunological snapshot of a one-time point
during potential tumor progression. In the future, this method could have dual use, both as
a method to find prognostic markers and as a subsequent way of monitoring these markers.

5. Conclusions

Even though the number of patients included is limited, and the study therefore must
be considered as a pilot, the presented data clearly demonstrates the feasibility of using
flow cytometric analysis of fine needle aspirated samples to find prognostic markers in
patients with cutaneous squamous cell carcinomas. It is tempting to suggest that TDLN
as an intermediate key compartment could lay the basis of future prognostic markers for
advanced cSCC. However, further investigation of multiple fine needle aspirations will be
needed to establish the full potential of this novel method.

If the results of studies with larger sample sizes and multiple follow-ups turn out to
be successful, the new prognostic biomarkers could be used to improve the stratification of
patients into low- and high-risk groups of cancer progression. Patients with a higher risk of
progression would undergo a more rigorous and frequent follow-up scheme. Finally, this
study could further strengthen the role of flow cytometry analysis in the clinical assessment
and staging of c¢SCC patients.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cancers15133297/s1, Figure S1: Gating strategy of lymphocytes
from PBMC, TDLN and tumor. (A). Live cells were gated followed by single cells and CD45% cells.
(B). CD20™ cells and CD3™ cells were gated from CD45% cells. CD4" and CD8™ cells were gated from
the cells that were CD3™. (C). Tregs were gated from the CD4™ cells. Table S1: Patient characteristics.
Table S2: Antibody panels for flow cytometry analysis.

Author Contributions: Conceptualization: L.-O.C., S.K.G., K.P. and G.M.; methodology: SK.G., M.P,
K.P. and V.L,; validation: S.K.G.; M.P. and V.L.; formal analysis: V.L.; investigation: M.P,, SK.G.,
J.L. and P.G,; resources: L.-O.C., G.M,, ].L. and P.G; data curation: V.L.; writing—original draft
preparation: V.L.; writing—review and editing: K.P.,, M.P,, J.L., P.G., G.M,, SK.G. and L.-O.C,;
visualization: V.L., SK.G. and L.-O.C.; supervision: L.-O.C. and S.K.G.; project administration:
L-O.C,].L, PG, SK.G. and G.M,; funding acquisition: L.-O.C. All authors have read and agreed to
the published version of the manuscript.

Funding: This research was funded by KI funding grant number H9702002 and partly funded by
Sanofi Genzyme grant number H9730423.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Regional Ethics Committee of Karolinska Institutet (protocol code
2019-03518 approved 2 September 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Conflicts of Interest: Lars-Olaf Cardell received research support from Sanofi Genzyme.


https://www.mdpi.com/article/10.3390/cancers15133297/s1
https://www.mdpi.com/article/10.3390/cancers15133297/s1

Cancers 2023, 15, 3297 10 of 11

References

1.

10.

11.
12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Regionala Cancercentrum i Samverkan. Nationellt Vardprogram for Skivepitelcancer i Huden; Version 1.0. Stockholm: Regionala
Cancercentrum i Samverkan; 2021. Available online: https://kunskapsbanken.cancercentrum.se/diagnoser/skivepitelcancer-i-
huden/vardprogram/ (accessed on 23 January 2023).

Stratigos, A.J.; Garbe, C.; Dessinioti, C.; Lebbe, C.; Bataille, V.; Bastholt, L.; Dreno, B.; Fargnoli, M.C.; Forsea, A.M.; Frenard, C.; et al.
European interdisciplinary guideline on invasive squamous cell carcinoma of the skin: Part 1. epidemiology, diagnostics and
prevention. Eur. ]. Cancer 2020, 128, 60-82. [CrossRef]

Veness, M.].; Palme, C.E.; Morgan, G.J. High-risk cutaneous squamous cell carcinoma of the head and neck. Cancer 2006,
106, 2389-2396. [CrossRef] [PubMed]

Fox, M.; Brown, M.; Golda, N.; Goldberg, D.; Miller, C.; Pugliano-Mauro, M.; Schmults, C.; Shin, T.; Stasko, T.; Xu, Y.G.; et al.
Nodal staging of high-risk cutaneous squamous cell carcinoma. J. Am. Acad. Dermatol. 2019, 81, 548-557. [CrossRef] [PubMed]
Dessinioti, C.; Pitoulias, M.; Stratigos, A.J. Epidemiology of advanced cutaneous squamous cell carcinoma. J. Eur. Acad. Dermatol.
Venereol. 2022, 36, 39-50. [CrossRef]

Brunner, M.; Veness, M.].; Ch'ng, S.; Elliott, M.; Clark, ].R. Distant metastases from cutaneous squamous cell carcinoma--analysis
of AJCC stage IV. Head Neck 2013, 35, 72-75. [CrossRef] [PubMed]

Burton, K.A.; Ashack, K.A.; Khachemoune, A. Cutaneous Squamous Cell Carcinoma: A Review of High-Risk and Metastatic
Disease. Am. J. Clin. Dermatol. 2016, 17, 491-508. [CrossRef] [PubMed]

Hillen, U.; Leiter, U.; Haase, S.; Kaufmann, R.; Becker, J.; Gutzmer, R.; Terheyden, P.; Krause-Bergmann, A.; Schulze, H.-J ;
Hassel, J.; et al. Advanced cutaneous squamous cell carcinoma: A retrospective analysis of patient profiles and treatment
patterns—Results of a non-interventional study of the DeCOG. Eur. ]. Cancer 2018, 96, 34—43. [CrossRef]

Li, Y;; Lu, Z.; Che, Y,; Wang, J.; Sun, S.; Huang, ].; Mao, S,; Lei, Y.; Chen, Z.; He, J. Immune signature profiling identified predictive
and prognostic factors for esophageal squamous cell carcinoma. Oncoimmunology 2017, 6, e1356147. [CrossRef]

Bianco, A.; Perrotta, F.; Barra, G.; Malapelle, U.; Rocco, D.; De Palma, R. Prognostic Factors and Biomarkers of Responses to
Immune Checkpoint Inhibitors in Lung Cancer. Int. ]. Mol. Sci. 2019, 20, 4931. [CrossRef]

Hiam-Galvez, K.J.; Allen, B.M.; Spitzer, M.H. Systemic immunity in cancer. Nat. Rev. Cancer 2021, 21, 345-359. [CrossRef]

Du Bois, H.; Heim, T.A.; Lund, A.W. Tumor-draining lymph nodes: At the crossroads of metastasis and immunity. Sci. Immunol.
2021, 6, eabg3551. [CrossRef]

Cabanas, R M. An approach for the treatment of penile carcinoma. Cancer 1977, 39, 456-466. [CrossRef]

Rotman, J.; Koster, B.D.; Jordanova, E.S.; Heeren, A.M.; de Gruijl, T.D. Unlocking the therapeutic potential of primary tumor-
draining lymph nodes. Cancer Immunol. Immunother. 2019, 68, 1681-1688. [CrossRef]

Morrison, S.; Han, D. Re-evaluation of Sentinel Lymph Node Biopsy for Melanoma. Curr. Treat Options Oncol. 2021, 22, 22.
[CrossRef]

Krag, D.N.; Anderson, S.J.; Julian, T.B.; Brown, A.M.; Harlow, S.P.; Costantino, ].P.; Ashikaga, T.; Weaver, D.L.; Mamounas, E.P;
Jalovec, L.M.; et al. Sentinel-lymph-node resection compared with conventional axillary-lymph-node dissection in clinically
node-negative patients with breast cancer: Overall survival findings from the NSABP B-32 randomised phase 3 trial. Lancet Oncol.
2010, 11, 927-933. [CrossRef] [PubMed]

Yaddanapudi, K.; Stamp, B.F; Subrahmanyam, P.B.; Smolenkov, A.; Waigel, S.J.; Gosain, R.; Egger, M.E.; Martin, R.C.G,;
Buscaglia, R.; Maecker, H.T.; et al. Single-Cell Immune Mapping of Melanoma Sentinel Lymph Nodes Reveals an Actionable
Immunotolerant Microenvironment. Clin. Cancer Res. 2022, 28, 2069-2081. [CrossRef] [PubMed]

Du, H;; Tang, J.; Li, X.; Wang, X.; Wu, L.; Zhang, R.; Hu, P,; Yang, Y. Siglec-15 Is an Immune Suppressor and Potential Target for
Immunotherapy in the Pre-Metastatic Lymph Node of Colorectal Cancer. Front. Cell Dev. Biol. 2021, 9, 691937. [CrossRef]

Kraft, S.; Gadkaree, S.K.; Deschler, D.G.; Lin, D.T.; Hoang, M.P,; Emerick, K.S. Programmed cell death ligand-1 and cytotoxic T
cell infiltrates in metastatic cutaneous squamous cell carcinoma of the head and neck. Head Neck 2020, 42, 3226-3234. [CrossRef]
[PubMed]

Sigmon, D.F.; Fatima, S. Fine Needle Aspiration; StatPearls Publishing: Treasure Island, FL, USA; Available online: https://www.
ncbi.nlm.nih.gov/books/NBK557486/ (accessed on 2 May 2022).

Kégedal, A.; Margolin, G.; Held, C.; da Silva, PEN.; Piersiala, K.; Munck-Wikland, E.; Jacobsson, H.; Hayry, V.; Cardell, L.O. A
Novel Sentinel Lymph Node Approach in Oral Squamous Cell Carcinoma. Curr. Pharm. Des. 2020, 26, 3834-3839. [CrossRef]
Monaco, G.; Chen, H.; Poidinger, M.; Chen, J.; de Magalhaes, ].P,; Larbi, A. flowAI: Automatic and interactive anomaly discerning
tools for flow cytometry data. Bioinformatics 2016, 32, 2473-2480. [CrossRef]

Van Gassen, S.; Callebaut, B.; Van Helden, M.].; Lambrecht, B.N.; Demeester, P.; Dhaene, T.; Saeys, Y. FlowSOM: Using self-
organizing maps for visualization and interpretation of cytometry data. Cytom. Part A 2015, 87, 636—645. [CrossRef]

Lai, C.; August, S.; Albibas, A.; Behar, R.; Cho, S.Y.; Polak, M.E.; Theaker, J.; MacLeod, A.S.; French, R.R.; Glennie, M.].; et al.
0OX40+ Regulatory T Cells in Cutaneous Squamous Cell Carcinoma Suppress Effector T-Cell Responses and Associate with
Metastatic Potential. Clin. Cancer Res. 2016, 22, 4236-4248. [CrossRef] [PubMed]

Piersiala, K.; Farrajota Neves da Silva, P.; Hjalmarsson, E.; Kolev, A.; Kagedal, A.; Starkhammar, M.; Elliot, A.; Marklund, L.;
Margolin, G.; Munck-Wikland, E.; et al. CD4(+) and CD8(+) T cells in sentinel nodes exhibit distinct pattern of PD-1, CD69, and
HLA-DR expression compared to tumor tissue in oral squamous cell carcinoma. Cancer Sci. 2021, 112, 1048-1059. [CrossRef]
[PubMed]


https://kunskapsbanken.cancercentrum.se/diagnoser/skivepitelcancer-i-huden/vardprogram/
https://kunskapsbanken.cancercentrum.se/diagnoser/skivepitelcancer-i-huden/vardprogram/
https://doi.org/10.1016/j.ejca.2020.01.007
https://doi.org/10.1002/cncr.21898
https://www.ncbi.nlm.nih.gov/pubmed/16649220
https://doi.org/10.1016/j.jaad.2018.09.006
https://www.ncbi.nlm.nih.gov/pubmed/30227190
https://doi.org/10.1111/jdv.17709
https://doi.org/10.1002/hed.22913
https://www.ncbi.nlm.nih.gov/pubmed/22266877
https://doi.org/10.1007/s40257-016-0207-3
https://www.ncbi.nlm.nih.gov/pubmed/27358187
https://doi.org/10.1016/j.ejca.2018.01.075
https://doi.org/10.1080/2162402X.2017.1356147
https://doi.org/10.3390/ijms20194931
https://doi.org/10.1038/s41568-021-00347-z
https://doi.org/10.1126/sciimmunol.abg3551
https://doi.org/10.1002/1097-0142(197702)39:2&lt;456::AID-CNCR2820390214&gt;3.0.CO;2-I
https://doi.org/10.1007/s00262-019-02330-y
https://doi.org/10.1007/s11864-021-00819-2
https://doi.org/10.1016/S1470-2045(10)70207-2
https://www.ncbi.nlm.nih.gov/pubmed/20863759
https://doi.org/10.1158/1078-0432.CCR-21-0664
https://www.ncbi.nlm.nih.gov/pubmed/35046061
https://doi.org/10.3389/fcell.2021.691937
https://doi.org/10.1002/hed.26370
https://www.ncbi.nlm.nih.gov/pubmed/32738025
https://www.ncbi.nlm.nih.gov/books/NBK557486/
https://www.ncbi.nlm.nih.gov/books/NBK557486/
https://doi.org/10.2174/1381612826666200213100750
https://doi.org/10.1093/bioinformatics/btw191
https://doi.org/10.1002/cyto.a.22625
https://doi.org/10.1158/1078-0432.CCR-15-2614
https://www.ncbi.nlm.nih.gov/pubmed/27034329
https://doi.org/10.1111/cas.14816
https://www.ncbi.nlm.nih.gov/pubmed/33462898

Cancers 2023, 15, 3297 11 of 11

26. Hjalmarsson, E.; Hellkvist, L.; Karlsson, A.; Winquist, O.; Kumlien Georén, S.; Westin, U.; Olaf Cardell, L. A five-year open
follow up of a randomized, double-blind placebo-controlled trial of intralymphatic immunotherapy for birch and grass reveals
remaining beneficial effects. J. Investig. Allergol. Clin. Immunol. 2022, 33. [CrossRef] [PubMed]

27. Hellkvist, L.; Hjalmarsson, E.; Kumlien Georén, S.; Karlsson, A.; Lundkvist, K.; Winqvist, O.; Westin, U.; Cardell, L.O. Intralym-
phatic immunotherapy with 2 concomitant allergens, birch and grass: A randomized, double-blind, placebo-controlled trial.
J. Allergy Clin. Immunol. 2018, 142, 1338-1341.e9. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.18176/jiaci.0832
https://www.ncbi.nlm.nih.gov/pubmed/35671100
https://doi.org/10.1016/j.jaci.2018.05.030
https://www.ncbi.nlm.nih.gov/pubmed/29908212

	Introduction 
	Materials and Method 
	Patient Characteristics 
	Lymphocyte Retrieval from the Sentinel Node Using Fine Needle Aspiration 
	Tumor Dissociation 
	PBMC Isolation 
	Flow Cytometry 
	t-SNE and FlowSOM 
	Statistical Analysis 
	Ethics Statement 

	Results 
	TDLN Accumulate CD4+ T Cells While PBMC Accumulate CD8+ T Cells 
	Accumulation of Activated T Cells in TDLN and Tumor Compared to PBMC 
	Accumulation of Activated CD3+ T Cells and Tregs in Tumor Compared to PBMC and TDLN 
	Accumulation of CTLA-4+ T Cell Subsets in the Tumor Compared to TDLN and PBMC 
	High-Dimensional Cluster Analysis Revealed Different Cluster Compositions in the Three Compartments 

	Discussion 
	Conclusions 
	References

