Cancer Immunology, Immunotherapy (2021) 70:453-461
https://doi.org/10.1007/500262-020-02648-y

ORIGINAL ARTICLE q

Check for
updates

PD-L17 lung cancer stem cells modify the metastatic lymph-node
immunomicroenvironment in nsclc patients

A.Raniszewska' - H. Vroman?® . D. Dumoulin? - R. Cornelissen? - J. G. J. V. Aerts? - J. Domagata-Kulawik3

Received: 25 November 2019 / Accepted: 18 June 2020 / Published online: 17 August 2020
© The Author(s) 2020

Abstract

Introduction Cancer stem cells (CSCs) are implicated in tumor initiation and development of metastasis. However, whether
CSCs also affect the immune system is not fully understood. We investigated correlations between the PD-L17 CSCs, changes
in T-cell phenotype in metastatic and non-metastatic lymph nodes (LNs) and response to treatment.

Methods LNs’ aspirates were obtained during the EBUS/TBNA procedure of 20 NSCLC patients at different stages of the
disease. CSCs and T-cell characteristics were determined by flow cytometry.

Results PD-L1* CSCs positively correlated with the percentage of Tregs, PD-1* CD4 T cells and Tim3* CD4* T cells,
whereas PD-L1* CSCs were negatively correlated with CD4" T cells and CD28* CD4* T cells. The percentage of PD-L17*
CSCs was higher in patients with progressive disease (PD) as compared to patients with stable disease (SD) or partial
response (PR). Among T cells, only PD-1* CD4" T cells and Tim3" CD4* T-cell frequencies were higher in patients with
PD as compared to patients with SD or PR.

Conclusion The frequency of PD-L1* CSCs associates with an altered T-cell frequency and phenotype indicating that CSCs
can affect the immune system. The higher percentage of PD-L17 CSCs in patients with PD may confirm their resistance to
conventional therapy, suggesting that CSCs may be an interesting target for immunotherapy.
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Introduction one of the most aggressive solid tumors and carries a gen-

erally poor prognosis. Thus, the biology of this cancer is of

The last years brought important progress in recognition of
the role of the immune system in malignancy and the pos-
sibility of its modification thanks to new therapeutic strate-
gies. The influence of the tumor microenvironment (TME)
on the immune reaction in cancer is crucial. Lung cancer is
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interest. Lung cancer TME is composed of a large number of
phenotypically and functionally different types of non-cancer
cells including inflammatory cells, immune cells, vascular
endothelial cells, fibroblast, smooth muscle cells, mesenchy-
mal cells, adipocytes, and cancer cells along with cancer stem
cells (CSCs) which represent a minor but significant popula-
tion [1]. CSCs share some features with normal stem cells. In
that, CSCs are capable of self-renewal, and they differentiate
and give rise to the tumor cell heterogeneity that characterizes
the complex architecture of solid tumors. These unique attrib-
utes underscore how CSCs can contribute to tumor genesis,
aggressiveness, metastasis, and tumor recurrence following
therapy [2]. Tumor cells have been shown to hamper and alter
the immune system within the TME with different strategies
to circumvent tumor cell recognition and killing [3]. Some
data suggest that also CSCs may initiate mechanisms to cir-
cumvent a possible attack from the immune cells: loss of can-
cer antigen expression, activation of oncolytic pathways, and
promotion of immunosuppressive milieu [4]. Unfortunately,
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this cross-talk between CSCs and other cells within the TME
as well as interactions of CSCs with the immune system is not
fully understood.

Lymph nodes (LNs) are common sites of metastasis and
nodal disease predicts mortality in lung cancers. After the
primary tumor site, metastatic LNs are the first place where
tumor cells can induce immunosuppression [5]. Cancer cells
that have metastasized to LNs must escape immune detec-
tion to avoid destruction. CD4" T helper cells and the CD8*
cytotoxic T cells are the main effector cells that target cancer
cells by controlling the humoral and cell-mediated response
through the production of cytokines, perforin, and granzymes
[6]. Priming and activation of tumor antigen-specific CD4*
and CD8* lymphocytes occur in LNs; accordingly, LNs
samples may be useful in studying cancer immunology [7,
8]. Immunosurveillance is the immune process of identify-
ing and eliminating cancer cells [3]. Cancer cells evade an
otherwise effective immune response through the expression
of inhibitory molecules downregulating cytotoxic T-cell func-
tion [3]. In recent years, immunotherapy has been developed
to strengthen cancer immunosurveillance. These monoclonal
antibodies targeting checkpoint molecules PD-1 and PD-L1
have been especially effective in lung cancer. However, tumor
PD-L1 immunohistochemistry (IHC) does not accurately
predict response to these therapies [9]. Other receptors may
serve as targets for agonist antibodies such as 0X40, CD27,
and CD28; conversely, additional antagonists against Tim3 or
LAG-3 may help to promote tumor destruction [10]. Similar to
primary TME, tumor cells in metastatic LNs shape their inter-
actions with the host immune system by controlling the infil-
tration and reactivity of immune cells [6]. At present, little is
known about the frequency of immunomodulatory molecules
on CSCs as well as T cells in metastatic LNs. The immune
cell composition in metastatic LNs may have predictive val-
ues for immune-based intervention. In our previous study, the
presence of PD-L1" CSCs in metastatic LNs in lung cancer
patients was confirmed, which may suggest their importance
in the cross-talk with PD-1* immune cells and immunosup-
pressive properties [11].

The benefit of immune checkpoint inhibitors is achieved
in about 50% of patients [12]; the predictive markers are
widely investigated. The present study aimed to analyze the
PD-L1* CSCs in the context of T-cell subtypes frequencies
and expression of immunomodulatory molecules in meta-
static and non-metastatic LNs of non-small cell lung cancer
(NSCLC) patients.
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Materials and methods
Patients and specimen collection

We investigated consecutive enrolled treatment-naive
patients during a lung cancer diagnosis. The group con-
sisted of 20 lung cancer patients. Patients form a new
group, which had not been investigated in our previous
studies. Patient characteristics are summarized in Supple-
mentary Table 1. A chest computed tomography scan with
intravenous contrast administration was performed before
endobronchial ultrasound-guided biopsy (endobronchial
ultrasound: EBUS/TBNA). The LNs’ involvement was
classified according to the TNM 8th edition [13]. Dur-
ing EBUS, all LNs that were accessible for biopsy were
punctured, beginning from the most distal TNM station.
Only patients with histologically confirmed primary lung
cancers were included in the study group. To ensure the
quality of the material obtained during EBUS/TBNA pro-
cedure, the quality of all samples was assessed by an expe-
rienced pathologist. When the quality was appropriate, the
material was divided for cytopathology staining, molecular
testing, and flow cytometry analysis. LNs were considered
metastatic when the standard cytopathology samples were
classified as positive and provided a clear diagnosis of
cancer. The sampled LNs were used only at the point “0”,
during diagnostics. No re-staging was performed for the
purpose of this study.

During the diagnostic procedure, the cancer samples of
all patients were tested for the presence of the mutations
using next-generation sequencing (NGS) technique (Ion
GeneStudio S5 Prime System). A targeted NGS custom-
made diagnostic panel AmpliSeq Library Kit 2.0-384 LV
(Thermos Fisher Scientific, USA) was applied. The list of
examined mutations is placed in Supplementary Table 2.

Three months after EBUS/TBNA procedure, a follow-
up CT scan was performed. The RECIST (Response
Evaluation Criteria In Solid Tumors) version 1.1 evalu-
ation guidelines were applied to evaluate the best overall
response. Treatment received by each patient is described
in Supplementary table 1. According to types of chemo/
RT offered to patients, all patients received a standard
chemo-radiotherapy depending on the histological type
of NSCLC.

Flow cytometry analysis

LN aspirates were obtained during routine EBUS/TBNA
procedure of lung cancer diagnosis. After diagnostic aspi-
ration, the additional sample was taken for flow cytom-
etry analysis. About 1 ml of LNs aspirate was diluted in
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0.9% NaCl, collected in tubes containing K2EDTA, and
processed for flow cytometry. Briefly, 200 pl LN aspirate
and 2 pl specific monoclonal antibodies were added to
each cytometry tube. After 15 min of incubation in the
dark, at room temperature, erythrocytes were lysed with
lysing solution for 10 min and washed with FACS flow
solution. The cells were subsequently fixed in 200 pL of
FACS Flow solution. Data were acquired using an LSR
II flow cytometer (BD Biosciences) with FACS DivaTM
software and analyzed with FlowJo version 9 (Tree Star
Inc software, Ashland, OR, USA). Depending on yield,
between 100,000 and 1,000,000 cells were used for CSCs
and T-cell phenotyping by flow cytometry.

To identify CSCs in LNs aspirates, antibodies described
in Supplementary Table 3 were applied. We defined CSCs
cells as: CD457/CD184*/EpCAM™*/CD133%/CD44%/
CD90% [14-17]. Mature tumor cells were defined as:
CD457/CD184/EpCAM™ [9, 18]. Additionally, antibody
against PD-L1 was applied. To describe the lymphocyte phe-
notype in LNs’ aspirates, antibodies described in Supple-
mentary table 4 were applied. Tregs were defined as CD4%/
CD25"¢"/CD127"".

Statistical analysis

Mann—Whitney U test was performed to compare the dif-
ferences between lymphocyte subpopulation in metastatic
vs. non-metastatic LNs and the differences between PD-L1*
CSCs in patients with and without oncogene addiction; a
p value of <0.05 was considered statistically significant.
Kruskal-Wallis test was performed to compare the differ-
ences between PD-L1* CSCs in patients with progressive
disease (PD), stable disease (SD), and partial response (PR).
A p value of <0.05 was considered statistically significant.
Correlation analyses were performed by calculating the
Pearson r coefficient. Differences were considered statisti-
cally significant when p <0.05. All analyses were performed
using Prism (Version 5, GraphPad Software, La Jolla, CA,
USA).

Results
CSCs frequencies

Analysis of LNs’ aspirates revealed the presence of cancer
cells in 18 samples (90%). The gating strategy of the can-
cer cells and CSCs is described in Supplementary Figure 1.
CSCs and PD-L1% CSCs were found in 17 samples (85%).
Samples with more than 0.01% CSCs were regarded as posi-
tive (according to [14, 17]). Cancer cells, CSCs, and PD-L17*
CSCs were much higher in frequency in metastatic than in
non-metastatic LNs. The highest percentage of PD-L17*

CSCs was observed in patients with a confirmed muta-
tion—8.70%. There were no significant differences between
the percentage of PD-L1* CSCs in patients with and without
confirmed mutations (data not shown). Patients with muta-
tions were defined when any molecular aberration was con-
firmed. The patient number was too low for separate analysis
for each mutation. Additionally, there were no significant
differences between the CSCs and PD-L1* CSCs and TNM
stage. There were no significant differences between the fre-
quency of PD-L1" CSCs and TNM stage (data not shown).
There were no significant differences between the frequency
of PD-L1* CSCs in patients with positive metastatic disease
and without metastatic disease (Supplementary Figure 1.F).

Frequencies of lymphocyte subsets
and immunomodulatory molecules on lymphocyte
subsets

Flow cytometry allowed distinguishing T-cell sub-
populations: CD4" T cells, CD8" T cells, and Tregs
(CD127"°%CD25"2"), Expression of 0X40, CD27, CD28,
Fas, PD-1, Tim3, and LAG3 on CD4" T cells and CD8"
T cells was analyzed. The gating strategy is presented in
Supplementary Figure 2. The frequency of total CD3% T
cells in metastatic and non-metastatic LNs was similar.
However, metastatic LNs contained a lower percentage
of CD4* T cells than non-metastatic (51,36% vs. 64,76%,
respectively, p=0.0140), whereas the percentage of CD8*
T cells and Tregs were increased as compared to non-meta-
static LNs (44,5% vs. 26.8%, p=0.4180; 16.57% vs. 7.78%,
p=0.3216, respectively) (Fig. 1). CD4* T cells in metastatic
LNs had a higher frequency of PD1 (p =0.0036) and Tim3
(p=0.0193), but had a lower expression of CD28 than in
non-metastatic LNs, (p =0.0099) (Fig. 2). Non-significant
differences were observed between the expression of immu-
nomodulatory molecules on CD8* T cells in metastatic vs.
non-metastatic LNs. There were no significant differences
between the T-cell phenotype and TNM stage. There were
no significant differences between the T-cell phenotype in
patients with positive metastatic disease and without meta-
static disease.

Correlation of the percentage of cancer cells,

CSCs, and pd-11* CSCs with lymphocyte subsets
and immunomodulatory molecules on lymphocyte
subsets in metastatic LNs

The percentage of cancer cells was positively corre-
lated with the percentage of CD8* T cells (r=0.6025,
p=0.0174), Tregs (r=0.5317, p=0.0436), and nega-
tively correlated with the percentage of CD4™ T cells
(r=-0.5989, p=0.0303 (Supplementary Figure 3). The
percentage of CSCs was negatively correlated with the
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Fig. 1 Differences in lympho-
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percentage of CD4* T cells (r=— 0.6320 p=0.0253)
(Supplementary Figure 3). The percentage of PD-L1%
CSCs was positively correlated with the percentage of
CD8* T cells (r=0.7583, p=0.0011) (Fig. 3b), Tregs
(r=0.7239, p=0.0023) (Fig. 3c), PD-17 CD4* T cells
(r=0.7246, p=0.0042) (Fig. 3f), and Tim3*" CD4* T
cells (r=0.7126, p=0.0058) (Fig. 3g), whereas PD-L17
CSCs negatively correlated with CD4% T cells (Fig. 3a)
and CD28* CD4* T cells (r=— 0.7539, p=0.0009 and
r=— 0,7963, p=0.0004, respectively) (Fig. 3h). PD-
L1-negative CSCs correlated only negatively with CD4*
T cells (r=— 0.6842, p=0.0191) (data not shown). To
strengthen our analysis, we correlated the proportion of
cancer cells, PD-L17 cancer cells, PD-L1~ CSCs, and
PD-L1* CSCs in all cancer cells with the proportion of
different lymphoid populations (Supplementary Figure 4).
The percentage of cancer cells positively correlated with
the percentage of Tregs (r=0.5862, p=0.0362). PD-L1*
cancer cells positively correlated with Tregs (r=0.5885,
p=0.0291). Analysis did not reveal any significant cor-
relation between PD-L17 CSCs and lymphocyte subsets.
Considering PD-L1* CSCs, we found that the PD-L1%
CSCs positively correlated with the percentage of CD8%
T cells (r=0.6225, p=0.0298), Tregs (r=0.6257,
p=0.0280), PD-1* CD4* T cells (r=0.6474, p=0.0233),
and Tim3* CD4* T cells (r=0.6161, p=0.0198). PD-L1*
CSCs negatively correlated with CD4" T cells and CD28%
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metastases

CD4* T cells (r=— 0.7243, p=0.0095, and r=— 0.6204,
p=0.0236 respectively).

Percentage of PD-L1* CSCs and CD4 T-cell
phenotype in LNS and response to treatment

Next, we investigated whether the cancer cells, CSCs, or
T-cell phenotype was associated with clinical response
in NSCLC patients. Of all 20 patients, seven patients
(35%) had progressive disease, four patients (20%) were
described as stable disease (SD), and seven patients (35%)
as partial response (PR). In two patients, the follow-up
was missing, so they were qualified as not evaluable. The
statistical analysis revealed significant differences in the
percentage of PD-L1* CSCs between patients with PD vs.
SD vs. PR (p=0.0014) (Fig. 4a). There were no signifi-
cant differences in the percentage of cancer cells, PD-L17"
cancer cells, or PD-L1~ CSCs between PD, SD, and PR
patients. Among T cells, only a percentage of CD4" T
cells was associated with prognosis. PD-1* CD4" T cells
and Tim3* CD4* T cells were higher in patients with PD
as compared to patients with SD or PR (Fig. 4.b—d). There
were no differences in Tregs and CD8* T-cell frequency
and CD8* T-cell phenotype between patients with PD, SD,
or PR.
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Fig.2 Frequencies of immunomodulatory molecules on lymphocyte
subsets. Red dots are representative for patients with confirmed muta-
tions. Figure. 4d-I shows representative LNs of the metastatic and
non-metastatic patients. a The frequency of PD-L1*CD4* T cells was
significantly higher in metastatic LNs than in non-metastatic LN.
*p=0.0036; 95% CI for difference: (37,41%, 57,49%) vs. (10,55%,
23,33%) b The frequency of Tim3*CD4" T cells was significantly
higher in metastatic LNs than in non-metastatic LNs. *p=0.0193;
95% CI for difference: (8,44%, 18,18%) vs. (1,34%, 6,21%) ¢ The fre-
quency of CD287CD4* T cells was significantly lower in metastatic

Discussion

The interaction between CSCs and the immune system is
not well understood and is currently of much interest. Previ-
ously, the expression of PD-L1 on putative CSCs (EpCAM*/
CD133*) was confirmed in LN aspirates in NSCLC patients
by flow cytometry [11]. These properties of PD-L1* CSCs
suggest their immunogenic potential and encouraged us to

LNs than in non-metastatic LNs. *p=0.0099; 95% CI for difference:
(12.99%, 39.15%) vs. (37.27%, 92.09%) d Expression of PD1 on
CD4" T cells in metastatic LN (blue) and non-metastatic LN (red).
e Expression of Tim3 on CD4" T cells in metastatic LN (blue) and
non-metastatic LN (red). f Expression of CD28 on CD4* T cells in
metastatic LN (blue) and non-metastatic LN (red). g Expression of
PD1 on CD8™" T cells in metastatic LN (blue) and non-metastatic LN
(red). h Expression of Tim3 on CD8* T cells in metastatic LN (blue)
and non-metastatic LN (red). i Expression of PD1 on CD8* T cells in
metastatic LN (blue) and non-metastatic LN (red)

investigate whether there is an association with these par-
ticular cells and the phenotype of lymphocyte. In the present
study, we confirmed the utility of routine EBUS/TBNA pro-
cedure to evaluate immune cell composition. Using multiple
markers, we confirmed the identification of CSCs and we
demonstrated that PD-L1* CSCs strongly associate with
an altered T-cell phenotype and especially the frequency of
regulatory molecules expressing T cells in metastatic LNs

@ Springer
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Fig.3 The correlations between PD-L1" CSCs and T-cell sub-
sets. Red dots are representative for patients with confirmed muta-
tions. a PD-L1* CSCs are negatively correlated with CD4* T cells
(r=- 0.7539, p=0.0009). b PD-L1* CSCs are positively correlated
with CD8" T cells (r=0.7583, p=0.0011). ¢ PD-L1* CSCs are posi-
tively correlated with Tregs (r=0.7239, p=0.0023). d PD-L1* CSCs

of NSCLC patients. It might indicate that similarly to pri-
mary tumors, CSCs shape their interactions with the host
immune system by controlling the reactivity of immune
cells. Results of the current study confirmed the utility of
EpCAM, CD184, CD44, CD133, and CD90 as markers of
lung CSCs. So far, many markers, signatures, and methods
have been used to evaluate the phenotype of lung CSCs [4,
19]. To the best of our knowledge, our study is the first one,
to evaluate different putative CSCs markers simultaneously
using flow cytometry.

First, we found that the percentage of cancer cells cor-
relates with the percentage of CD8* T cells, CD4* T cells,
and Tregs. It has been proven that metastatic LNs often
fail to produce effective antitumor immunity and instead
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are positively correlated with Tregs/CD4 ratio. ¢ PD-L1* CSCs are
negatively correlated with CD8/Tregs ratio. f PD-L1* CSCs are posi-
tively correlated with PD-17 CD4" T cells (r=0.7246, p=0.0042).
g PD-L1* CSCs are positively correlated with Tim-3* CD4" T cells
(r=0.7126, p=0.0058). h PD-L1* CSCs are negatively correlated
with CD28* CD4* T cells (r=— 0.7539, p=0.0009)

tolerize the patient to tumor antigens [20]. Cancer cells
establish local and systemic immunosuppression via a vari-
ety of mechanisms. There have been immense advances in
the understanding of the dynamic process of immunoedit-
ing in the TME and its prognostic significance. The most
studied mechanism in NSCLC is the expression of PD-L1
that drives CD8* T-cell exhaustion. However, less is known
about changes at the level of the LNs. Research by other
authors showed the feasibility of EBUS/TBNA samples of
LNs for flow cytometric analysis of mature tumor cells and
lymphocytes [8]. Similar to our findings, they reported a
decrease in CD4" T cells and an increase in CD8" T cells in
metastatic LNs compared to non-metastatic LNs. Therefore,
it seems that the presence of a high number of tumor cells in
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the LN may diminish CD4" T cells. However, little is known
about the interaction between CSCs and Tregs specifically.
In our study, the percentage of PD-L1* CSCs correlates with
the percentage of CD8" T cells, CD4* T cells, and Tregs,
but not to the total frequency of T cells. Altogether, it seems
that the frequency of CD8™ T cells, CD4* T cells, and Tregs
may be affected by the presence of cancer cells. However,
the correlations between PD-L1* cancer cells and T cells are
stronger than cancer cells and T cells what may suggest the
immunosuppressive potential of PD-L1* CSCs.

In our group, 8/15 (53%) patients with confirmed LNs
metastasis were classified as adenocarcinoma (ADC) and
2/15 (13%) were classified as adenosquamous. The highest
percentage of PD-L17 CSCs were observed in ADC patients.
Unfortunately, this cohort of patients is insufficiently pow-
ered to detect whether significant changes in PD-L17 CSCs’
frequencies could be observed between these histological
subtypes. It has been shown that higher percentages of CD8*
T cells in metastatic LNs and lower CD8/Treg ratio are asso-
ciated with ADC subtype [7, 21], what is in concordance
with our results. Altogether, it seems that ADC may have a
unique immune signature.

We found significant differences between immunomodu-
latory molecules: Tim3, PD-1, and CD28 on CD4 T cells
between metastatic and non-metastatic LNs. Tim3* CD4% T
cells and PD-1* CD4* T cells were correlated with increased
frequencies of PD-L1* CSCs, whereas CD28% CD4 T cells

S Y &
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were correlated with decreased frequencies of PD-L17
CSCs. Interestingly, in our study, the highest CD28 percent-
age was observed in patients without confirmed metastases,
but with low CSCs frequency (0,01-0,25%), which could
be an indication of micrometastases. We suppose that high
CD28 expression may be due to CD4* T-cell activation
related to micrometastases in LNs in lung cancer patients
and may control the metastatic cells in these compartments.
A low frequency of stemness markers was described in LNs
in gastric cancer patients and was an independent predictive
factor for LNs metastasis [22].

Correlation between PD-L1" CSCs and PD1* CD4*
T cells as well as Tim3* CD4" T cells suggest that CSCs
interact with T cells, in an especially inhibitory setting and
promote CD4" T-cell anergy. Interestingly, these dependen-
cies were not observed in the context of the cancer cells.
It may suggest that the PD-L1* CSCs may be specifically
responsible for CD4* T cells anergy. T-cell exhaustion has
been intensively discussed regarding CD8* T cells, whereas
the role of exhausted CD4* T cells in the TME has not been
fully evaluated. With chronic tumor antigen exposure, T
cells in LNs can become progressively exhausted. Newly
suppressed T cells express low amounts of PD-1 and are
recoverable on treatment with anti-PD-L1/PD-1 therapies,
whereas hyperexhausted T cells expressing high levels of
PD-1 as well as other activation markers such as LAG-3
or Tim3 may be unrecoverable [20]. A similar analysis of
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the lymphocyte phenotype in EBUS/TBNA samples was
performed by Van de Ven et al. [23]. Consistent with our
study, they reported a higher frequency of Tregs and PD1*
CD4* T cells in metastatic LNs. Tim3* CD4" T cells co-
expressing PD-1 and exhibiting defects in proliferation and
effector cytokine production were found in primary NSCLC
TME [24]. These authors demonstrate that Tim3 expression
on CD4 T cells but not on CD8" T cells correlated with the
presence of nodal metastases and advanced lung cancer stage
[24]. In all, it seems that during NSCLC development not
only the immunological composition of primary TME but
also metastatic sites, such as metastatic LNs, are affected.
Altogether, it seems that not only PD-1 but also other immu-
nomodulatory molecules, such as Tim3, may serve as recep-
tor targets, which requires more extensive research. A better
understanding of the specialized functions of these receptors
will inform the rational application of therapies that target
these receptors.

Interestingly, another correlation study in NSCLC
demonstrated a strong association between EMT (epithe-
lial-mesenchymal transition) and an inflammatory TME
with the expression of immune checkpoint molecules (PD-1,
Tim3, LAG-3, PD-L1) [25]. Collectively, these findings sug-
gest that EMT profoundly alters the susceptibility of cancer
cells to immune surveillance. Among the CSCs’ regulation
pathways, EMT is of particular interest as it enriches CSCs,
is a key step toward metastasis, and has been proposed as a
major mechanism of CSCs resistance including immunosur-
veillance [26]. The EMT process is described as independent
of the mutational burden [25]. In our study, we have found
that the highest percentage of PD-L1" CSCs was observed
in patients with oncogene addiction, but the percentage of
PD-L1* CSCs do not significantly differ between patients
with and without confirmed mutations. Unfortunately, in
our study, we do not investigate the expression of EMT
associated regulators in EBUS/TBNA samples. An insuf-
ficient number of pre-clinical and clinical studies on CSCs
in NSCLC patients make it impossible to evaluate whether
the presence of CSCs is a result of EMT or high mutation
burden, but it can create the direction of further studies.

Finally, we found that the percentage of PD-L1* CSCs
and CD4* T-cell phenotype differs between patients with
different responses to treatment. Although these results may
be influenced by the small number of patients in each group,
it may indicate that both PD-L1* CSCs and CD4" T cells
could be indicative of rapid progression and poor prognosis
in NSCLC patients. CSCs are largely resistant to treatments,
which allows them to elude standard chemo- and radiothera-
pies. In our study, 9/15 metastatic patients with PD and SD
were treated with chemo or combined chemo-radiotherapy.
Of that nine patients, seven do not respond to this form of
treatment. It may confirm the CSCs’ resistance to conven-
tional treatments. Interestingly, we observed a patient with
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PR with metastatic disease treated with immunotherapy and
TKI. Furthermore, it is possible that the treatment of the
patients harboring PD-L17 CSCs and PD-1* CD4 T cells
with anti-PD-1 or anti-PD-L1 therapies could improve their
outcome. A similar finding was made by Chou et al. who
reported that high levels of PD-L1 and CSCs correlate with
the worst survival in pancreatic cancer patients [27]. Both in
our and pancreatic cancer study, only the PD-L1* population
of CSCs was linked with more aggressive disease resistant
to conventional treatment.

The major weakness of our study is the low sample size.
We are aware that these findings should be confirmed or
further investigated in larger patient groups. Nevertheless,
our results confirm the utility of flow cytometric analysis
of EBUS/TBNA samples to assess the interaction between
CSCs and the immune system and their immunogenic poten-
tial in individual patients. Considering that PD-L1* CSCs
may contribute to NSCLC aggressiveness and resistance to
conventional therapies, they may serve as a potential factor
for prognostic evaluation of NSCLC and help in designing
promising immune-based therapeutic strategies.
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