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Abstract

Objectives An immunotherapy was found to be effective in achieving long-term survival in some lung cancer patients. It has
emerged to searching for new immune biomarkers for select the best candidates to this therapy. It is suggested that cancer stem
cells (CSCs) are responsible for tumor initiation, maintenance and its metastatic potential. However, a role of CSCs in escape of
cancer from immunosurveillance is unknown. The aim of the study was assess the phenotype of putative CSCs and to examine
the expression of PD-L1 on CSCs in metastatic lymph nodes (LNs) in lung cancer patients.

Material and Methods Flow cytometry was used for CSCs evaluation in peripheral blood and EBUS/TBNA aspirates from
N1,N2 lymph nodes in lung cancer patients.

Results Of 30 patients the LNs metastases were confirmed in 18 patients. We noticed presence of PD-L1 on putative lung CSCs-
CD133 + EpCAM+ cells. A higher percentage of CD133 + EpCAM+PD-L1+ cells was observed in patients with metastatic in
LNs- median value = 4.38% than in patients without LNs metastases— median value = 0,015% (p < 0.05). The highest proportion
of PD-L1+ CSCs was found in adenocarcinoma patients and in those with oncogene addiction what indicate an particular biology
of this type of lung cancer.

Conclusion The presence of CSCs with expression of PD-L1 in the metastatic LNs might suggest their immunogenic potential.
EBUS/TBNA is commonly used in diagnosis and staging of lung cancer, so the analysis of the cells in metastatic LNs may fit in
“immunoscoring” before immunotherapy.
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programmed cell death protein (PD-1); both expressed on T-
cells. PD-L1 (a ligand for PD-1)- is a molecule expressed in
many solid tumors including lung cancer. As a consequence
interaction between PD-1 and its ligands attenuate immune
response [4]. It has been reported that PD-L1 is overexpressed
in around 50% of non-small cell lung cancer (NSCLC) pa-
tients and is associated with poor prognosis [4, 5].

The cancer stem cell hypothesis states that cancers arise
from genetic or epigenetic changes in tissue stem or progeni-
tor cells [6]. Such aberration results in formation of cancer
stem cells (CSCs). CSCs are the results of genetic and epige-
netic changes in normal stem cells, progenitor cells or differ-
entiated cells. It is believed that CSCs determine unrestricted
growth of tumors and their different morphology.

Metastatic CSCs are released from primary tumor mass and
responsible for developing metastases and invasion of distant
places such as different organs and lymph nodes [7]. Isolation
and characterization of CSCs represent a very attractive chal-
lenge, as they may comprise both the phenotypic and genetic
composition on primary CSCs. The enumeration of metastatic
CSCs and circulating CSCs might be relevant as a surrogate
marker for tumor growth and aggressiveness [8—11]. CSCs are
usually isolated according to presence of particular markers:
CD133, CD44, CD90, EpCAM (epithelial cell adhesion mol-
ecule). These cells were able to form spheroid mass in vitro
and initiate tumor growth in immunodeficient mice [12—15].

Endobronchial Ultrasound Trans-Bronchial Needle
Aspiration (EBUS/TBNA) is becoming increasingly recog-
nized as a useful, noninvasive method in the initial assessment
of lung cancer staging with a high sensitivity (88-95%) as
well as specificity (100%) [16, 17]. EBUS/TBNA,
paratracheal lymph node stations (levels 2R, 2 L, 4R, 4 L),
the subcarinal lymph node (level 7), the hilar (level 10),
interlobar (level 11) and lobar (level 12), lymph nodes can
be assessed.

The aim of the study was:

1) To develop the method to identify circulating CSCs in
peripheral blood in lung cancer patients.

2) To identify metastatic CSCs and examine the expression
of PD-L1 on metastatic CSCs in LNs in lung cancer pa-
tients with assessment of differences between metastatic
LNs and free of cancer LNs.

Patients

We investigated consecutive enrolled patients during lung
cancer diagnosis, before treatment and next only patients with
histologically confirmed lung cancers were included in the
study groups. The actual TNM classification of disease stage
was used [16]. The following exclusion criteria was applied:

infection, chronic autoimmune diseases, prior anti-cancer
therapy. The procedures were accepted by Ethic Committee
of Medical University of Warsaw and patients signed their
consent. Due to methodological approach of the study periph-
eral blood and LNs aspirates were collected from different
lung cancer patients.

Peripheral Blood Analysis

The group consisted of 21 patients (5 women, 16 men, mean
age 66.0+9.3 years, all smokers with mean pack years- 40.0
+ 18.0). Histological types distribution was as follow: SCLC
(small cell lung cancer)-7; SQCLC (squamous cell carcino-
ma)-2; ADC (adenocarcinoma)- 8; NOS (not otherwise spec-
ified subtype)-4 and stage distribution: IB/II/IIIA/IIIB/IVA/
IVB- 0/1/3/6/4/7 respectively. Five healthy volunteers in the
mean age 58 years old served as control group.

LNs Analysis

The group consisted of 30 patients and it was the main group
of our investigation. The characteristic of this group is sum-
marized in Table 1.

Methods

1 ml of peripheral blood was obtained and placed in tubes
containing K2EDTA and processed for flow cytometry.

LNs group 7 or 10 or 12 aspirates were obtained during
routine EBUS/TBNA procedure of lung cancer diagnosis.
After diagnostic aspiration the additional sample was taken
for flow cytometry analysis. About 1 ml of LNs aspirate was
diluted in 0.9% NacCl, collected in tubes containing K2EDTA
and processed for flow cytometry.

To identify lung CSCs flow cytometry and staining using
monoclonal antibodies targeting the cell-surface expression of
EpCAM and CD133 were used (BD, USA). Additionally anti
PD-L1 antibody was applied to assess PD-L1 presence on
putative lung CSCs in LNs apsirates (BD, USA).

Briefly, to each cytometric tube 100 pL of LNs aspirate
or peripheral blood and 4 pl of specific monoclonal anti-
bodies were added. After 15 min of incubation in the dark,
at room temperature, erythrocytes were lysed with lysing
solution for 10 min and washed with 2% newborn calf
serum in physiological buffer solutions (PBS). The cells
were subsequently fixed in 0.5% paraformaldehyde. The
samples were processed by the FACS Canto II flow
cytometer (BD, USA). Geometric mean fluorescence
(GMF) intensity of PD-L1 on CSCs was measured.

Dot plots for the representative LNs immunocytochemical
analysis are shown in the Fig. 1.

@ Springer



326 Stem Cell Rev and Rep (2019) 15:324-330

Table 1 Characteristics of

investigated group All group LNs metasteses+ LNs metasteses —
N=30 N=18 N=12
Sex (F/M) 9/21 2/16 6/6
Age (median) 65.0+£10.2 66.0+8.6 64.0+11.5
Smokers/ex-smokers/no-smokers 18/7/5 14/2/2 3/3/6
Pack years (median) 34.0+£175 37.5£9.5 22.5+12.7
Coexistence of COPD 19 13 6
Histology
Squamous cell carcinoma 9 1
Adenocarcinoma 13 11
NOS 8 4
Stage:
IB/IIA/IIB/HIA/IIB/HIC/IVA/IVB 1/1/5/4/3/4/4/8 0/0/4/2/1/3/2/6 1/1/1/2/2/1/2/2
Statistical Analysis Results

The Statistica 13.1 software (StatSoft) was used for a statisti- ~ Peripheral Blood Analysis

cal analysis. For group comparison, the Mann—Whitney test

was used. Relations between quantitative variables were ana-  Analysis of peripheral blood revealed the presence of CD133+
lyzed by Spearman correlations. A p <0.05 was considered as  cells in each sample, EpCAM+ cells in 19/21 samples and
statistically significant. CD133 + EpCAM+ cells in 18/21 (86%) samples. In our

Q
O
(@]

¢ 1,000)

P P (O

88CA

e RN

R LR

L B
2 3 .

10° 10 10 10%
COD45 V500-A

EpCAM FITC-A
EpCAM FITC-A

a

-10%0 10% 100 10
51 PD-L1 PE-A

10° 10*
CD133 APC-A

Fig. 1 Analysis of PD-L1+ lung cancer stem cells (CSCs)in lymph nodes origin of CSCs by CD45 marker- CSCsin blue, lymphocytes in green, d/
aspirates by flow cytometry, a/ CSCs among other cells- marked in red, b/ CD133 + EpCAM-+-cells gate, e/CSCs PD-L1 +
CSCs in red vs. lymphocytes in green, ¢/confirmation of non-lymphoid
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opinion only the latter population is representative for CSCs.
In healthy individuals we found only CD133+ cells in propor-
tion up to 0.02%. The median (p25-p75) proportion of cells
was as follow: CD133 + EpCAM =3,6% (0,1-18,7%)
CD133-EpCAM+=1,2% (0-5,9%), CD133 + EpCAM+ =
1,3% (0-8,2%). We observed a higher percentage of putative
CSCs (CD133 + EpCAM+) in patients with than without me-
tastases (median values (p25-75)- 1,3% (0-8,2%) versus
1,05% (0-3,4%), difference not significant). The highest pro-
portion was observed in adenocarcinoma vs. NOS vs. squa-
mous cell carcinoma (2,25% (0,1-3,8%) vs.1,65% (0,8-3,2%)
vs.1,15% (0-1,85%), difference not significant).

Lymph Nodes Aspirates

Analysis of LNs revealed the presence of EpCAM+ cells in
each sample, CD133+ cells in 28/30 samples. CD133 +
EpCAM+ cells were found in 25 patients (83%) whereas
CD133 + EpCAM+PD-L1+ were found in 23 patients
(77%). The proportion of each cell population is presented
in the Table 2. Higher percentage of CD133 + EpCAM+ cells
and CD133 + EpCAM+PD-L1+ were found in patients in
metastatic LNs than in free LNs (p <0.05), Table 2, Fig. 2.
The mean GMF of PD-L1 on CSCs differed significantly
between LNs with metastases when compared with free LNs
(Table 2).

Among patients with confirmed metastases ADC subtype
was recognized in 13/18 (73%), SQCLC in 1/18 (5%) and
NOS in 4/17 (22%) patients. The fraction of CD133 +
EpCAM+ and CD133 + EpCAM+PD-L1+ cells varied be-
tween the histopathological types of non-small cell lung can-
cer, and was increased in the LNs aspirates of patients with
adenocarcinoma (because of disproportion in number of sam-
ples statistical analysis was not performed, Fig. 3). No signif-
icant difference in cell proportion between LNs stations was
found. When group N2 was compared with group N1 we
found higher proportion of CD133 + EpCAM+PD-L1+ in
N1 group than in N2, difference not significant (4.09%
(0.03-7.15) vs. 1.75% (0.01-4.54)). We did not find

significant correlation between stage of the disease and cell
proportions. However, the percentage of CD133 + EpCAM+
PD-L1+ was higher in patients with IV stage than in lower
stages of the disease (Fig. 4).

We observed significant correlation between proportion of
CD133 + EpCAM+PD-L1+ cells and pack years smoked (=
0.4, p<0.05) and between GMF of PD-L1 and pack years
smoked (r=0.4, p<0.05, Fig. 5).

Molecular analysis was performed in 10 patients with ade-
nocarcinoma or NOS (the reason that it was done not in all
patients has a clinical context). In four patients activated mu-
tation of EGFR was confirmed, in two other patients- rear-
rangement of ALK/EML4 and in one patient KRAS mutation
was found. These groups are too small for proper statistical
analysis however, we observed significantly higher proportion
of CD133 + EpCAM+ and CD133 + EpCAM+PD-L1+ in pa-
tients with confirmed oncogene addiction.

Discussion

We confirmed the presence of putative lung CSCs in pe-
ripheral blood and in LN aspirates in lung cancer patients.
Previously, expression of the stem cell markers CD133 and
EpCAM was confirmed in tumor lung tissue and in the
blood by flow cytometry [18]. CSCs might be prognostic
factor in lung cancer, especially as a marker for tumor
growth and aggressiveness. It has been reported, in other
studies, that CSCs counts correlate with a poorer prognosis
in lung cancer and in other tumor types [19, 20]. The find-
ings of our study clearly show that the highest percentage
of putative lung cancer stem cells is observed in patients
with advanced-stage disecase. However, we detected the
presence of lung CSCs in LNs aspirates of patients with I
and II stage of disease. The percentage of CSCs was lower
than those observed in patients with IV stage of the dis-
ease. To assess their impact on disease progression and
aggressiveness monitoring as well as response to the treat-
ment the repeatable CSCs quantification could be applied.

Table 2 Proportion of cells

populations in LNs aspirates Cells [%] median LNs metastases No LNs metastases p<0.05
N=18 N=12
CDI133+ EpCAM- 5.4625 (2.274-12.987) 0.1615 (0-0.820) 0,000048
CDI133-EpCAM+ 7.990 (2.543-15.494) 0.266 (0.021-0.918) 0,000005
CDI133+ EpCAM+ 5.042 (2.467-11.619) 0.0715 (0-0.328) 0,000048
CDI133 + EpCAM+/PD-L1+ 4.3885 (1.754-9.876) 0.015 (0-0.028) 0,000039
PD-L1 GMF 1681 (1430-2831) 162.5 (25-294) 0,000039

Data expressed as median values (p25-p75). Differences in Mann Whitney test

GMF Geometric mean fluorescence
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Fig. 2 Comparison of the proportion of CD133 + EpCAM+PD-L1+
cells in metastatic LNs with free LNs. Difference significant in Mann
Whitney test

Retrospective study performed by Gwozdz et al. demon-
strated that the presence of occult micrometastases in the
mediastinal LNs was associated with reduced survival in
stage | and II NSCLC patients due to tumor recurrence
[21]. Their and our study demonstrated the usefulness of
EpCAM marker for detection of early LNs cancer invasion.

We found expression of PD-L1 on CD133 + EpCAM+
cells. EBUS TBNA may be a robust method for the evaluation
of tumor PD-L1 expression in lung cancer [22]. The best to
our knowledge our study is the first report in which PD-L1
presence on lung CSCs was examined. Schatton at al. reported
evidence that melanoma CSCs downregulate activation of T
cells [23]. Expression of PD-L1 was reported in head and neck
carcinoma CSCs [24]. In concordance with these results, our
study suggests the possibility that subsets of CSCs may be
involved in the PD-1/PD-L1 interaction. We assume that
CSCs can be largely responsible for the unfavorable modifi-
cation of the immune system, which may be explained by the
presence of PD-L1 on CSCs. This fits well with the supposed
function attributed to CSCs i.e. their ability to survive in order
to provide new, more differentiated neoplastic cells that will

CD133+EpCAM+PDL-1+
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Fig. 3 Proportion of CD133 + EpCAM+PD-L1+ in LNs of patients
with different histological types of lung cancer. SQCLC- squamous
cell carcinoma, ADC- adenocarcinoma, NOS- not otherwise speci-
fied subtype
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Fig. 4 Proportion of CD133 + EpCAM+PD-L1+ in LNs of patients with
IV stage of lung cancer vs. lower stages, difference not significant

allow the growth and expansion of the tumor in the body [25].
The highest percentage of PD-L1 CSCs was observed in pa-
tients with IV stage of lung cancer. Consistent with our study
Liu et al. reported higher PD-L1 expression in LNs in patients
with advanced TNM stage and lymphatic metastases [26].
Unfortunately lower proportion of PD-L1 CSCs was observed
in N2 than in N1 LNs. It only proves that biology of cancer is
unpredictable, what is a nature of malignancy. The benefit of
anti-PD-1/PD-L1 therapies in NSCLC was documented [5].
However, despite impressive outcomes in some patients,
many others showed no response [27]. Our finding that
CD133 + EpCAM+ CSCs specifically express PD-L1 may
indicate the new markers able to identify patients for anti-
PD-1/PD-L1 therapies.

The highest percentage of CD133 + EpCAM+ cells and
CD133 + EpCAM+PD-L1+ cells was observed in lung
ADC patients. PD-L1 expression in lung ADC tumor sam-
ples was reported by Kim et al. [28]. They demonstrated that
PD-L1 expression is associated with epithelial-to-
mesenchymal transition (EMT) phenotype in lung ADC. It
is likely that EMT, immune cell recruitment and PD-L1

Packed years

CD133+EpCAM+PDL-1+

Fig. 5 Significant correlation between proportion of CD133 + EpCAM+
PD-L1+ cells in LNs and pack years smoked (r=0.4, p <0.05)
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expression might be closely related to each other in EGFR-
mutated ADC. Our findings on correlation of PD-L1+ cells
proportion with molecular alterations may confirm this as-
sumption. The new classification of ADC shows the hetero-
geneity of this type of NSCLC [29, 30]. ADC is the most
common lung cancer subtype to show genomic changes and
somatic mutations. It might have significance in case of
CSCs. CSCs may suffer genetic and epigenetic changes,
which can result in new properties such as generation new
peptides, recruitment of immunosuppressive cells and creat-
ing poorly immunogenic stem cells population [31]. The
expression of molecules involved in EMT was shown to
correlate with advanced stage of lung cancer, PD-L1 expres-
sion, resistance to EGFR inhibitors and failure of targeted
therapy in NSCLC [28, 32]. However, in our study we didn’t
evaluate expression of EMT associated regulators in EBUS/
TBNA samples; this needs further investigations.

Our study is probably the first one in which lung meta-
static CSCs presence in LNs aspirates were analyzed.
Presence of metastatic CSCs in LNs (in mouse model) was
reported in neck cancer and in LNs resected from patients
with pancreatic carcinoma [33, 34]. Unfortunately aspirates
obtained during EBUS/TBNA procedure is insufficient for
complete evaluation of cellular infiltration, whole CSCs met-
astatic niche and complex communication network known as
“cross talk” with the CSCs at the center stage. However, it is
a noninvasive procedure potentially eligible for flow cytom-
etry. We confirmed that EBUS/TBNA is an easy and repeat-
able method. The median percentage of lung CSCs and PD-
L1+ lung CSCs in LNs aspirates relatively higher than num-
ber of circulating CSCs detected in peripheral blood [18, 19].
Such changes may result from fact that CSCs from LNs
aspirates are obtained directly from metastatic site. Similar
conclusion were made in Hashimoto et al. and Murlidhar
et al. studies in which the higher number of circulating
CSCs was found in pulmonary vein, which is first tumor
draining vein than peripheral vein [35, 36].

Conclusion

We confirmed, for the first time PD-L1 presence on metastatic
CSCs in LNs aspirates. Our results reveal CSCs as a potential
strategy to enhance cancer immunotherapy efficacy. The de-
velopment of predictive biomarkers is needed to optimize pa-
tient benefit and guide combination approaches.
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