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INTRODUCTION
Lung cancer is the number one cause of cancer deaths in both men and women in the U.S. and worldwide. NSCLC are the most
common type, accounting for about 80-85% of the lung cancers. Most the NSCLC has poor prognosis, as when diagnosed, the
patients are normally at the advanced stage of the cancer development. Traditionally, lung cancers are treated with surgical removal,
radiation therapy, and chemotherapy. The advances in these treatments are very slow and provide limited improvement of 5-year
survival rate.
On the other hand, however, in recent years, the advancement in targeted therapy and immunotherapy is significant. Targeted
therapy is targeting a cancer’s specific genes, proteins, or the tissue environment that contributes to the cancer growth and survival.
Examples of targeted therapies that have been developed include drugs against EGFR (such as Afatinib), and ALK (such as
Alectinib). Immunotherapy has also recently emerged as a new treatment option for lung cancer. It acts to boost the body’s natural
defenses to fight the cancer. PD-1, also known as CD279, is an immune check point marker that is expressed on the surface of the
activated T, B, and NK cells. PD-L1 is the major ligand of PD-1 that is upregulated in many cancer types, including NSCLC.
PD-1/PD-L1 pathway activation down-regulates immune response. Antibodies against PD-1, Nivolumab (Opdivo) and
pembrolizumab (Keytruda), against PD-L1, Atezolizumab (Tecentriq) have been successfully developed to block the PD-1 and PD-L1
ligation. These drugs have been approved by FDA for NSCLC treatment. Other immune check point markers, such as CTLA-4,
LAG-3 and TIM-3, have emerged as targets for NSCLC treatment.
Nearly 40% newly diagnosed lung cancer patients have already metastasized. During cancer development, tumor epithelial cells
transit into mesenchymal cells (EMT), and enter blood circulations to become circulating tumor cells (CTCs). CTCs, the precursors
of tumor dissemination and metastasis, directly associated with cancer metastasis and poor prognosis. Chromosome instability is
another factor that associated with cancer poor prognosis. It is indicated by abnormal DNA quantity (aneuploidy).
In this study, we applied advanced flow cytometry technology, studying multiple (>20) cancer markers and immune markers, and DNA
content simultaneously. In parallel, paired peripheral blood samples were also interrogated for CTCs. This study allowed us to look
at the co-expression of immune check point markers on the same cells, immune marker and cancer marker expressions on the same
patient sample with DNA content information, and the number of CTCs from the same patient.
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RESULTS
Figure 2 Low or no CTC samples showed
low immune check point and cancer marker
expressions
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Figure 3 Overall experimental workflow
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METHODS
Samples Fresh tissues were obtained from 10 NSCLC cases by Folio Biosciences (Powell, OH) with paired peripheral blood sample
following informed consent. Tissues were shipped overnight to IncellDx Inc in RPMI (Roswell Park Memorial Institute) medium on cold
packs. The blood samples were shipped to and processed by Celsee Inc.
Tissue dissociation using incellPREPTM 4-mm punches were taken from each tissue, and homogenized with incellPREP (IncellDx,
Inc.). After homogenization, cells were fixed in incellMAXTM (IncellDx, Inc.), washed and resuspended in 1x DPBS prior to staining.
Immune check point and cancer marker panel staining of single-cell suspensions Following fixation and washes, samples were
stained with the immune panel (shown in Table 1) or with the cancer marker panel in DPBS + 2 % bovine serum albumin (BSA).
Flow cytometry The cells stained with the 19-color immune marker panel were analyzed on a Cytek AuroraTM cytometer equipped
with 3 lasers (Cytek Biosciences Inc, Fremont, CA). The cells stained with the 5-color cancer marker panels were analyzed on a
3-laser CytoFlexTM cytometer (Beckman Coulter, Miami, FL).
CTC isolation and enumeration Patient peripheral blood samples were received in a Streck cfDNA BCT and kept at ambient
temperature. 4mL of the blood samples was prefixed using Celsee prefixation buffer. Each sample was then processed utilizing the
Celsee Comprehensive Single Cell Preparation chip, Genesis automated platform and enumeration protocol. Upon completion, the
chips were scanned on the Celsee Analyzer where a final report was generated.
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Figure 1 High CTC samples showed high
immune check point and cancer marker
expressions
1A Immune Markers
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Table 2 Summary of immune marker and cancer marker expressions on 10
NSCLC samples

CONCLUSIONS
Multi-parametric flow cytometry allows simultaneous profiling of multiple immune and cancer markers on cancer
samples at the single cell level. The knowledge acquired from these studies will enhance our understanding of
cancer immune system, cancer cells, and the interaction between immune system and the cancer. It will potentially
transform patient diagnosis, disease monitoring, and drug discovery. Our study demonstrated a powerful method
to study solid tumors at the individual tumor cell level that may provide important information for successful
precision cancer immunotherapy.
*PD-1: programmed death-1; *PD-L1: programmed death-ligand 1; *TIM-3: mucin domain-3-containing
molecule-3; *LAG-3: lymphocyte-activation gene-3; *CTLA-4: cytotoxic T-lymphocyte antigen-4; *EGFR:
epidermal growth factor receptor; *ALK: anaplastic lymphoma kinase

Table 1 Marker Panels tested
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