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Background: The purpose of this study was to identify circulating tumor cells (CTCs) through single cell
sorting using DEPArray technology in cerebrospinal fluid (CSF) samples from an advanced gastric cancer
(AGC) patient with leptomeningeal seeding. We also demonstrated intra-patient heterogeneity of CTCs
isolated from CSF samples at the single cell level.

Methods: We used the DEPArray system to identify and align single enabled CSF and CTCs based on a
multi-parallel fluorescence analysis. The CSF samples were stained with an antibody cocktail recognizing
DAPI, cytokeratin, EpCAM, and HER2. The stained cells were sorted and identified into a single, variable
cell based on a multiparametric fluorescence analysis. The CSF and CTC subpopulations were quantified for
absolute cell counts and relative frequency. Based on the stained morphology of each single CSF and CTC,
five groups were identified.

Results: We stratified the CTCs to evaluate the character of the CTCs isolated from the CSF, according to
CK, EpCAM and HER2. In total, 78.2% of the CTCs isolated from the CSF showed HER2 overexpression,
which was consistent with the status of HER2 in the patient’s primary gastric tumor. The most common
types were HER?2 positive, CK positive, and EpCAM positive CTCs (56.6%). On the other hand, 21.8%
of the CTCs isolated from the CSF did not show HER2 overexpression, which was inconsistent with the
primary tumor. Her2 negative, CK negative, and EpCAM positive CT'Cs were the predominant types among
the CTCs without HER?2 overexpression (19.7%).

Conclusions: We enriched the CTCs through a single cell sorting process with DEPArray technology
in CSF samples of an AGC patient with leptomeningeal seeding. We also demonstrated intra-patient
heterogeneity of the CTCs at the single cell level.
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Introduction

Cancer is an evolutionary process in which differences in
micro-environmental selection stressors and iatrogenic
intervention create dynamic cellular changes that, over
time, continually generate variant subpopulations that
systemically spread (1). According to the clonal theory of
tumor evolution, cancer is an evolving process (2), and
certain stressors exerted by multiple lines of treatment may
lead to many more aggressive subclone populations or even
those with an acquired drug resistance (1). Liquid biopsy
using circulating tumor cells (CTCs) is one of the most
sensitive approaches to monitor tumor molecular evolution
(3,4). Molecular characterization of CTCs is important to
evaluate intra-patient tumor heterogeneity and to determine
the tumor evolution. CTCs are rare and very heterogeneous
populations of tumorigenic cancer cells in the blood of
patients with cancer, which complicates their isolation and
characterization. DEPArray (Silicon Biosystems, Italy) is a
dielectrophoresis-based method used in the isolation and
molecular characterization of single tumor cells, including
CTCs (5-8). This device analyzes and sorts single and rare
cells using cell entrapment inside dielectrophoretic cages
and image-based selection processes. Each selected cell
can be moved by software-controlled electrical fields and
eventually isolated downstream for molecular analysis (7).

Advanced gastric cancer (AGC) metastasizes to the
central nervous system (CNYS) in less than 5% of patients
(9,10). However, it has a devastating prognosis and lacks
an efficient and standard treatment approach. In AGC
patients with CNS metastasis, the role of human epidermal
growth factor receptor 2 (HER?2) is unknown. HER? is an
important biomarker and key driver of tumorigenesis in
AGC, with studies reporting amplification or overexpression
in 10-22% of tumors (11,12). The ToGA trial demonstrated
a significant survival benefit of trastuzumab in patients
with HER2-overexpressing AGC (13). But, that study did
not include patients with brain metastasis. The differences
between HER2 positivity in primary and metastatic cancer
can be partially explained by intratumor heterogeneity.
Only a few studies have reported HER2 status for both
primary gastric cancer and CNS metastasis, because it is
difficult to obtain cancer tissue of CNS metastasis.

In this study, we identified CTCs through a single
cell sorting process with DEPArray technology from
cerebrospinal fluid (CSF) samples in a patient with
leptomeningeal seeding from AGC. We also demonstrated
intra-patient heterogeneity of CTCs isolated from CSF at
the single cell level.
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Methods
A patient

This investigation was conducted in accordance with
the ethical standards of the Declaration of Helsinki and
national and international guidelines and was approved by
the Institutional Review Board at Samsung Medical Center.
Between October 2013 and January 2016, patients with
gastrointestinal cancer, rare cancer, and lung cancer were
prospectively enrolled in the SMC Oncology Biomarker
study. The sample-acquisition protocol was performed for
eligible patients. Tumor samples and liquid samples from
patients who provided written informed consent were
prepared for the clinical and molecular studies.

Sample collection from CSF

Serial samples from CSF were collected at day 0, 1, 3, 6, and
10 from a HER2-positive AGC patient with leptomeningeal
seeding. These serial CSF samplings were conducted to
help avoid increased intracranial pressure. CSF samplings
were conducted through the Ommaya. Total volume of
samples was 280 mL. After cytological confirmation by a
pathologist, the samples were centrifuged for 5 minutes at
400 xg at room temperature and then were analyzed for
CTC detection using the DEPArray system.

CTC detection using the DEPArray from CSF samples

The samples were washed with running buffer (Miltenyi
Biotec) and added to Inside Perm solution (Miltenyi Biotec).
After 10 minutes, the cells were stained with cytokeratin
(CK) [PE conjugated pan cytokeratin antibody (C-11);
Abcam], EpCAM (APC conjugated CD326 EpCAM human
antibody; Miltenyi Biotec), and HER?2 [rabbit polyclonal
Neu(C-18) antibody; Santa Cruz] and labeled with using
Alexa Fluor 488 dye (Invitrogen).

After fixation with 2 % paraformaldehyde, cell sorting
experiments were performed by DEPArray (Silicon
Biosystems) as described in the manufacturer’s instructions.
In short, DEPArray cartridges (A300K) were manually
loaded with 14 pL of sample (30,000 cells) and 830 pL of
SB buffer. After loading the cartridge into the DEPArray
system, the sample was injected into a microchamber, where
the cells were exposed to an electric field consisting of
16,000 electrical cages in which the individual cells could
be trapped. Image frames for each of the four fluorescent
filters (FITC, PE, APC, and DAPI) and bright-field
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Figure 1 Brain magnetic resonance imaging of a patient with leptomeningeal seeding from gastric cancer. Axial contrast-enhanced FLAIR

MR image shows along the (A) cerebellar folia, (B) right sylvian fissure, and (C) both internal auditory canal.

images were captured. Cell detection was based on a DAPI
fluorescence threshold. For each cell, a unique ID was
assigned. Captured images were processed and presented by
the CellBrowser software that enabled the selection of cells
of interest by the operator. Nucleated CK/EpCAM/HER?2
stained cells were chosen independently based on single or
double positive expression and were moved to a parking
area in the cartridge. Individual cells were then moved
to a recovery area where a last visual confirmation of cell
presence was performed. It takes about 4 hours to isolate
the single tumor cells (CK/EpCAM positive) via DEPArray
loading, and more details are in the Figure S1.

Results
Patient

A 43-year-old woman inidally presented in 2013 with stage IV
GC with peritoneal seeding and distant lymph node metastasis.
Endoscopic biopsy was conducted on a primary gastric cancer
lesion, and the biopsied tumor sample showed HER2 3+ by
immunohistochemistry IHC). As first-line therapy, the patient
received chemotherapy including HER2-targeted agent
(trastuzumab in combination with capecitabine and cisplatin),
and the progression-free survival (PFS) for first-line therapy
was 11 months. Subsequently, irinotecan as second-line
therapy and docetaxel as third-line therapy were administered.
In November 2016, the patient suffered from headache and
vomiting, and her brain was examined by magnetic resonance
imaging (MRI). The MRI revealed leptomeningeal seeding
(Figure 1), and the patient received an Ommaya reservoir
for diagnosis and treatment. Cytology of CSF confirmed
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metastatic adenocarcinoma. Five serial CSF samplings were
conducted through the Ommaya reservoir, which help to
prevent increased intracranial pressure.

Identification of CTC in CSF

A schematic workflow for isolation of CSF CTC is shown
in Figure S1. Samples of CSF were stained for 4 markers
(DAPI, CK, EpCAM, and HER?2). These stained cells
were sorted and identified based on a multiparametric
fluorescence analysis through the DEPArray system
(Cellbrowser-software). Total cells (/mL) were counted in
five serial CSF samples collected at days 0, 1, 3, 6, and 9
(Figure 24). Among the total cells, CTCs were resorted and
identified based on staining of at least one marker among
CK, EpCAM, and HER?2. Figure 2B reveals individual
CTCs stained with CK, EpCAM, and HER2 isolated
through the DEPArray system.

Heterogeneity of CTCs isolated from CSF

To evaluate the character of the CTCs isolated from CSEF,
we stratified the CTCs according to CK, EpCAM, and
HER2 expression (Figure 34,B). In total, 78.2% of the
CTCs isolated in the CSF showed HER2 overexpression,
consistent with the status of HER? in the patient’s primary
tumor. HER2? positive, CK positive, and EpCAM positive
CTC were the most common type of CTCs (56.6%).
Meanwhile, 21.8% of the CTCs isolated in the CSF showed
no HER? overexpression. Among the CTCs without HER?2
overexpression, HER2 negative, CK negative, and EpCAM
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Figure 2 Detection of cerebrospinal fluid (CSF) circulating tumor cells (CTCs) in a gastric cancer patient. (A) Individual numbers of total
cells and tumor cells in CSF detected using the DEPArray from the patient during follow-up. (B) Gallery of individual isolated CSF CTCs

from a patient with leptomeningeal seeding from gastric cancer.

A

HER2 |Cytokeratin| EpCam Cell # | % /total cell
Positive Positive 135 56.7
Positive Negative 2 0.8

Positive
Negative Positive 49 20.6
Negative | Negative 0 0.0
Positive Positive 5 21

Negative| Positive Negative 0 0.0
Negative Positive 47 19.7

Figure 3 Characterization of HER2 positive CSF CTCs in a gastric cancer patient. (A) Quantification of subpopulations that expressed
distinguished markers. I.: CK+/EpCAM+/HER2+, II: CK+/EpCAM-/HER2+, III: CK-/EpCAM+/HER2+, IV: CK+/EpCAM+/HER2-,
V: CK-/EpCAM+/HER2-. (B) Collection of validated single cell images (cytokeratin +/-, EpCAM +/-, and HER 2 +/-) of 5 groups in the
CSF after absolute cell counting. CSF, cerebrospinal fluid; CTC, circulating tumor cell.
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positive CTCs were the predominant types (19.7%).

Discussion

CTGCs are rare and highly heterogeneous types of tumorigenic
cancer cells in the blood of patients with metastatic cancer and
might be an important consideration for precision medicine
and personalized treatments (14,15). In this study, we enriched
CTCs through a single cell sorting process with DEPArray
technology in CSF samples of a patient with leptomeningeal
seeding from AGC. We also demonstrated the intra-patient
heterogeneity of CTCs isolated from CSF. Moreover,
although 78.2% of CTCs isolated in CSF showed HER?2
overexpression, which was consistent with the status of HER2
in the patient’s primary tumor, 21.8% of the isolated CTCs
revealed a HER? status inconsistent with the primary tumor.

The DEPArray technology is an ideal system to collect
pure CTCs for further molecular characterization (16-18).
Many studies have focused on metastatic breast cancer and
single cell levels in CTCs using the DEPArray. Pestrin
et al. reported heterogeneity of the PIK3CA mutational
status within single CTCs in metastatic breast cancer
patients (19). Bulfoni ez al. used the DEPArray to identify
and sort single and variable epithelial cells, such as CTCs
and CTGCs in the epithelial to mesenchymal transition (20).
Gastric cancer is a very heterogeneous disease. The intra-
tumor heterogeneity of GC is the major obstacle that
hinders a positive outcome of anti-cancer treatment. Thus,
the DEPArray might be useful to resolve the problem of
heterogeneity in AGC. To the best of our knowledge, this
study was the first to analyze the heterogeneity in single
CTGCs isolated from a patient with AGC.

HER2, a proto-oncogene, is an important prognostic
biomarker and the key driver of tumorigenesis in GC.
HER2 gene amplification and/or protein overexpression
are found in 7-34% primary tumors (21-23). HER?2 status
assessment is essential in metastatic GC patients to select
the specific subgroups that can benefit from a HER2
directed agent. Generally, HER2? is only evaluated in the
primary lesion. Several studies have reported discordance
of HER?2 status in primary lesions and their corresponding
metastatic lesions (24-27). However, the relationship
between the primary lesion and the metastatic lesion has
not been fully clarified. We evaluated the HER2 status of
a metastatic lesion, at the single CTC level, compared to
that of the primary lesion. Most CTCs (78.2%) isolated
from a metastatic lesion had concordance of HER?2 status
in the primary tumor. However, 21.8% of CTCs showed
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discordance of HER2 status in the primary tumor. This
heterogeneity of HER? status at the single CT'C level might
explain the limited efficacy of HER2 directed therapy.

Our findings are limited because they are based on a
single case. Thus, a study with a large patient population
for heterogeneity using the DEPArray in AGC is necessary.
Nevertheless, this study revealed that the DEPArray analysis
may be useful method to identify CTCs through single cell
sorting and to evaluate the intra-patient heterogeneity of
CTGCs at the single cell level. Furthermore, the application
of the DEPArray in tumor samples or liquid biopsy samples
may be useful to evaluate the heterogeneity of a tumor.
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Figure S1 Schematic showing the workflow developed for the isolation of circulating tumor cells (CTCs) from cerebrospinal fluid (CSF).

*RT, room temperature.



