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Flow Cytometric Quantification of
Intraperitoneal Free Tumor Cells in Patients
with Peritoneal Metastasis
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Background: Peritoneal metastasis (PM) is the most life-threatening type of metastasis in abdominal malig-
nancy. To improve the diagnostic accuracy of cytologic detection (CY) of free tumor cells (FTC) in the peritoneal
cavity, we tried to quantify the FTC to leukocyte ratio using flow cytometry in patients with peritoneal metastasis.

Methods: Cells were recovered from ascites or peritoneal lavages from 106 patients who underwent
abdominal surgery and additional 89 samples which were obtained from peritoneal catheter or access
port in patients with PM (4) gastric cancer. The cells were immunostained with monoclonal antibodies
to CD45 and to CD326 (EpCAM). Using flow cytometry, CD326 (+) and GD45 (+) cells were classified
as either tumor cells (T) or feukocytes (L) and the T/L ratic (TLR) was calculated.

Results: in 106 samples obtained hy laparotomy, Median (M) of the TLR of PM (+) patients was
1.39% (0-807.87%) which was significantly higher than PM (—) patients (M=0%, 0-2.14%,
P<0.001). in PM (+) patients, 86 CY (+) samples showed higher TLR than 61 CY (—) samples
(M=2.81%, 0.02-1868.44% vs. M=0%, 0-3.45%, p<0.0001). In all of the 24 patients who were
monitered for TLR hefore and after intraperitoneal (IP) chemotherapy, the TLR was reduced which was
more dramatic than the results of the change in cytology.

Conclusions: TLR measured with FACS is an excellent reflection of the tumor spread in the peritoneal
cavity and could be a reliable diagnostic biomarker to determine the severity of PM as well as effective-
ness of IP chemotherapy. © 2013 International Clinical Cytometry Society

Key words: peritoneal metastasis; intraperitoneal free tumor cell; peritoneal cytology; flowcytometry;
CD326
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Peritoneal metastasis is one of the most frequent
types of recurrent abdominal malignancy, especially as a
result of gastric and ovarian cancer. It is most likely that

peritoneal recurrence is caused by intraperitoneal free
tumor cells (PFC), which have been exfoliated from the
serosal surface of primary tumors (1,2). In fact, the
detection of free tumor cells (FTC) by peritoneal cytol-
ogy (CY) at the time of surgery has been reported to be
one of the most reliable prognostic factors for peritoneal
recurrence in gastric (3-6), colorectal (4,7), pancreatic
(8), and gynecologic (9) malignancies. However, cytolog-
ical diagnosis of peritoneal fluids is qualitative and
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largely dependent on institutions, as well as patholo-
gists, which may result in confusion in the clinical evalu-
ation of outcome of CY (+) patients (10,11).

More recently, molecular detection of tumor cell-
specific mRNA, such as carcinoembryonic antigen (CEA)
or cytokeratin (CK) 19 or 20 has been introduced, using
real-time PCR, which improves sensitivity in detecting
free intraperitoneal cancer cells (12-15). However,
amplified mRNA can be derived from dead cells and
CEA and CK can be expressed and released from hema-
topoietic cells in an inflammatory context (16), thus the
clinical significance of false positive cases remains to be
addressed. In this study, we report on our development
of a new method to quantify the accurate volume of
FTC in the abdominal cavity, using flow cytometry. We
evaluate the clinical value of this method in patients
with peritoneal metastasis.

MATERIALS AND METHODS
Patients

Ascites or peritoneal lavages were recovered from 106
patients who underwent abdominal surgery for gastric
(n=90) or colorectal cancer (n=16) in the Depart-
ment of Surgical Oncology between August 2008 and
May 2013. All patients underwent open abdominal sur-
gery and peritoneal washing was performed using 200
ml of normal saline. 100ml samples were obtained by
lavage before operative manipulation. In cases of the
presence of ascites, 20 ml of fluid from ascites was
obtained soon after laparotomy. During the same period,
89 samples were obtained from intraperitoneal catheter
or a subcutaneous intraperitoneal access port in patients
who received intraperitoneal JP) chemotherapy for peri-
toneal metastasis of gastric cancer. Pathologists eval-
uated peritoneal cytology for all samples. Informed con-
sent was obtained in writing from all patients. This
study was carried out in accordance with the Declara-
tion of Helsinki and was approved by the Institutional
Review Board of the University of Tokyo.

MAbs

PE-conjugated mAb to CD326 (EpCAM) was pur-
chased from Miltenyi Biotec (Auburn, CA). FITC-
conjugated mAb to CD45, Fc-blocker and 7AA, as well
as control mouse IgG1, were all purchase from Becton-
Dickinson (San-Jose, CA).

Cell Processing and Flow Cytometry

After the centrifugation of ascites or peritoneal lav-
ages at 1,500 rpm for 10min, the pellets were resus-
pended in PBS+0.02% EDTA and overlayed on Ficoll-
Hypaque solution (Pharmacia Biotech, Piscataway, NJ).
After centrifugation at 3,000 rpm for 10 min, the inter-
mediate layer was taken and washed twice with
PBS+0.02% EDTA. During the procedure, most of the
cell clusters were dissociated to form single cell suspen-
sions. The cells (IXIOG) were suspended in 100pl of

Cytomeltry Part B: Clinical Cytometry

PBS+0.02% EDTA, incubated with 10 pl of Fc-blocker
for 20 min and then immunostained with FITC-
conjugated CD45, PE-conjugated CD326 and 7AA for 30
min in 4°C as per the manufacturers’ recommendation.
After washing, 10* cells were acquired in the 7AA-
negative area and analyzed for the expression of CD45
and CD326 with FACS-Caliber (Becton-Dickinson, San-
Jose, CA). In some cases, the samples were observed
with fluorescent microscopy Biozero (Keyence, Tokyo
Japan).

Statistics

In the comparison of the tumor cell/leukocyte ratio
(TLR), P-value was calculated using Wilcoxon’s nonpara-
metric analysis with JUMP software.

RESULTS
Calculation of Tumor Cells/Leukocytes Ratio (TLR)

Figure 1 is representative of the FACS profiles of the
cells recovered from ascites in a patient with peritoneal
metastasis (Case 1, upper panel) and peritoneal lavage
from a patient without peritoneal metastasis (Case 2,
lower panel). Figures 1A-1E, 1K-10 show the results of
staining with control mAbs, while Figures 1F-1J, 1P-1T
show staining with FITC-conjugated anti-CD45mAb, PE-
conjugated anti-CD326 mAb and 7AAD. First, 7AAD-
positive areas were determined to be dead cells in Figures
1D, 11, 1IN, and 1§ and excluded from the analysis. Then,
in the 7AAD-negative region (R1), the FI-1 (FITC) and FL-
2 (PE) intensities were plotted against SCC (Figs. 1B, 1G,
1L, and 1Q and Figs. 1C, 1H, 1M, and 1R). In Figures 1B
and 1C and Figures 1L and 1M, negative areas were deter-
mined for CD45 and CD326, respectively. Usually, the
threshold for fluorescein intensity increased as the SCC
increased and the positive areas for CD45 (R2) and
CD326 (R3) show the “sox like” shape. In Figures 1G and
1H, case 1, the number of CD45 (+) leukocytes (L) and
CD326 (+) tumor cells (T) were calculated as the dot
number located in the gated areas R1+R2 and R1+R3,
respectively, and the tumor cell leukocyte ratio (TLR) was
calculated as the relative frequency of FIC in the abdomi-
nal cavity. To make the calculation more accurate, the
number of the cells located in the positive region in con-
trol IgG staining (Figs. 1B and 1C) was subtracted from
those values to delete the cells with nonspecific binding.
Thus, the TLR was calculated as the following formula.

TLR (%) = (PE —conjugated CD326(+) cells
-PE-conjugated migG (+) cells )/ (FITC ~conjugated CD45
(+) cells - FITC —conjugated mIgG (+) cells ) x100

Then, the TLR in case 1 was calculated as (315-1)/
(9157-18) x100 = 3.40 (%). Similarly, TLR in case 2 was
calculated as (2-2)/(9348-71) x100 = 0(%), suggesting
that no tumor cells were present in case 2.

FACS profiles of two additional cases with peritoneal
metastasis (Cases 3 and 4) were expressed in Figure 2.
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Fie. 1. FACS profiles of the patients with (Case 1, upper panels) or without (Case 2, lower panels) peritoneal metastasis. A-E and K-0 show the
staining with control mAbs, while F-J and P-T show the staining with FITC-conjugated anti-CD45 and PE-conjugated CD326. Figures A, F, K, and P
show dot plots of FSC/SCC and E, J, O, and T show the FL1/FL2 profile. In figures B, G, L and Q of the FL3/SCC profile, 7AA negative cells were
analyzed as living cells. Figures C, H, M and R show FL1/SCC and D, I, N and S show the FL2/SCC profile. CD45 and CD326-positive areas were
defined as R2 and R3, respectively, and counted dot numbers were expressed. All the figures were expressed as multi-color plotting and green and

red dots show CD45 (+) and CD326 (+) cells, respectively.

Although both cases were diagnosed as cytologically
positive (CY+), TLR of case 3 was calculated as 1.84%,
while that of case 4 was 190.15%. This indicates that
the frequency of intraperitoneal tumor cells varied
widely among patients with positive peritoneal cytology.

As shown in Figures 1F and 2D, CD326 (+) tumor
cells (red spots) were generally distributed at relatively
higher area in the FSC and SCC profile, as compared
with CD45 (+) leukocytes (green spots). In addition,
the expression of CD326 and CD45 were mutually
exclusive in most cases (Figs. 1], 2B, and 2E).

Observation with Fluorescent Microscopy

Figures 2C and 2F show the merged images of the
same samples of Case 3 and 4, respectively, observed
with immunofluoresence microscopy. These figures
show that most of the cells in these samples consisted
of single cells, which were stained with either FITC

labeled anti-CD45 mAb or PElabeled anti-CD326 mAb.
The ratio of red tumor cells to green leukocytes was
mostly consistent with TLR calculated with FACS analy-
sis in both samples. The microscopic observation also
indicates that tumor cells are relatively larger than leuko-
cytes, which is consistent with the FSC/SCC profile of
FACS analysis.

TLR of Peritoneal Fluid in Operative Patients

Figure 3A shows the TLR of the patients with or with-
out peritoneal metastasis obtained at laparotomy. In gen-
eral, samples derived from patients without peritoneal
metastasis (PM-) contained few CD326-reactive cells and
median (M) of TLR of the PM(-) 48 cases was 0% (O-
2.14%). Indeed, the TLR of 30 of the 48 cases was 0%
and less than 0.1% in the other 10. In contrast, the TLR
of the samples recovered from the 58 patients with peri-
toneal metastasis (PM+) showed significantly higher

Cytometry Part B: Clinical Cytometry
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Fie. 2. FACS profiles of 2 additional cases (A, B and D, E) with peritoneal metastasis and positive cytology. Each figure was expressed in the same
fashion as Figure 1. (C), (F): Samples of Case 3 (C) and Case 4 (F) were placed on a plastic plate and observed with Fluorescent microscopy. Green and
red fluorescence were detected under the corresponding wavelengths and the two images were merged.

TLR (M=1.39%, 0-807.87%) (P < 0.001). However, TLRs
were highly variable among the samples from PM (+)
patients. In the 58 patients, 7 cases contained extremely
high levels of CD326 (+) cells with TLR over 100%,
indicating that tumor cells are more predominant than
leukocytes in the abdominal cavity. On the contrary,
TLRs were less than 0.1% in 7 cases.

TLR of CY (+) and CY (—) Samples in Patients with
Peritoneal Metastasis

Figure 3B shows the TLR of the samples derived from
the patients with peritoneal metastasis, including 58 sam-
ples obtained at laparotomy and 89 samples obtained from
a peritoneal catheter or access port. TLIR and CY showed
the good correlation (Table 1). All of the 86 CY (+) sam-
ples contained a significant number of CD326reactive cells
M =2.81%, 0.02~1868.44%). In contrast, 61 CY (—) sam-
ples showed significantly lower TLR (M=0%, 0~3.45%, P
<0.001). Their TLR was 0% in 36 cases and less than 0.1%
in the remaining 6, which was mostly similar to TLR in
samples obtained from the PM(-) patients at laparotomy.

TLR Before and After Intraperitoneal Chemotherapy

In 24 patients, the TLR was measured before and after
IP chemotherapy. Cytology was initially positive in 21
and negative in 3 cases. As shown in Figure 4, TLR was
reduced by IP chemotherapy in all cases including the 3
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CY(-) cases. Among the 21 CY(+) cases, TLR was
reduced to 0% in 10 cases after chemotherapy, which
was accompanied with negative cytology after chemo-
therapy. In 11 other cases, however, TLR after IP chemo-
therapy was calculated to be between 0.016%~35.4%
and 4 of the 11 samples were diagnosed as CY(+), even
after chemotherapy. Even in those cases, however, we
confirmed that the peritoneal lesions were partially
reduced by laparoscopic findings, the change of TLR
might be more sensitive than conventional cytology in
terms of the response to chemotherapy.

DISCUSSION

Cytologic detection of FT'C from a peritoneal lavage is
now recognized as the most important determinant in
the prediction of the development of peritoneal recur-
rence in patients with many types of abdominal malig-
nancies (5,6) (3,4,7) (8 (9). However, conventional
examination with Papanicoloaou staining is reported to
lack the sensitivity, and thus immunostaining methods
using specific mAbs to tumor cell-associated antigens
have been used to increase sensitivity (17-19). In this
study, we used the immunostaining method and tried to
quantify the relative frequencies of FTC in the abdomi-
nal cavity using flow cytometry.

We used pan-leukocyte markers CD45 and CD326
(EpCAM), which are widely overexpressed in a variety





