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Background: Stage is an important prognostic factor in renal tumours and dissemination to regional lymph nodes is associated
with poor outcomes. Lymph nodes are routinely assessed by immunohistochemistry and microscopic evaluation, a time-
consuming process where micrometastases might go undiagnosed. We evaluate an alternative method for detecting metastatic
cells in sentinel nodes (SNs) by flow cytometry.

Methods: A total of 15 nodes from 5 patients diagnosed with renal tumours were analysed by flow cytometry. Staining for the
intracellular marker cytokeratin 18 (CK18) with the surface markers carbonic anhydrase IX (CA9) and Cadherin 6 were used in flow
cytometry analysis. Peripheral blood mononuclear cells (PBMCs) with the addition of known concentrations of cancer cell lines
were analysed to investigate the sensitivity of micrometastasis detection.

Results: Stability of the assay was marked by low intra-assay variability (coefficient of variance p16%) and low inter-assay variability
(R2¼ 0.9996–1). Eight nodes in four patients were positive for metastasis; six of them were considered being micrometastatic.
These metastases were undetected by routine pathology and the patients were restaged from pN0 to pN1.

Conclusions: Flow cytometry is able to detect micrometastases in lymph nodes of renal tumour patients that were undetected
under H&E examination.

Kidney cancer or renal cell carcinoma (RCC) is the fourteenth
most common cancer in the world, and the global incidence in
2008 was 273.518 (Ferlay et al, 2010). It is well established that the
presence of lymph node metastases significantly affects the
prognosis of RCC (Vasselli et al, 2001; Pantuck et al, 2003). The
capacity of tumours to metastasise is a characteristic ability
acquired during tumour genesis (Hanahan and Weinberg, 2011).
Renal cancer cells metastasise either directly via haematogenous
dissemination or by spread to draining regional lymph nodes.
Currently, detection of metastatic cells in lymph nodes is routinely

performed by visual examination of haematoxylin and eosin
(H&E)-stained slices under the microscope by a pathologist.
However, this process is time consuming and micrometastases
(MICs) might be missed. It was previously demonstrated that
19.4% of nodes that were MIC free under H&E examination were
shown to be positive for MICs by immunohistochemistry (IHC)
(Tschmelitsch et al, 2000). Weaver et al (2003) described a
method to examine multiple IHC cytokeratin-stained sections
using automated computer-assisted image analysis, reporting
additional detection of MICs as compared with IHC. Sensitivity
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can thus be increased by examining additional sections from every
node (Lim et al, 2013), but this approach is too labour intensive for
routine use when a large amount of nodes should be examined. In
addition, MICs can potentially still be missed as only 5mm thick
sections of the whole lymph node are routinely examined,
representing less than B0.1% of the node.

Several attempts have been made to use alternative techniques
to investigate the presence of metastatic cells in lymph nodes.
Metastatic cells can be detected using reversed transcriptase–PCR
(RT–PCR) (Haince et al, 2010). The method is highly sensitive, but
mRNA is sensitive to degradation during storage and transporta-
tion (Weigelt et al, 2004). This induces the risk of receiving false
negative results. In addition, some genes are upregulated during
storage, thus generating false positive results (Benoy et al, 2006).
Moreover, contamination may possess a problem in routine
practice when multiple samples are handled in parallel, as RT–
PCR detects very low levels of transcripts.

Flow cytometry has the ability to detect several parameters at
the single-cell level. These multiple parameters may be analysed in
combination with size (forward scatter) and complexity (side
scatter) properties of each tumour cell studied. Tumour cells can
also be detected by labelling of cytokeratin with fluorophore-
conjugated antibodies, and labelling of DNA with propidium
iodide (PI) (Leers et al, 2002).

We have recently described a method for detecting colon cancer
cells in single-cell suspensions derived from lymph nodes by
staining with multiple surface markers and detection by flow
cytometry (Karlsson et al, 2008). In this method, we combine the
staining method for intracellular and surface tumour antigens.
Staining of intracellular markers is more cumbersome and may
increase background. However, staining of surface markers has
some limitations. Surface markers may be sensitive to enzymatic
degradation that is a part of protocols to obtain single-cell
suspensions. In addition, the expression of surface antigens may be
downregulated because of genetic instability of tumour cells, as
previously observed (Karlsson et al, 2008).

The differential expression of intracellular antigen, cytokeratins
in various types of carcinomas makes them useful staining targets
for IHC to identify tumour cells, a practice widely used for
different cancers. Subtypes of RCCs express varying patterns of
cytokeratins (Langner et al, 2004), but staining for cytokeratin 18
(CK18) is the most commonly used for routine IHC evaluation of
RCC (Messai et al, 2010). Surface markers can potentially also be
used to identify renal tumour cells. The expression of carbonic
anhydrase 9 (CA9), also known as G250 or MN, is highly prevalent
in RCC, and the expression is considered as a prognostic factor
(Soyupak et al, 2005). This surface antigen can readily be detected
by flow cytometry (Li et al, 2001). Cadherin 6, a cell adhesion
molecule found in the cell surface, is frequently used in
conventional RCC (Li et al, 2005), and is also suggested as a new
prognostic factor in RCC (Marshall, 2005).

An alternative method to evaluate the presence of metastases
within lymph nodes needs to be developed. We therefore set up an
experiment to detect metastatic cells of renal tumours by flow
cytometry by combining a surface staining of CA9, Cadherin 6,
and intracellular staining of CK18. In this study, we analysed 15
nodes from patients diagnosed with renal tumours with different
pathological characteristics.

MATERIALS AND METHODS

Patients. Five patients diagnosed with renal tumours were
included in this study. Patients 1, 4, and 5 were diagnosed with
clear cell carcinoma, with patient 4 having mixed papillary renal
cancer pathological feature, patient 2 had a renal oncocytoma, and

patient 3 was diagnosed with mucinous tubular and spindle cell
carcinoma. Clear cell carcinoma and mucinous tubular and spindle
cell carcinoma are classified to be malignant renal tumours,
whereas renal oncocytoma is a benign renal tumour (Lopez-Beltran
et al, 2009). Written informed consent was given, and the study
was approved by the local ethical committee, EPN-Stockholm (dnr:
2014/200-32).

Lymph node acquisition. Lymph nodes were obtained during
nephrectomy by sentinel node (SN) detection utilising injection of
80 MBq radioactive tracer 99mTc around the primary tumour
intraoperatively. A handheld gamma probe was used to evaluate
collected specimens, according to the method previously described
(Bex et al, 2011; Sherif et al, 2012). Each identified node was cut
longitudinally in half, one piece dedicated for conventional
pathological analysis (H&E and IHC), and the other for parallel
analysis by flow cytometry. For flow cytometry, tissue samples were
immediately put in RPMI medium and kept on ice until preparation
and staining. Single-cell suspensions were made by gentle pressure
with a loose-fitting glass homogeniser as previously described
(Marits et al, 2006) for flow cytometry. Results of histopathology
staging were unknown at the time of flow cytometric analyses.

Primary tumour samples and PBMCs. Samples of primary
tumours were collected during nephrectomy and used as positive
controls. Buffy coats were received from healthy controls and
peripheral blood mononuclear cells (PBMCs) were isolated by
separation on a Ficoll-Paque gradient and washed twice in
phosphate-buffered saline (PBS), as described previously (Ulmer
et al, 1984).

Cell culture. The human renal cancer cells lines RCC4, ACHN-3,
and CAKI-6 were cultured in RPMI 1640 media (Sigma, Stockholm,
Sweden), supplemented with 10% bovine growth serum (BGS),
1% penicillin/streptomycin (Hyclone, Uppsala, Sweden), and 1%
L-glutamine (Hyclone). The cells were detached using Trypsin 0.25%
and EDTA 1% (Invitrogen, Stockholm, Sweden). Before flow
cytometric analyses, cells were detached with trypsin 12 h before the
experiment, split 1 : 2, and kept in an incubator to allow regeneration
of surface markers. Immediately before analyses, cells were incubated
in 2% EDTA on ice for 15 min and then gently resuspended for
detachment.

Identification of renal cancer cells in mixed cultures. Detection
of renal cancer cells was investigated in PBMCs mixed with RCC
cells (ACHN3, CAKI6, and RCC4) and from sentinel lymph nodes
from patients with renal tumours using flow cytometry. Renal
cancer cells were added to PBMCs and diluted in steps of three
(1%, 0.33%, and 0.11%, respectively) and kept in 200ml of staining
buffer (2% PBS, 0.01% BGS, and 0.02% Sodium Azide). The PBMCs
alone were used in parallel as negative control. Samples were
supplemented with 15% human serum (Sigma) for 10 min to block
Fc-receptors. Antibodies for surface staining were added and incubated
for 30 min at room temperature. After washing in staining buffer, cells
were fixed using 200ml Cytofix/Cytoperm (BD, Stockholm, Sweden)
for 20 min at 4 1C. Cells were washed in staining buffer supplemented
with 0.3% Saponin (Sigma) and resuspended in 200ml of
permeabilisation buffer. Antibody for intracellular staining was added
and incubated for 30 min, and finally the samples were washed 2
times before analysis. Antibodies used were: anti-Cadherin 6 (PE)
(R&D Systems, Abingdon, UK) clone: 27909, anti-CA9 (APC)
(R&D Systems) clone: 303123, and anti-cytokeratin 18 (FITC) (Life
Technologies, Stockholm, Sweden) clone: DC-10. Isotype-matched
controls used were anti-IgG (FITC), anti-IgG (APC), and anti-IgG
(PE) from each respective manufacturer.

Analyses were performed on FACS Aria and FACS Fortessa
flow cytometer (BD Biosciences, Stockholm, Sweden) using
the FACSDiva software (BD Biosciences) and FlowJo v.10
(FlowJo Enterprise, Ashland, OR, USA). Recordings of 1.000.000
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events were collected. Gating was set to exclude cell debris, as
determined by forward and side scatter properties on a density
plot. Positive events were identified in dot plots of fluorescence
vs SSC properties for each marker respectively and displayed on a
log-scale. The definite percentages of positive cells were calculated
from percentage of positive cells deducted from background
percentages acquired by isotype control.

RESULTS

Detection of tumour cell markers of RCC. We investigated three
different RCC cell lines, RCC4, ACHN3, and CAKI6, for the
expression of CK18, CA9, and Cadherin 6 by flow cytometry. The
cell line RCC4 stained highly positive for CK18 and CA9
(Figure 1). However, the staining of Cadherin 6 showed a more
continuous pattern, thus resulting in a less clear separation of
positive events (Figure 1). However, when analysed in dot plots,
490% of RCC4 cells could be identified as positive for Cadherin 6
(data not shown).

Regarding the renal cancer cell lines ACHN3 and CAKI6, they
stained highly positive for CK18 (Figure 1). However, none of these
cell lines demonstrated expression of CA9 and Cadherin 6
(Figure 1).

Thus, we conclude that the intracellular marker CK18 is expressed
at high levels in all three cell lines and that the cell surface markers
CA9 and Cadherin 6 are expressed to a variable extent.

Detection of RCC cells in a mixed leukocyte environment. In
order to test whether RCC cells could be detected by flow
cytometry in a mixed environment of leukocytes using specific
antibodies, we simulated the environment in a lymph node by
adding decreasing numbers of renal cancer cells into PBMCs. The
percentages of positive cells in each samples showed that all three
markers CK18, CA9, and Cadherin 6 could be detected from 1% to
0.011% of added RCC4 cancer cell line with low background
staining (Figure 2A). The percentages of added compared with the
number of detected cells were analysed by regression analysis
where regression coefficients above 0.97 indicate a linear and
reliable detection of the three markers CK18, CA9, and Cadherin 6
from 0.011 to 1% added RCC4 cells (Figure 3).

When ACHN3 and CAKI6 cells were investigated, staining of
CA9 and Cadherin 6 was not reliable (Figure 2B and C), consistent
with the low expression of both markers in ACHN3 and CAKI6
cells (Figure 1). Unspecific background staining was shown to be
o0.008% (data not shown) from isotype control, thus indicating a
very low level of false positives.

Stability of assay. As RCC4 expresses all of the three tumour-
associated antigens with reliable detections (Figures 2 and 3), and
RCC4 cells are of carcinoma origin that constitutes B90% of all
renal cancer cases, we continued to focus on this cell line for
evaluation of the assay. Next, we set out to analyse the intra- and
inter-assay variability by using the spiking experiments. Before
analysis, samples were split into 10 aliquots and analysed
separately for intra-assay variability. In addition, each sample
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Figure 1. Flow cytometric detection of the three tumour-associated markers CK18, CA9, and Cadherin 6 in three different renal cancer cell lines,
RCC4, ACHN3, and CAKI6. The y axis was set to show for the count of positive events. Gating for positive events was made based on
isotype controls.
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was reanalysed after B8 h for inter-assay variability. The results of
the two acquisitions showed that the intra-assay coefficient of
variance (CV) was o16%, indicating that the detection is reliable
(Table 1).

The inter-assay variability between two time point acquisitions
was analysed using linear regression. Percentage of acquired cells

from the first run vs percentage of acquired cells from the second
run was evaluated. The correlation coefficient R2 fell into the range
of 0.9996–1, and thus the correlation between acquisitions was
significant for all the three markers (Figure 4). We conclude that
detection of CK18, CA9, and Cadherin 6 is stable and consistent
with small variations in between experiments.
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Figure 2. Flow cytometric detection of cancer cells by staining for the tumour-associated cell surface markers CA9 and Cadherin 6, and the
intracellular marker CK18. Cultured cancer cells were spiked to PBMCs at a concentration of 1%, and three-fold stepwise dilution series
were prepared, resulting in concentrations of 1%, 0.33%, and 0.11%. Samples of PBMCs alone were used to detect background staining.
The percentages show the amount of positive events for staining of the renal cancer cell line RCC4, visualised by plotting each marker (x axis) vs
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and ACHN3 respectively (C) respectively.
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Detection of metastatic cells in sentinel lymph nodes by flow
cytometry. To explore a possibility of forthcoming clinical benefit
for flow cytometry and CK18, CA9, and Cadherin 6 detection of
metastatic renal cell tumours, we investigated freshly retrieved
single cells from sentinel lymph nodes from renal tumours
patients. Preoperative patient characteristics are listed in Table 2.

In patient 1, three SNs (SN1, 2, and 3) were investigated by flow
cytometry analysis. There was presence of Cadherin 6-positive cells
in SN1, SN2, and SN3 (0.36%, 3.4%, and 0.54%, respectively;
Figure 5A). This indicates that all the nodes were positive for
metastatic cells. However, no expression of CK18 was noted in any
of the nodes (Table 3). As all of the investigated sentinel lymph
nodes contained metastases, the patient was classified as TNM
stage III.

Two non-SNs (nonSN1 and 2) were identified in patient 2. In
nonSN1, we could not detect any positive cells for the three
markers, indicating that nonSN1 was free from metastasis
(Table 3). However, 0.51% of the cells were positive for CA9 in
nonSN2 (Figure 5B) but no positive CK18 and Cadherin 6 cells
were detected (Table 3). When we stained the isolated tumour-
infiltrating lymphocytes (TILs) from the primary tumour, we could

detect 24.07% CK18-positive tumour cells (Figure 5B). The
detected cells in TILs were viable tumour cells after enzymatic
processing with collagenase and hyaluronidase for TIL isolation.
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Table 1. Intra-assay variability on RCC4 cell line

Acquisition 1 Acquisition 2

Added cells (%) Mean s.d. CV (%) Mean s.d. CV (%)

CK18
1 0.729 0.048 6.58 0.720 0.026 3.61
0.33 0.267 0.007 2.62 0.282 0.010 3.55
0.11 0.108 0.008 7.41 0.120 0.007 5.83
0.037 0.069 0.005 7.25 0.083 0.006 7.23
0.012 0.047 0.002 4.26 0.055 0.003 5.45

CA9
1 0.775 0.045 5.81 0.795 0.037 4.65
0.33 0.269 0.008 2.97 0.272 0.009 3.31
0.11 0.087 0.007 8.05 0.090 0.006 6.67
0.037 0.032 0.003 9.38 0.032 0.001 3.13
0.012 0.012 0.001 8.33 0.012 0.002 16.67

Cadherin 6
1 0.744 0.044 5.91 0.757 0.032 4.23
0.33 0.267 0.008 3.00 0.269 0.009 3.35
0.11 0.089 0.008 8.99 0.096 0.006 6.25
0.037 0.04 0.003 7.50 0.046 0.004 8.70
0.012 0.017 0.002 11.76 0.022 0.002 9.09

Abbreviations: CA9¼ carbonic anhydrase IX; CK18¼ cytokeratin 18; CV¼ coefficient of
variance.
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Figure 4. Inter-assay variability evaluation. The RCC4 cancer cells were
diluted in PBMCs at concentrations ranging from 1% to 0.011%. At
every concentration, 10 samples were analysed for the presence of
tumour cells and mean were calculated. After 8 h, the same samples
were reanalysed and inter-assay variability of each marker was assessed
using regression analysis. The diagrams show regression analyses of
detected amount of Cytokeratin 18 (A), CA9 (B), and Cadherin 6 (C).
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In patient 3, we analysed four SNs (SN1, SN2, SN3, and SN4)
and one non-sentinel node (nonSN1) (Table 3). In SN2 and
nonSN1, 3.5% and 0.47% CA9-positive cells were detected,
respectively, consistent with the presence of 3.44% Cadherin
6-positive cells in SN2 and 0.26% Cadherin 6-positive cells in
nonSN1. Thus, the presence of metastasis in these nodes was
concluded. In SN4, we could also detect 0.05% CA9-positive cells,
indicating the presence of MICs in this node (Table 3). Thus, this
patient is classified as TNM stage III as well.

Three nodes were extracted from patient 4 and two nodes were
analysed (SN2 and nonSN1) (Table 3). In SN2, we could detect
0.26% Cadherin 6-positive cells and 1.45% CA9-positive cells,
marking the presence of MIC in this node. However, nonSN1 did
not show any positive cells for the three tumour cell markers
(Table 3).

In patient 5, three nonSNs were identified (nonSN1, nonSN2,
and nonSN3). From flow cytometry analysis of the three tumour
markers, none of these nodes were shown to have MIC (Table 3
and Figure 5C).

Pathology examination of investigated nodes. Head-to-head
comparisons were done per patient between the analysis from
flow cytometry and the standard pathology examination. The
comparisons between the two methods are listed in Table 4.

The standard anatomical pathology evaluation by H&E from the
renal cancer patient no. 1 showed RCC with clear cell type and
nuclear characteristics of Fuhrman grade II. The tumour size was
47 cm with no signs of intravascular extension and growth,
indicating pT2. All three sentinel lymph nodes identified
(SN1, SN2, and SN3) were also analysed by H&E and they showed
no signs of metastasis in the investigated lymph nodes (pN0).
Thus, from the pathology report, the TNM staging of RCC in this
patient is stage II; contradicting to our flow cytometry detection.

In patient 2, standard pathology examination was carried out
after nephrectomy. It revealed the tumour being a renal
oncocytoma. The two identified nonSNs (nonSN1 and nonSN2)
also underwent analysis and subsequently were non-metastatic
by H&E.

The results of H&E examination of patient 3 showed the
characteristics of mucinous tubular and spindle cell type of RCC.
The tumour size was measured to be 47 cm and limited to the
kidney (pT2). As this type of RCC has a rare incidence, further
IHC examination was carried out that confirmed the diagnosis of
mucinous tubular and spindle cell type of RCC. Pathology
examination for the identified nodes was also done (SN1, SN2,
SN3, SN4, and nonSN1) and showed no signs of metastasis in the
investigated nodes. Therefore, based on routine pathology, this
patient is in stage II.

The standard pathology examination revealed the tumour size
of 47 cm and limited to the kidney (pT2) in patient 4. The tumour
was categorised as papillary renal cancer type 1 with some areas of
clear cell with nuclear characteristics of Fuhrman grade II. The two
nodes extracted (SN2 and nonSN1) were also examined and they
showed no positive metastasis (pN0). This concluded that patient 4
is in stage II.

In patient 5, pathology examination was done and showed that
the tumour size was 47 cm with breakthrough to the fat capsule
without vascular invasion (pT3a). The tumour was characterised as
Fuhrman grade II clear cell cancer. The pathology revealed no
metastasis from the three investigated nonSNs (nonSN1, nonSN2,
and nonSN3) indicating pN0.

DISCUSSION

In this study we have, for the first time, investigated markers
expressed by renal tumour cells by flow cytometry in order to
identify ectopic presence of metastatic cells in lymph nodes. We
demonstrate that renal cancer cells can be detected at very low cell
counts. The detection method is sensitive and reproducible with
low intra- and inter-assay variability. Flow cytometry offers several
advantages as compared with the gold standard for evaluation of
lymph node status in cancer staging. First, flow cytometry is quick
and reliable and can be carried out without extensive resources.
Moreover, objective analyses of multiple samples can be performed
by a technician.

Earlier attempts have been made to describe detection of
tumour cells by different kinds of spiking experiments. In this
study we carried out spiking experiments using three separate renal
cancer cell lines using the same assay. Our results demonstrate that
different markers display varying expression (Figure 1). The
staining of intracellular cytokeratin demonstrated the most stable
expression in the three cell lines, but caused a slightly higher
background. However, background staining can potentially be
minimised by using additional washes and more optimised staining
conditions. Moreover, when samples are compared with isotype
control, the unspecific staining is not a problem as it can be
deducted. The assay has a very low s.d. for intra-assay variability, in
the range of 0.001–0.04% (Table 1), for expected number of
positive cells. Thus, a very small event count above threshold can
be considered as indicative for metastasis.

The International Union Against Cancer defines tumour
deposits between 0.2 and 2 mm as MICs and clusters and single-
cell infiltrations below this cutoff as isolated tumour cells (ITCs)
(Hermanek et al, 1999). Assuming a lymph node is B10� 5� 5
mm in size, a MIC of 2 mm equals B1.6% of the total number of
cells in an average lymph node. Accordingly, a MIC of 0.2 mm
equals B0.032% of the total number of cells. From our spiking
experiments, we can distinguish a sample that has been spiked with
0.011% of RCC4 cancer cell lines from a control sample with
PBMCs only (Figure 2), indicating that the method is stable
and sensitive enough to detect MICs. As demonstrated in our
verification experiments with SNs and nonSNs from renal tumour
patients, we detected the presence of positive cancer cells in both
SNs and nonSNs that range from 0.036 to 3.5% in eight nodes from
all of the five patients. Six of these nodes fulfil the criteria to be
MICs with positive cells falling in the range of 0.032–1.6%
(Table 3). However, these results were contradicted with the
pathology examination results, as investigation of H&E sections
of the lymph nodes were negative. The number of sections
investigated was following routine pathology; it is likely that the
investigated sections were not representative for the whole lymph
node. Thus, the flow cytometry-based investigation demonstrated
MICs and changed the TNM staging group from II to III. This
might result in a different therapy regiment and prognosis of the
patients, in which further clinical evaluations are needed.

In patient 5, we demonstrated the presence of positive cells in
the range of 0.004–0.03% that falls under the criteria of ITCs
(Table 3). However, the clinical significance of ITCs is still under
debate. It has not clearly been shown whether detection of ITCs in
lymph nodes has a clinical impact. In a retrospective study, Joyce

Table 2. Patient characteristics

Patients Gender
Age

(years) Side cT stage cN stage
1 M 64 Left T2 N0

2 F 47 Right T2 N0

3 F 69 Left T2 N0

4 F 69 Left T2 N0

5 M 54 Right T3 N0

Abbreviations: F¼ female; M¼male.
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et al (2012) showed that the presence of MICs in SNs from patients
with breast cancer was associated with axillary disease in 21% of
cases, thus predicting metastatic disease. However, the presence of
ITCs in the same cohort did not lead to upstaging (Joyce et al,

2012). Reed et al (2009) made the same conclusion from a
prospective cohort and also showed that the presence of MICs, but
not ITCs, was a predictor of distant recurrence. As our flow
cytometry assay is sensitive enough to detect even ITCs, we
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Figure 5. Metastatic cell detection in representative nodes. Single cells from sentinel and non-sentinel nodes from five patients diagnosed with
renal tumours were stained intracellularly for CK18 or extracellularly for CA9 and Cadherin 6 before flow cytometry analysis. Positive cells were
gated based on isotype control with the definite positive cell percentage shown. (A) Three sentinel nodes were identified in patient 1. Presence of
metastasis was detected in all sentinel nodes, marked by the presence of Cadherin 6-positive cells in SN1, SN2, and SN3. (B) In patient 2, two non-
sentinel nodes were identified. Metastasis was detected in nonSN2 that was positive for CA9. The CK18-positive population of tumour cells was
shown as we stained for TILs in this patient. (C) No micrometastasis was shown in identified three nonSNs from patient 5, with a representative
analysis of nonSN3.
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conclude that the method is noninferior to IHC in detecting
metastatic disease of clinical importance.

One interesting finding in our experiments is the detection of
CA9-positive cells (0.51%) in nonSN2 of patient 2, in which the
patient was diagnosed with renal oncocytoma. We have demon-
strated that the background staining of CA9 marker was low

(0.002%) (Figure 2A), proving low possibility of false positive.
Renal oncocytoma (RO) is a benign epithelial-derived neoplasm in
the kidney (Lopez-Beltran et al, 2009). Although benign in nature,
there are some reports regarding metastasis of RO (Perez-Ordonez
et al, 1997; Oxley et al, 2007), even though it is rare. Other reports
also suggest the possible diagnostic uncertainty in differentiating

Table 3. Detection of cancer cells in patient nodes

Patients Samples Antigen stained Positive cells (%) Isotype control (%) Definite positive cells (%)
Patient 1 SN1 CK18 0.53 0.88 0

CA9 0.35 0.32 0.03
Cadherin 6 0.73 0.37 0.36

SN2 CK18 0.25 0.88 0
CA9 0.14 0.32 0

Cadherin 6 3.77 0.37 3.4
SN3 CK18 0.37 0.88 0

CA9 0.06 0.32 0
Cadherin 6 0.91 0.37 0.54

Patient 2 nSN1 CK18 0.052 0.25 0
CA9 0.46 0.48 0

Cadherin 6 0.49 0.77 0
nSN2 CK18 0.18 0.25 0

CA9 0.99 0.48 0.51
Cadherin 6 0.46 0.77 0

Patient 3 SN1 CK18 3.9 6.38 0
CA9 0.58 0.69 0

Cadherin 6 0.33 0.64 0
SN2 CK18 1.24 6.38 0

CA9 4.19 0.69 3.5
Cadherin 6 4.08 0.64 3.44

SN3 CK18 3.97 6.38 0
CA9 0.68 0.69 0

Cadherin 6 0.45 0.64 0
SN4 CK18 3.42 6.38 0

CA9 0.74 0.69 0.05
Cadherin 6 0.27 0.64 0

nSN1 CK18 5.12 6.38 0
CA9 1.16 0.69 0.47

Cadherin 6 0.9 0.64 0.26

Patient 4 SN2 CK18 0.30 1.22 0
CA9 4.19 2.74 1.45

Cadherin 6 0.50 0.24 0.26
nSN1 CK18 0.17 1.22 0

CA9 1.76 2.74 0
Cadherin 6 0.09 0.24 0

Patient 5 nSN1 CK18 0.04 0.74 0
CA9 0.04 0.01 0.03

Cadherin 6 0.03 0.04 0
nSN2 CK18 0.02 0.74 0

CA9 0.002 0.01 0
Cadherin 6 0.006 0.04 0

nSN3 CK18 0.07 0.74 0
CA9 0.02 0.01 0.01

Cadherin 6 0.044 0.04 0.004

Abbreviations: CA9¼ carbonic anhydrase IX; CK18¼ cytokeratin 18; nSN¼ non-sentinel node; SN¼ sentinel node.

Table 4. Patient outcomes

Patients

pN stage
(pathology

examination)

pN stage
(flow

cytometry)
Final

histopathology

Total
number of

obtained SNs

Number of
examined

SNs

Number of
metastatic

SNs

Total number
of obtained

nonSNs

Number of
examined
nonSNs

Number of
metastatic

nonSNs
1 pN0 pN1 RCC 5 3 3 0 0 0

2 pN0 pN1 Oncocytoma 0 0 0 2 2 1

3 pN0 pN1 Muc. spindle 4 4 2 1 1 1

4 pN0 pN1 PRCC 2 1 1 1 1 0

5 pN0 pN0 RCC 0 0 0 3 3 0

Abbreviations: Muc.¼mucinous; nonSN¼ non-sentinel node; PRCC¼papillary renal carcinoma with clear cell type; RCC¼ renal cell carcinoma with clear cell type; SN¼ sentinel node.
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RO and chromophobe RCC (chRCC) on H&E-stained section
(Amin et al, 1997; Yusenko, 2010), in which chRCC has malignant
feature of metastasis. Moreover, both tumours express similar
pattern of CK18 expression (Ng et al, 2014), consistent to our flow
cytometry result when we stained for TILs in patient 2 (Figure 5B).

In the end, four out of five patients were diagnosed with positive
MICs in lymph nodes by flow cytometry, whereas all of them were
negative by H&E examination. This gives a promising future of
flow cytometry as a diagnostic tool. However, the detected
metastatic cells based on our experiment are only detected with
one particular marker but not the others. It therefore implies that
concomitant staining for the three markers is recommended.
Further studies comparing flow cytometry with gold standard IHC
in a larger cohort is warranted as it might have therapeutic
implications. Moreover, prospective studies to correlate the
number of metastatic cells detected in patient’s SNs with relapse-
free survival (RFS), cause-specific survival (CSS), or overall survival
(OS) of the patients are needed.
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