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Background. Circulating tumor cells (CTCs) in peripheral blood have been shown to reflect the prognosis of patients with
colorectal cancer, and epithelial and mesenchymal markers further predict the likelihood of cancer dissemination. This study
was conducted to identify possible association of clinical features of colorectal cancer with CTC counts, their subtypes, and
systemic inflammatory markers. Methods. Blood samples of 316 colorectal cancer patients were used for CTC detection and
subtyping with EpCAM, CK8/18/19, vimentin, and twist as biomarkers. The neutrophil/lymphocyte ratio, platelet/lymphocyte
ratio, C-reactive protein/albumin ratio, lymphocyte/monocyte ratio, and systemic immune-inflammation index (SII) were also
measured. The relationship between clinical data and these markers or parameters was analyzed. Results. Total CTC counts
were correlated with whether there was lymph node involvement but was not correlated with TNM staging. There was a
difference in mesenchymal CTCs between patients with and without lymph node involvement (P < 0.05). Also, more patients
with metastasis tested positive for mesenchymal CTCs (P < 0.05). Of the systemic inflammatory markers, platelet/lymphocyte
ratio was positively correlated with CTC counts (P <0.01), and lymphocyte/monocyte ratio was negatively correlated with
CTC counts (P < 0.05). Conclusions. Colorectal cancer patients with the mesenchymal markers on their CTCs are more likely
to have lymph node involvement or distant metastasis than those without these markers.

1. Introduction

Colorectal cancer (CRC) is one of the most common malig-
nancies and a leading cause of death. CRC-related mortality
is mostly attributable to metastasis to other organs and tis-
sues, especially the liver, lung, and peritoneum [1, 2]. About
20% of patients are found to have metastases at the time of
CRC diagnosis, and many more will develop metastasis
within five years of tumor resection [1]. Although poor out-
comes are generally expected with metastasis, the spread of
CRC to some sites, the peritoneum, for example, signifies

much shorter overall survival than metastatic CRC in other
sites and may possess distinctive phenotypic and genotypic
features [3, 4]. Therefore, biomarkers may be needed to pro-
vide an alternative for the assessment of prognosis to the
most widely used TNM staging system, which does not con-
sider some known risk factors.

The detection of circulating tumor cells (CTCs) in
peripheral blood has been used to predict the existence of
disseminated tumor cells and the risk of cancer recurrence.
Studies have shown that CTCs are able to predict distant
metastasis and overall survival in several types of cancer [5,
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6]. For nonmetastatic CRC, detection of CTCs before sur-
gery was associated with unfavorable outcomes [7, 8]. In
patients with metastatic CRC, higher counts of CTCs before
and during treatment were an independent predictor of
progression-free and overall survival [9, 10]. However,
results from other studies did not support a prognostic role
for CTCs in CRC [11, 12]. The conflicting findings might
have been due to discrepancies in patient characteristics
and detection protocols between these studies, but the site
of metastasis also has a major impact on prognosis for
CRC. For instance, although epithelial-mesenchymal transi-
tion (EMT) is often thought to be a primary mechanism
promoting cancer progression and metastasis, CRC metasta-
ses in different organs and tissues may not share the same
pathways and promoting factors [13].

A recently introduced technology uses epithelial and
mesenchymal markers (EpCAM, CK8/18/19, vimentin and
twist) to classify CTCs into three subtypes, epithelial CTCs,
epithelial/mesenchymal CTCs, and mesenchymal CTCs
[14-16]. Yet, it remains unclear whether there is a connec-
tion between CTC subpopulations and the risk of CRC
metastasis. In this study, we analyzed CTC phenotypes,
metastatic patterns, and other clinicopathological features
in CRC patients. The association of common systemic
inflammatory markers with characteristics of CRC was also
evaluated.

2. Methods

2.1. Participant Recruitment. Subjects were recruited
between May 2016 and September 2020. Patients who were
histologically diagnosed with colon or rectal cancer and
had complete medical records at our hospital were eligible
for inclusion. The research protocol was approved by the
ethics committee of Henan Provincial People’s Hospital.
Written informed consent was obtained from participants
in accordance with the Declaration of Helsinki. A total of
316 patients entered the study, with general data containing
clinical staging, recurrence, sites of metastases, and histolog-
ical classifications.

2.2. Isolation of CTCs and Detection of EMT Biomarkers.
Immediately following diagnosis with CRC, 5ml of the
patient’s peripheral blood was drawn into a centrifuge tube
containing EDTA after discarding the first 2ml to prevent
skin cell contamination. The CTC isolation method used in
this study was initially described by Wu et al. [14]. To
remove red blood cells, a lysis buffer (154mM NH,CI,
10mM KHCO;, and 0.1mM EDTA) (Sigma-Aldrich, St.
Louis, USA) was added. After 30 min, centrifugation was
performed at 1850 rpm for 5min, and then the supernatant
was extracted. The remaining cells were resuspended in a
mixture of 4ml PBS and 1 ml 4% formaldehyde. The suspen-
sion was vortexed and placed at room temperature for 8 min.
CTCs were isolated with a filtration system consisting of a
filtration tube containing a membrane with a pore diameter
of 8 ym, a multiwell plate vacuum manifold, and a vacuum
pump with the pressure set at >0.08 MPa.
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RNA in situ hybridization (RNA-ISH) was used to detect
CTC biomarkers, which included epithelial markers EpCAM
and CK8/18/19, mesenchymal markers vimentin and twist,
and CD45 as a leukocyte marker. Table 1 shows the sequences
of capture probes for CTC biomarker genes, which were all
synthesized by Invitrogen (Invitrogen, Shanghai, China). After
treatment of the cells on the membranes with a protease (Qia-
gen, Hilden, Germany), capture probes for the above biomark-
ers were used for hybridization at 42°C for 2 hours, followed
by washing three times with 1000ml of a wash buffer (0.1x
SSC) (Sigma-Aldrich, St. Louis, USA) to remove unbound
probes. For signal amplification, samples were incubated at
42°C for 20 minutes with a 100yl of a preamplifier solution
composed of 30% horse serum, 1.5% sodium dodecyl sulfate,
3mM Tris-HCl (pH8.0) (Sigma-Aldrich, St. Louis, USA),
and 0.5 fmol of the preamplifier. After cooling, the membranes
were again washed three times with 0.1x SSC and then incu-
bated with 100 yl of the amplifier solution.

Three fluorescent dyes were used to label the probes, with
Alexa Fluor 594 for the EpCAM and CK8/18/19 probes, Alexa
Fluor 488 for the vimentin and twist probes, and Alexa Fluor
647 for the CD45 probe. After washing with 0.1x SSC, the cells
were stained with 4/,6—diamidino-2-phenylindole (DAPI)
(Sigma, St. Louis, USA) for 5 minutes and examined with an
Axio Imager Z2 fluorescence microscope (ZEISS, Oberko-
chen, Germany). After filtration, CTC counts were obtained
with the subtraction of CD45" cells. CD45" cells were labeled
with Alexa Fluor 647 (white fluorescence), epithelial markers
(EpCAM and CK8/18/19) were labeled with Alexa Fluor 594
(red fluorescence), and mesenchymal markers (vimentin and
twist) were labeled with Alexa Fluor 488 (green fluorescence).
Cells possessing epithelial and mesenchymal markers (E + M)
showed both red and green fluorescence. Images of white
blood cells, epithelial CTCs, mesenchymal CTCs, and epithe-
lial/mesenchymal CTCs are shown in Figure 1.

2.3. Clinical Laboratory Tests. Patients’ blood samples were
sent to the hospital’s clinical laboratories for the detection
of carcinoembryonic antigen (CEA) and cancer antigen 19-
9 (CA 19-9). Commercial electrochemical luminescence kits
(Roche-Diagnostics, Shanghai, China) were used for these
markers. Tests were conducted according to the manufactur-
er’s instructions. Laboratory results for the neutrophil/lym-
phocyte ratio (NLR), platelet/lymphocyte ratio (PLR), C-
reactive protein/albumin ratio (CAR), lymphocyte/mono-
cyte ratio (LMR), and systemic immune-inflammation index
(SIT) were also collected.

2.4. Statistical Analysis. All statistical analyses were con-
ducted using SPSS, version 18.0 (SPSS Inc., 154 Chicago,
IL), and significance was set at .05 for all tests. For laboratory
parameters, common reference values were used to catego-
rize patients. Correlations between variables were examined
using the two-sided x? test or the t-test, where applicable.

3. Results

A total of 316 CRC patients were included in this study.
Demographic data, clinical features, and histological results
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TaBLE 1: Sequences of capture probes for CTC biomarker genes.

Gene

Sequences (5 '53")

EpCAM

CK8

CK18

CK19

Vimentin

Twist

CD45

TGGTGCTCGTTGATGAGTCAAGCCAGCTTTGAGCAAATGA
AAAGCCCATCATTGTTCTGGCTCTCATCGCAGTCAGGATC
TCCTTGTCTGTTCTTCTGACCTCAGAGCAGGTTATTTCAG

CGTACCTTGTCTATGAAGGAACTTGGTCTCCAGCATCTTG
CCTAAGGTTGTTGATGTAGCCTGAGGAAGTTGATCTCGTC
CAGATGTGTCCGAGATCTGGTGACCTCAGCAATGATGCTG

AGAAAGGACAGGACTCAGGCGAGTGGTGAAGCTCATGCTG
TCAGGTCCTCGATGATCTTGCAATCTGCAGAACGATGCGA
AGTCATCAGCAGCAAGACGCTGCAGTCGTGTGATATTGG
CTGTAGGAAGTCATGGCGAGAAGTCATCTGCAGCCAGACG
CTGTTCCGTCTCAAACTTGGTTCTTCTTCAGGTAGGCCAGC
TCAGCGTACTGATTTCCTCGTGAACCAGGCTTCAGCATC
GAGCGAGAGTGGCAGAGGACCTTTGTCGTTGGTTAGCTGG
CATATTGCTGACGTACGTCAGAGCGCCCCTAAGTTTTTAAA
GATTGCAGGGTGTTTTCGGGCCAATAGTGTCTTGGTAG

ACAATGACATCTAGGTCTCCCTGGTAGAGGAAGTCGATGTC

AACTGTTCAGACTTCTATCCCTCTTGAGAATGCATGCATTTTC

AGTGGCTGATTGGCACTTACCATGGGTCCTCAATAA
TCGCAATTCTTATGCGACTCTGTCATGGAGACAGTCATGTG
TATTTCCAGCTTCAACTTCCCATCAATATAGCTGGCATTTTG

TGCAGCAATGTATTTCCTACTTGAACCATCAGGCATC

DAPI E*

M* CD45* Composite

WBC

E*CTIC

M*CTC

E*/M*CTC

F1gure 1: EMT phenotypes of CTCs and white blood cells (WBCs)
were detected by RNA in situ hybridization in CRC patients. Cell
nuclei were stained with DAPI (blue). White blood cells (WBCs)
were detected using CD45 as the marker (white). Epithelial
circulating tumor cells (E* CTCs) were detected using EpCAM
and CK8/18/19 as markers (red); mesenchymal circulating tumor
cells (M™ CTCs) were detected with vimentin and twist as
markers (green) dots; E'/M" CTCs exhibited both epithelial and
mesenchymal markers (red and green) (Under x10 eyepiece and
x40 objective magnification. Scale bar = 5 ym).

are listed in Table 2. Of note, 46.8% of patients were classi-
fied as TNM stages III and IV, indicating various degrees
of lymph node involvement. There were 62 patients with
distant metastasis (stage IV), with 16 cases to the liver, 10
to the lungs, 13 to the peritoneum, 7 to the bone, and 16
to multiple sites.

Using CTC counts < 3 as negative detection and >3 as
positive detection, we found that total CTC counts were cor-

related with whether there was lymph node involvement but
were not correlated with TNM staging. In addition, there
was no relationship between total CTC counts and any of
the features such as history of smoking, tumor size, or histo-
logical grade (Table 3). As for CTC counts in patients with
different sites of metastasis, it seemed that metastasis to each
site was accompanied with higher numbers of patients with
positive CTC detection than with negative CTC detection
(Figure 2). However, since the numbers in the groups were
very small, we did not conduct any statistical analysis to
see if there were differences in CTC detection rates between
these groups.

Subsequent analyses were aimed to identify any potential
association of lymph node involvement or metastasis with
CTC subtypes. To determine whether CTC subtypes were
correlated with lymph node involvement or remote metasta-
sis, we first divided patients into two groups, one with lymph
node involvement and the other without, regardless of
tumor staging. Our analysis showed that there was a differ-
ence in mesenchymal CTCs (P < 0.05) while no difference
was found in the epithelial phenotype or the mixed pheno-
type between these two patient groups (Figure 3). Then, we
compared CTC subtype counts between patients with
remote metastasis (stage IV) and those without (stages I-
III) and found that there was a difference in mesenchymal
CTCs but not in epithelial or mixed CTCs between these
patients (P < 0.05) (Figure 4).

More CRC patients had CEA and CA 19-9 levels within
the reference ranges (<3.5ng/ml for CEA and <30 U/ml for
CA 19-9) than those with CEA and CA 19-9 levels exceeding
the reference ranges. Also, the levels of these two markers
were not associated with CTC counts (Table 4). Of the five
systemic inflammatory markers, PLR was positively
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TABLE 2: Baseline patients characteristics (n = 316).
Parameter Number of patients (%)
Sex
Male 202 (63.9%)
Female 114 (36.1%)
Age
<60 196 (62.0%)
>60 120 (38.0%)
Smoking
Yes 148 (46.8%)
No 168 (53.2%)
Tumor size
<3cm 110 (34.8%)
>3cm 206 (65.2%)
Differentiation
Poor 112 (35.4%)

Well and moderate 204 (64.6%)

Lymph node metastasis

Yes 108 (34.2%)
No 208 (65.8%)
TNM stage

I 58 (18.4%)
I 110 (34.8%)
I 86 (27.2%)
v 62 (19.6%)

correlated with CTC counts (P < 0.01), and LMR was nega-
tively correlated with CTC counts (P < 0.05), whereas none
of NLR, CAR, and SII showed any correlation with CTC
counts (Table 4).

4. Discussion

One of the major findings in the current study is that total
CTC counts were positively correlated with lymph node
involvement but not with TNM staging in CRC patients.
We were unable to identify any relationship between CTC
subtypes and specific sites of metastasis. A number of studies
have demonstrated that CTCs may serve as a prognostic tool
for CRC [5, 6]. Around the time of diagnosis, patients with
CTCs detected in peripheral blood face unfavorable out-
comes, compared with those without detectable CTCs [7,
8]. It is assumed that a significant portion of patients who
have undergone curative tumor resection still retain clini-
cally undetectable micrometastases or minimal residual dis-
ease, which may enter the circulation and become the
sources of later metastasis or recurrence [17, 18]. However,
very limited research has been conducted on possible links
between CTC subtypes and clinicopathological features in
CRC. Two studies using CTC detection methods similar to
ours have found that both total CTCs and mesenchymal
CTCs are closely associated with lymph node involvement
and CRC metastasis than other subtypes of CTCs [15, 16].
Our results suggest that mesenchymal CTCs are a more sen-
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sitive to predict lymph node involvement or distant metasta-
sis. Probably as a result of relatively small sample sizes,
neither of the two studies analyzed the relationship between
CTC counts and metastatic patterns. Although we had a
much larger sample, the number of cases for each site of
metastasis was still low. Given that other factors may
obscure the impact of CTC counts, if any, this issue remains
unsettled.

The demonstration in our study that patients with higher
counts of mesenchymal CTCs were more likely to have remote
metastasis further illustrates the important role EMT plays in
CRC dissemination. During EMT, epithelial tumor cells
acquire a mesenchymal phenotype through a highly coordi-
nated program that involves extracellular signals such as mul-
tiple growth factors and cytokines, transcription factors of
genes responsible for cell adhesion and mesenchymal differen-
tiation, and consequently molecules that confer a distinctive
epithelial or mesenchymal identity to the cells [19, 20]. We
used several common biomarkers for CTC subtyping to iden-
tify epithelial or mesenchymal features. EpCAM is often over-
expressed in epithelial tumor cells and interacts with cell
adhesion molecules including E-cadherin and claudins [21,
22]. Tt is known to regulate cell growth via the Wnt and
TGF-3 signaling pathways [23]. Ck8/18/19 are also abundant
markers present in epithelial cancers [24, 25]. Vimentin is a
major component of the intermediate filaments, and its
expression leads to increased cellular migration and invasion
[26, 27]. As a transcription factor, TWIST promotes the
downregulation of E-cadherin and upregulation of mesenchy-
mal markers such as fibronectin, N-cadherin, and vimentin
[28]. Its overexpression is associated with poor prognosis in
cancer patients [29, 30]. Of course, CTC counts and pheno-
types alone are not sufficient to determine whether tumor cells
will achieve successful colonization in distant organs, which
requires evasion of immune defenses and adaptation to the
tumor microenvironment.

In addition to biological processes required for remote
metastasis such as EMT, factors that influence the route
and site of CRC metastasis remain poorly understood.
EMT promotes the development of mesenchymal features
in tumor cells. However, CTCs may also undergo
mesenchymal-to-epithelial transition (MET), the reverse of
EMT, to colonize metastatic sites [31, 32]. The liver and
peritoneum are among the most common sites of CRC
metastasis, but the pathways to these organs may be different
[33]. Metastasis to the liver is thought to follow the typical
invasion-metastasis cascade, whereby primary tumor cells
first invade the surrounding local tissues and then intrava-
sate into the circulation [34]. After transporting to the dis-
tant organ site, they extravasate into the parenchyma of
the organ, adapt to the new environment, and resume prolif-
eration. In contrast, the spread to the peritoneum includes
detachment of primary tumor cells, local migration, adher-
ing to the peritoneal surface, infiltration into deep layers,
and proliferation [33, 35]. With either pathway, tumor cells
need to adopt EMT-related changes to survive the processes.
In order to examine whether CTC counts could indicate a
predilection for metastasis to specific organs, we divided
the patients into five groups based on the site of metastasis.
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TaBLE 3: Correlation between CTC detection and clinical and histological parameters.

Parameter Number of patients with >3 CTCs<3 P value R b

Smoking 0.19 o 1.69

Yes 120 28

No 126 42

Tumor size 0.29 — 1.14

<3cm 92 18

>3cm 162 44

Differentiation 0.99 o 0.001

Poor 90 22

Well and moderate 164 40

Lymph node involvement 0.01* 0.15 7

Yes 87 21

No 138 70

TNM stage 0.57 —_ 2.00

I 48 10

II 86 24

111 64 22

v 51 11

* indicates that the correlation was statistically significant. Only lymph node involvement was correlated with positive CTC detection.

30 4

25

20

15

CTC count (5 ml)

10

0 L T

Lung Liver

@ CTCs>3(5ml)
B CTCs <3 (5ml)

Bone Peritoneum

Multiple sites

FiGure 2: CTC counts in patients (n = 62) with different metastasis sites, including the lung (n = 10), liver (n = 16), bone (n = 7), peritoneum
(n=13), and multiple sites (n = 16). Each icon represents the average CTC count per patient. For each site of metastasis, most patients had

CTC counts > 3/5ml.

Although there were more CTC-positive cases than CTC-
negative cases in each group, the numbers of CTC-negative
cases were too small to allow meaningful statistical analysis.
Therefore, the value of CTCs in assessing organ-specific
metastasis needs to be further investigated.

Since inflammation has been suggested to play a critical
role in the development and metastasis of many types of
cancer, we included several systemic inflammatory parame-
ters and analyzed their potential association with CTCs in

this study. Our results showed that CTC counts were posi-
tively correlated with PLR and negatively correlated with
LMR but had no correlation with NLR, CAR, or SIL These
ratios reflect different aspects of interaction between
immune and inflammatory factors in response to tumor
development. Platelets suppress lymphocyte proliferation
through P-selectin, resulting in decreased proinflammatory
cytokine levels and increased anti-inflammatory cytokine
levels; so, its positive correlation with CTCs should be
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FiGure 3: CTC subtypes in CRC patients with (blue) or without
(red) lymph node involvement. Patients with lymph node
involvement had significantly higher M* CTC counts than those
without (*P <0.05), but there was no difference in E* or E*/M*
CTC counts between the two groups.
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F1GURE 4: CTC subtypes in CRC patients with (stage IV) or without
(stages I-IIT) distant metastasis. Patients with distant metastasis had
significantly higher M™ CTC counts than patients without distant
metastasis (*P < 0.05).

expected [36, 37]. In addition, the lymphocyte count indi-
cates antitumor immunity while monocytes, especially those
that differentiate into tumor-associated macrophages, are
considered to favor tumor growth and metastasis [38].
Therefore, a high LMR is also consistent with a high CTC
count. On the other hand, although many studies have
reported strong associations of a high NLR and a high
CAR with adverse survival and of high SII levels with
improved outcomes for cancer patients, including those with
CRC [39-41], we were unable to confirm these findings. As
pointed out by others, the overall data supporting these sys-
temic inflammatory parameters as strong prognostic indica-
tors for CRC are less than convincing, probably due to a lack
of a clear understanding of the immune and inflammatory
processes underlying tumor pathophysiology and discrepan-
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TaBLe 4: Correlation between CTC detection and systemic
inflammatory markers.

Parameter patli\izlrllr:;bxfrgtﬁi ; CTCs<3 Pvalue R X
CEA 0.4 — 072
<3.5ng/ml 178 40

>3.5ng/m 76 22

CA 19-9 0.13 — 229
<30 U/ml 190 52

>30 U/ml 64 10

NLR 0.49 — 049
<2.3 160 42

>2.3 94 20

PLR 0.001* 021 144
<1325 142 18

>132.5 112 44

CAR 0.49 — 047
<0.2 214 50

>0.2 40 12

LMR 0.004* -0.16 8.34
<44 102 44

>4.4 142 28

SO 0.09 — 294
<3729 128 46

>372.9 116 26

*

indicates that the correlation was statistically significant. PLR showed a
positive correlation (P <0.01), and LMR showed a negative correlation
(P <0.05) with positive CTC detection.

cies in research designs and evaluation criteria employed by
different studies [42].

There were some limitations in our study. As a conve-
nient and minimally invasive technology, CTC detection
has proved to be a viable alternative biopsy option, but the
method we used is based on mRNAs of epithelial and mes-
enchymal markers and may not reflect protein expression.
Moreover, aneuploidy of chromosomes, especially 7 and 8,
is often seen in CRC [43, 44]. An integrated approach, which
comprises subtraction enrichment and immunostaining-
fluorescence in situ hybridization and takes into account of
cell morphology, proteins, and nucleic acids, has been intro-
duced to maximize the accuracy of CTC detection [45]. Also,
although our study confirmed that patients with high total
CTC counts or with high mesenchymal CTCs were more
likely to have lymph node involvement and was among the
very few with relatively large samples of CRC patients, its
cross-sectional design prevented us from accurately estimat-
ing the predictive value of CTCs for CRC outcomes. Other
studies have used CTC detection to monitor survival and
recurrence and to examine the efficacy of treatment regi-
mens, but differences in the time of sample collection, choice
of methods, follow-up lengths, and cut-oft values have pro-
duced inconsistent results. Hopefully, further research may
overcome these deficiencies and also consider combining
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other biomarkers to realize more accurate assessment of
prognosis and therapeutic efficacy.

In conclusion, available studies, including ours, have dem-
onstrated that CTC detection may provide a convenient tool
for the diagnosis and treatment planning of CRC. Subtyping
of CTCs is an especially promising approach to the prediction
of clinical outcomes because of the increasingly recognized
role of EMT in tumor dissemination. For a better understand-
ing of the value of CTC detection and subtyping in CRC man-
agement, more rigorous evidence needs to be obtained,
preferably through improved research designs, standardized
detection protocols, and follow-up of large cohorts.
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