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Abstract: Objective: To evaluate the expression of tumor stem cell marker CD133 in peripheral blood circulating
tumor cells (CTC) and the value of CD133 in prognosis of patients with colorectal cancer (CRC). Methods: Preopera-
tive/pre-chemotherapy peripheral blood samples of 63 patients with CRC from January 2016 to January 2021 were
selected to detect peripheral blood CTC by CanPatrol CTC enrichment technology. Expression of CD133 in different
epithelial-mesenchymal transition (EMT) typing CTC was analyzed. Clinical data (including tumor size, tumor stage,
pathological typing, molecular typing, lymph node metastasis, distant metastasis, carcinoembryonic antigen (CEA),
and CA-199 expression), PFS time and OS time were followed up. The expression of CD133 in different CTCs was
compared, and the correlation between CD133 and patient survival time was compared. Results: The positive rate
of E-CTC in patients with tumor diameter 25 cm was significantly higher than that of patients with tumor diameter
<5 cm (P=0.035). The positive rate of M-CTC in patients with diabetes was significantly higher than that of patients
without diabetes (P=0.006). The CD133-positive M-CTCs were significantly higher in DM and CEA>5 ng/mL patients
than in non-DM and CEA<5 ng/mL patients (P<0.001, P=0.0195). Fifty-five patients were followed up for a median
of 14 months. During follow-up, 19 had disease progression and five died. According to the cutoff point obtained by
ROC analysis, the PFS of M-CTC>2.5/5 ml patients (0%) was lower than that of <2.5/5 ml patients (76.5%), P<0.05.
PFS in patients with CD133-positive M-CTC>0.5/5 mL (18.6%) was lower than in patients with <0.5/5 ml (76.5%),
P<0.05. However, thedifference in the OS between patients with CD133-positive M-CTC>0.5/5 ml (71.7%) and
those with <0.5/5 ml (93.8%), was not significant, P=0.054. Conclusion: CD133 positive M-CTC is closely related
to distant metastasis in CRC. The expression of CD133 in CTC, especially in M-CTC, can be used as a prognostic
indicator for colorectal cancer.
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Introduction neous and aggressive nature of the tumor, high
cost and limited applicability in therapeutic
monitoring. Liquid biopsy is a non-invasive

examination that can provide important diag-

Colorectal cancer (CRC) is the second leading
cause of cancer-related deaths [1]. Most CRC

patients die from advanced disease or relapse,
mainly because of tumor metastasis [2]. CRC
metastasis is a complex process made up of
several steps involving multiple factors, and
there is a need to better understand the drivers
and mechanisms of CRC metastasis in order
to develop strategies for better treatment or
improved prognosis. The diagnosis and progno-
sis monitoring of CRC depend largely on tissue
biopsy. However, liquid biopsies are a problem
in CRC due to limitations such as the heteroge-

nostic and prognostic information in many ty-
pes of cancer [3]. Circulating tumor cells (CTC)
in liquid biopsy are precursors of metastasis
and show promise in the detection and diagno-
sis of primary tumors [4]. Existing studies have
proven that CTC are closely related to a variety
of clinicopathologic factors, that can predict a
high risk of metastasis of different solid can-
cers (including breast cancer, hepatocellular
carcinoma and ovarian cancer) [5-7]. In addi-
tion, CTCs are characterized by epithelial-mes-
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Table 1. Epithelial Circulating Tumor Cell (E-CTC) distribu-

tion and baseline characteristics of patients [n (%)]

dict the survival of CRC patients. In
patients with metastatic castration-

sensitive prostate cancer, CD133-

21(n=30E) CTfl(n=33) P positive circulating tumor cells pre-
A dict worse progression-free survival
ge (years) L .
>60 20 (66.67) 15 (45.45) 0.091 [12]. €D133 (promlnlnl—i) Is.a cancer
stem cell (CSCs) specific biomarker.
<60 10(33.33) 18(54.55) CD133 is also expressed on many
Gender cancer cells, and CD133+ cells iso-
Male 19(63.33) 22(66.67) 0.782 lated from tumors can grow spheri-
Female 11(36.67) 11(33.33) cally for a long time or in xenograft
Maximum diameter of the tumor models. CD133 can promote angio-
25cm 17 (62.96) 10 (37.04) 0.035 genesis by activating the Wnt signal-
<5cm 13(36.11) 23 (63.89) ing pathway [13]. In CRC, the surface
TNM stage marker CD133 for CSCs is consid-
HI 2(6.67) 5(15.15) 0.504 ered a target for drug therapy [14].
M-IV 28(93.33) 28 (84.85) Therefore, exploring the expression
Degree of differentiation of CTC by CD133 has significance
High 3(10.0) 2(6.06) 0.763 for the prognosis of CRQ patients.
Intermediate 23 (76.67) 25 (75.76) Based on the above evidence, we
Low 4(1333) 6(1818) specu.latfe. that CD13_3-p03|t|ve CTC
) ) can significantly predict the progno-
Lymphatic metastasis sis of CRC patients. To confirm this
Yes 26(86.67) 27(81.82) 0.599 hypothesis, clinical data were pro-
No 4(13.33) 6(18.18) spectively collected from patients
Distant metastasis with colorectal cancer who under-
Yes 6(20.0) 11(33.33) 0.234 went peripheral blood circulating
No 24 (80.0) 22 (66.67) tumor cytology.
CEA
<5 ng/mL 26 (86.67) 26(78.79) 0.411 In terms of CTC detection, many
>5 ng/mL 4(13.33) 7(21.21) studies have confirmed that Can-
CA-199 Patrol CTC enrichment technology is
<35 U/mL 26 (86.67) 26(78.79) 0.411 a br_eakthrough in conventjonal dg-
>35 U/mL 4(1333) 7 (21.21) tection methods, and has high sensi-

CEA, carcinoembryonic antigen.

enchymal transition (EMT), which increases cell
viability and invasion potential in cancer. Mul-
tiple studies have shown that the prognostic
value of mesenchymal CTC (M-CTC) is higher
than the total number of CTC, and it is positively
correlated with cancer progression and low
survival of patients [8, 9]. Therefore, breaking
down the phenotypic characteristics of CTC
can provide more information about CRC
metastasis.

Research has suggested that the phenotype
and molecular characteristics of CTC are valu-
able for CRC diagnosis and prognosis [10, 11].
For example, Fang et al. [11] found that CD133-
positive CTC may be closely related to liver
metastasis in CRC patients, but this study did
not indicate whether CD133+ CTC could pre-
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tivity for CTC detection and EMT typ-
ing identification. This technique can
identify epithelial CTC (E-CTC), mes-
enchymal CTC (M-CTC), and mixed E/M-CTC,
with a high detection rate and a more com-
prehensive detection of all types of CTC [15].
Based on this, in order to further explore
the influence of CD133 expression in CTC on
the prognosis of CRC, this study adopted
CanPatrol® novel CTC typing detection technol-
ogy to analyze the expression of CD133 in dif-
ferent subtypes of CTC and its correlation with
prognosis.

Materials and methods
Study population

In this study, a retrospective analysis method
was used to collect the clinical data of 63
patients with CRC who underwent peripheral
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Table 2. Mesenchymal Circulating Tumor Cell (M-CTC) dis-

Data collection and follow-up

tribution and baseline characteristics of patients [n (%)]

Age, maximum tumor diameter, tumor

M-CTC
~ ~ P stage, degree of differentiation, lym-
26 boars) 21(n=34) <1(n=29) ph node metastasis (LNM), distant
metastasis (DM), carcinoembryonic
260 17(50.0) 18(62.07) 0.337 antigen (CEA), and cancer antigen
<60 17(50.0) 11 (37.93) 199 (CA-199), surgical options, che-
Gender motherapy regimen, CTC and CD133
Male 21 (61.76) 20 (68.97) 0.109 detection results, progression-free
Female 13 (38.24) 9(31.03) survival (PFS) time, and overall sur-
Maximum diameter of the tumor vival (OS) time were gathered. All the
>5cm 12 (35.29) 15 (51.72) 0.189 patients were treated with surgery
<5 cem 22 (64.71) 14 (48.28) and chemotherapy. Chemotherapy
regimens include 5-fluorouracil +
TNM stage folinic acid + oxaliplatin regimen
HI 1(2.94)  6(2069) 0067  q FoxE) modified FOLFOX6 regi-
-V 33(97.06) 23(79.31) men (MFOLFOX6), and three-times
Degree of differentiation weekly capecitabine and oxaliplatin
High 2(5.88) 3(10.34) 0.473 regimen (XELOX). The follow-up was
Intermediate 25(73.53) 23(79.31) conducted from the time after diag-
Low 7(20.59) 3(10.34) nosis for enrolled patients. Follow-up
Lymphatic metastasis included health examination, CEA
Yes 31(91.18) 22(75.86) 0.097 monitoring, CA-199 monitoring, ab-
No 3(8.82) 7 (24.14) dominal and/or pelvic ultrasound,
Distant metastasis chegt X-ray, che§t, abdominal and/or
Yes 14(82.35) 3(17.65) 000s  PelVic computerized tomography (CT)
or magnetic resonance imaging (MRI),
No 20(43.48) 26(56.52) and colonoscopy. Follow-up time:
CEA Every 90 days after initial diagnosis
<5 ng/mL 27 (79.41) 25(86.21) 0.479 and treatment until May 2022. Ter-
25 ng/mL 7(20.59) 4(13.79) mination of follow-up: The follow-up
CA-199 deadline was reached, or contact was
<35 U/mL 28 (82.35) 24 (82.76) 0.966 lost, or death was reported. Follow-up
>35 U/mL 6(17.65) 5 (17.24) method: Patients returned regularly

CEA, carcinoembryonic antigen

blood circulating tumor cytology in the De-
partments of Gastroenterology and Urology of
Hunan Cancer Hospital from January 2016 to
January 2021. Male to female ratio was 41 vs
22. Age range was 32 to 70 years old, avera-
ge 59.73+10.76 years old. Inclusion criteria:
Patients with pathologic diagnosis of colorectal
cancer, and patients with complete clinical
data. Exclusion criteria: Patients with malignant
tumors at other sites, or patients who had
received anti-cancer therapy or had their mass
removed prior to admission. This study was
approved by the Ethics Committee of the
Affiliated Cancer Hospital of Xiangya Medical
College, Central South University (Ethics num-
ber: KY2022305).
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for follow-up according to each
outpatient or hospitalization visit.
Patients who failed to return to the
clinic were followed up by telephone. The total
follow-up rate was 96.0%. The main study indi-
cators were progression-free survival (PFS) and
overall survival (0S), and the formula for calcu-
lating OS was: 0S = (number of surviving cases
after n months of follow-up/number of cases at
the beginning of follow-up) x 100%.

CTC detection and CD133 detection

CTC was detected by CanPatrol® CTC enrich-
ment technique. The method consists of two
main steps, first isolating CTC and then detect-
ing EMT markers (EpCAM and vimentin) using
RNA In Situ Hybridization (ISH). Specific steps:
5 ml of fasting venous blood was collected and
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Table 3. Mixed Epithelial/Mesenchymal Circulating Tumor Cell
(E/M-CTC) distribution and baseline characteristics of patients

[n (%)]
E/M-CTC
>1 (n=49) <1 (n=14)
Age (years)
>60 23 (46.94) 12(85.71) 0.023
<60 26 (53.06) 2(14.29)
Gender
Male 33(67.35) 8(57.14) 0.480
Female 16 (32.65) 6 (42.86)
The maximum diameter of the tumor
>5cm 19(38.78) 8(57.14) 0.221
<5cm 30 (61.22) 6(42.86)
TNM stage
Il 5(10.20) 2(14.29) 0.668
-v 44 (89.80) 12 (85.71)
Degree of differentiation
High 3(6.12) 2(14.29) 0.608
Intermediate 38 (77.55) 10 (71.43)
Low 8(16.33) 2 (14.29)
Lymphatic metastasis
Yes 43 (87.76) 10(71.43) 0.140
No 6 (12.24) 4 (28.57)
Distant metastasis
Yes 15 (88.26) 2(14.29) 0.225
No 34 (73.91) 12(85.71)
CEA
<5 ng/mL 40 (81.63) 12(85.71) 0.565
>5 ng/mL 9(18.37) 2(14.29)
CA-199
<35 U/mL 40 (81.63) 12(85.71) 0.565
>35 U/mL 9 (18.37) 2(14.29)

CEA, carcinoembryonic antigen.

Fisher Scientific). Finally, the CTC
from each patient were grouped
according to the identification of
the markers. Patients were
defined as CTC-positive if 21 CTC
was observed per 5 ml of blood.
The procedure before the detec-
tion of CD133 expression in CTC
were the same as above. On the
basis of CTC enrichment, CD133
mRNA probe was used, which
was labeled purple by fluorescent
labeling probe.

Outcome measures

First, the clinical features of
colorectal cancer with different
EMT types of CTC were compared.
Then, the correlation between
CD133 expressions of different
CTC and clinical features of
colorectal cancer was analyzed.
Finally, the correlation between
positive CD133 and progression-
free survival in colorectal cancer
patients was analyzed.

Statistical methods

SPSS 26.0 statistical software
was used to process data. Stu-
dent’s t test was used to contrast
the means of two groups, the
rank-sum test was used to con-
trast the median of the two
groups, and the one-way analysis
of variance was used to contrast
the means of three or more

placed into EDTA anticoagulant tube and stored
at indoor temperature. Venous blood samples
were treated with red blood cell lysis buffer
(Solarbio, China) within 4 h of collection and fil-
tered with 8 ym diameter pore calibration
membranes (EMD Millipore) to enrich CTC.
Then, the CTC were subjected to ISH with a
combination of epithelial (EpCAM and CK8/
CK18/CK19) and mesenchymal (Vimentin
and Twist Family BHLH Transcription Factor 1
(TWIST1)) markers. Finally, the samples were
stained with DAPI (Solarbio, China) for 5 min
and analyzed with an automated imaging fluo-
rescent microscope (EVOS FL Auto, Thermo

3492

groups. Comparing the two groups: when the
theoretical frequencies (T) =5, the x? test was
used, when 1<T<5, the continuous corrected x>
test was used, and when the T<1, Fisher’s exact
test was used. Receiver operator characteristic
curve (ROC) analysis was used to determine the
best cutoff points of CTC and M-CTC for dividing
patients into favorable and unfavorable prog-
nostic groups based on CTC number and M-CTC
number. The Kaplan-Meier analysis was used
to establish PFS and OS models, and the log-
rank test was used to contrast the survival
rates of two groups. Multiple variate Cox regres-
sion was used to analyze the prognostic factors

Am J Transl Res 2023;15(5):3489-3499
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Table 4. CD133 positive Epithelial Circulating Tumor Cells Results

(E-CTC) and baseline characteristics of patients [n (%)]

CD133 positive E-CTC

Correlation between different

>1(n=22) <1 (n=41)

EMT types of CTC and clinical

factors of CRC

Age (years)
260 16 (72.73) 19(46.34) 0.045 CTC was detected in all patients,
<60 6(27.27) 22 (53.66) and the positive rate of E-CTC was
Gender 47.62% (30/63), M-CTC was
Male 14 (63.64) 27 (65.85) 0.860 53.97% (34/63) and mixed E/M-
Female 8(36.36) 14 (34.15) CTC was 77.78% (49/63). The

The maximum diameter of the tumor

positive rate of E-CTC in patients
with tumor diameter >5 cm was

>5 cm 13(59.09) 14 (34.15) 0.056 ith 1 : _
<5cm 9(40.91) 27 (65.85) significantly higher than that in
TNM stage patients with tumor diameter <5
cm (P=0.035, Table 1). The posi-
-1 2 (9. 12.2 7
(9:09) 5 ( 0) 0.709 tive rate of M-CTC in patients
H-1Iv 20(90.91) 36 (87.80)

Degree of differentiation
High 3(13.64)
Intermediate
Low 3(13.64)
Lymphatic metastasis

16 (72.72) 32 (78.05)

with diabetes was higher than
that in patients without diabetes
0.462 (P=0.006, Table 2). There was no
significant difference in the posi-
tive rate of mixed E/M-CTCs
among different maximum tumor

Yes 18(81.82) 35(85.37) 0.713 diameters, tumor stages, LNM,

No 4(18.18) DM, CEA, and CA-199 levels (all
Distant metastasis P>0.05, Table 3).

ves 3(13.64) 14(34.15) 0.080 Correlation between CD133 ex-

No 19(83.36) 27 (65.85) pression of different CTC pheno-
CEA types and clinical factors in CRC

<5 ng/mL 18 (81.82) 34 (82.93) 0.912

>5 ng/mL 4 (18.18) There was no significant differ-
CA-199 ence in CD133-positive E-CTC

<35 U/mL 18 (81.82) 34 (82.93) 0.912 among different tumor diameters,

=235 U/mL 4 (18.18)

tumor stage, LNM, DM, CEA ex-

CEA, carcinoembryonic antigen.

of patients with colorectal cancer. P<0.05 was
deemed significant. Cox regression model, also
known as proportional risk regression model, is
a semi-parametric regression model proposed
by British statistician D.R. Cox in 1972. The
model can be used to describe the influence of
multiple characteristics over time on mortality
at a certain time. This model takes survival out-
come and survival time as dependent vari-
ables, and then analyzes the influence of many
factors on survival time, by a typical multi-fac-
tor analysis method. Cox proportional risk
regression model can be expressed as:

h(t[X) = h, (t) * exp (B,x, + BX, +... + B X )

3493

pression, and CA-199 expression
levels (all P>0.05, Table 4). The
CD133-positive M-CTCs were sig-
nificantly higher in DM and CEA>5 ng/mL
patients than in non-DM and CEA<5 ng/mL
patients (P<0.001, P=0.019, as shown in Table
5). CD133-positive mixed E/M-CTC were not
correlated with maximum tumor diameter,
tumor stage, LNM, DM, CEA expression, or
CA-199 expression (all P>0.05, Table 6).

CD133 positive M-CTC predicts distant metas-
tasis

The AUC of M-CTC for predicting DM was 0.808
(95% Cl=0.671-0.944), P<0.001, cutoff point
=2.5. The AUC of CD133-positive M-CTC for
predicting lymph node metastasis was 0.878

Am J Transl Res 2023;15(5):3489-3499
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Table 5. CD133-positive Mesenchymal Circulating Tumor Cells
(M-CTC) and baseline characteristics of patients [n (%)]

tive M-CTC<0.5/5 mL group
(76.5%), P<0.05. No difference

CD133 positive M-CTC

was found in OS between the

21 (n=21) <1 (n=42)

P CD133 positive M-CTC>0.5/5

mL group (71.7%) and the

Ag:g)ears) . CD133 positive M-CTC<0.5/5 m
= (38.10) 27 (64.29) 0.049 group (93.8%), P=0.054, Figure
<60 13(61.90) 15(35.71) 2. Cox multivariate regression
Gender analysis showed that M-CTC and
Male 12 (57.14) 29(69.05) 0.350 CD133 positive M-CTC were not
Female 9(42.86) 13(30.95) risk factors for progression-free
The maximum diameter of the tumor survival and overall survival in
>5 cm 8(38.10) 19 (45.24) 0.589 patients with colorectal cancer
<5cm 13 (61.90) 23 (54.76) (all P>0.05, as shown in Tables

TNM stage 7, 8).

-1l 1(4.76) 6(14.29) 0.257 Di .
iscussion
-V 20 (95.24) 36 (85.71)

Degree of differentiation According to global cancer sta-
High 0(0) 5(11.90) 0.186 tistics in 2020, there were
Intermediate 16 (76.19) 32 (76.20) 560,000 new cases of CRC and
Low 5(23.81) 5(11.90) 290,000 deaths in China [1].

Lymphatic metastasis With the continuous develop-
Yes 18 (85.71) 35(83.33) 0.807 ment of medical technology, the

diagnosis rate and treatment
_NO ) 8 (14.29) effect of CRC have significantly

Distant metastasis improved. However, the rate of
Yes 14 (82.39) <0.001 distant metastasis is relatively
No 7(15.22) 39(84.78) high in patients with CRC, and

CEA the 5-year survival rate is re-
<5 ng/mL 14 (33.33) 38(66.67) 0.019 duced in patients with distant
>5 ng/mL 7 (63.64) 4(36.36) metastasis [16]. Among patients

CA-199 with CRC undergoing radical sur-
<35 U/mL 15 (71.43) 37 (88.10) 0.100 gery, 20%-45% are still likely to

>35 U/mL 6 (28.57)

5(11.90)

have recurrence or DM [17].

CEA, carcinoembryonic antigen.

(95% Cl=0.761-0.995), P<0.001, cutoff point
=0.5; Figure 1.

Correlation between CD133 expression and
PFS in patients with CRC

55 patients were followed up, and the follow-up
rate was 87.30%. The median follow-up time
was 14 months. In the follow-up period, 19
patients had disease progression and 5 pa-
tients died. According to the cutoff point ob-
tained by ROC analysis, the PFS of M-CTC>2.5/5
ml group (0%) was lower than that of
M-CTC<2.5/5 mL group (76.5%), P<0.05. The
PFS of CD133 positive M-CTC>0.5/5 ml group
(18.6%) was lower than that of the CD133 posi-

3494

Thus, distant metastasis was
considered to be a vital prognos-
tic factor for CRC and a major
cause of cancer-related death in CRC patients
[18]. Therefore, early and precise prediction of
cancer metastasis is valuable for improving the
prognosis of CRC patients.

At present, auxiliary diagnosis, efficacy evalua-
tion and prognostic monitoring methods of CRC
mainly include detection of serum tumor mark-
ers [such as CEA and CA-199], imaging exami-
nation [such as CT, PET-CT, MRI, ultrasound],
endoscopy, and pathologic biopsy. However,
the above examination methods have some
shortcomings. For example, the increase in
CEA level indicates the existence of malignant
tumors such as gastrointestinal tumor, urinary

Am J Transl Res 2023;15(5):3489-3499
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Table 6. CD133 positive Epithelial/Mesenchymal Circulating
Tumor Cells (E/M-CTC) and baseline characteristics of patients

possibility of repeated sampling,
more trauma, difficult sampling

[n (%)] of special sites, some false neg-
CD133 positive E/M-CTC atives, and inability to dynami-
>1 (n=44) <1 (n=19) cally monitor. Therefore, it is ur-

Age (years) gent to find a biological index

>60 20 (45.45) 15 (78.95) 0.014 ::sr:itgf” e?f?;zg t‘éymn(;rmizrl:;"
<60 24 (54.55) 4 (21.05) X ’
and evaluate prognosis.

Gender

Male 30(68.18) 11 (57.89) 0.432 It was found that after EMT,
Female 14 (31.82) 8(42.11) the protein expression of the
The maximum diameter of the tumor original epithelial phenotype was
>5cm 17 (38.64) 10 (52.63) 0.303 down-regulated, while the pro-
<5cm 27 (61.36) 9 (47.37) tein expression of the mesenchy-

TNM stage mal phenotype was up-regulat-

-1l 5(11.36) 2(10.53) 0.923 ed. In other words, cells suffered
-V 39 (88.64) 17 (89.47) loss of cell polarity, thus enhanc-
Degree of differentiation ing the transport capacity of
High 3(6.82) 2(10.53) 0.881 cells, .making them shed from
Intermediate 34(77.27) 14 (73.68) the or_lglnal tumor tissue or enter
Low 7(1591) 3 (15.79) the cwcglatory system tp form

) ] CTC, laying the foundation for
Lymphatic metastasis distant metastasis of tumors
Yes 38(86.36) 15(78.95) 0.460 [20]. To date, in several studies,
No 6(13.64) 4(21.09) CTC have been considered a
Distant metastasis potential noninvasive diagnostic
Yes 15(34.09) 2(10.53) 0.053 and prognostic marker for meta-
No 29 (65.91) 17 (89.47) static CRC. A meta-analysis pub-
CEA lished in 2013 [21] showed that
<5 ng/mL 35(79.55) 17 (89.47) 0.341 CTC positive mCRC patients had
>5 ng/mL 9(20.45) 2(10.53) poor OS and PFS. Similarly,

CA-199 Connor et al. [22] demonstrated

<35 U/mL 35(79.55) 17(89.47) 0341  that hepatic venous chamber
>35 U/mL 9(20.45) 2 (10.53) CTC count in patients with CRC

CEA, carcinoembryonic antigen.

liver metastasis was associated
with poor DFS and OS. In addi-
tion, Wu et al. [23] compared

tract tumor, breast carcinoma, and lung carci-
noma, but an increase in CEA level also occurs
in benign lesions such as colitis and pancreati-
tis. In addition, the serum CEA level of patients
with chronic illness such as cardiovascular and
cerebrovascular diseases and diabetes melli-
tus is increased [19], indicating that the speci-
ficity of CEA is not high. Although imaging
examinations such as CT, MRI, PET-CT, and
endoscopy can visually display tumor lesions,
they cannot find occult, metastatic or small
postoperative residual lesions without a time
lag. Tissue biopsy is the gold standard for the
diagnosis of CRC, but tissue biopsy has the

3495

the correlation between CTC types and tumor
metastasis, and the results demonstrated that
M-CTC type was more strongly related to tumor
metastasis than other CTC types. Likewise, a
study by Zhong et al. [24] demonstrated that
M-CTC were correlated with tumor size, TNM
stage, vascular invasion and CEA, and M-CTC
were related to poor DFS. A meta-analysis pub-
lished in 2018 [25] demonstrated that CTC
were highly related to worse survival and inva-
sive disease progression. In addition, subgroup
analysis showed that CTC-positive patients also
had worse PFS and OS. In this study, it was
found that interstitial CTCS were correlated

Am J Transl Res 2023;15(5):3489-3499
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1.0 p—
O
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Figure 1. Receiver operator characteristic curve
(ROC). The red line is the number of CD133-positive
mesenchymal circulating tumor cells (CD133+ M-
CTC), while the blue line is the number of mesenchy-
mal circulating tumor cells (M-CTC).

with distant metastasis in colorectal cancer
patients, that is, the positive expression rate of
M-CTC in patients with distant metastasis was
higher than that in patients without distant
metastasis, which was consistent with previous
studies. The positive expression rate of M-CTC
increased with the progression of colorectal
cancer. In addition, the progression-free surviv-
al rate in patients with >2.5/5 ml M-CTCs was
significantly lower than that of patients with
<2.5/5 ml M-CTCs, suggesting that M-CTCs
may be important for prognostic evaluation of
patients with colorectal cancer.

CD133 is one of the most characteristic bio-
markers for the isolation of CSCs and is consid-
ered a target for the treatment of CRC [26]. In
order to further analyze the expression of
CD133 in CTC and the effect of CD133 expres-
sion on the prognosis of CRC, this research
detected the positive expression of CD133. The
results showed that CD133 positive M-CTC
were closely related to distant metastasis and
CEA expression in CRC patients. The PFS of
patients with CD133 positive M-CTC>0.5/5 ml
(18.6%) was lower than that of patients <0.5/5
ml (76.5%). In a study of the clinical significance
of CD133, CD24, and CD44 RNA expression in
CRC, it was found that high CD133-/low CD24-
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tumor had worse disease-specific survival and
0S, and higher rate of relapse. Li et al. [27]
found that CD133 knockout reduced epithelial-
mesenchymal transformation and finally inhib-
ited the invasion of colon cancer, which may be
an effective treatment for colon cancer. These
results indicated that positive CD133 expres-
sion could be used as a prognostic marker for
CRC.

Cox multivariate regression analysis showed
that M-CTC and CD133 positive M-CTC were
not risk factors for progression-free survival
and overall survival in patients with colorectal
cancer. Apossible reason is that the sample
size required for risk factor analysis is large,
while the sample size in this study is small, and
the results obtained may be different from the
results of Kaplan-Meier analysis. Therefore, the
value of CTC in clinical characteristics still
needs to be further verified through prospec-
tive, large sample and multicenter clinical
studies.

Conclusion

This study preliminarily suggests that M-CTC is
related to distant node metastasis in patients.
CD133 positive M-CTC is associated with PFS
and can be used as a prognostic indicator for
patients. Due to the limitations of the research
time of this project, only short-term follow-up
records were recorded. If time permits in the
future, we will further expand the sample size
and long-term follow-up time.
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Figure 2. Survival analysis: A: Comparison of progression-free survival between patients with mesenchymal circu-
lating tumor cells (CTC) >2.5/5 ml and mesenchymal CTC<2.5/5 ml; B: Comparison of progression-free survival
between CD133-positive mesenchymal CTC>0.5/5 ml and CD133-positive mesenchymal CTC<0.5/5 ml; C: Com-
parison of overall survival between patients with mesenchymal CTC>2.5/5 ml and mesenchymal CTC<2.5/5 ml; D:
Comparison of overall survival between CD133-positive mesenchymal CTC patients >0.5/5 ml and CD133-positive
mesenchymal CTC<0.5/5 ml patients.

Table 7. Cox regression analysis of progression-free survival

B S.E. Walds  df P Exp (B) 95.0% Cl lower 95.0% Cl upper
M-CTC 1202 0913 1734 1 0.188 3.326 0.556 19.901
CD133 positive M-CTC  0.400 0.968 0.170 1 0.680 1.491 0.224 9.945

Notes: M-CTC is Mesenchymal Circulating Tumor Cells.

3497 Am J Transl Res 2023;15(5):3489-3499



CTC and CD133 for prognosis of colorectal cancer

Table 8. Cox regression analysis of overall survival

B S.E. Walds  df P Exp (B) 95.0% Cl lower 95.0% Cl upper
M-CTC 1.045 1.050 0991 1 0.319 2.845 0.363 22.278
CD133 positive M-CTC  -0.750 1.114 0.453 1 0.501 0.473 0.053 4.193

Notes: M-CTC is Mesenchymal Circulating Tumor Cells.
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