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Abstract: Objective: To investigate the expression of tumor stem cell marker CD24 in peripheral blood circulating
tumor cells (CTCs) of breast cancer and the value of CTCs in predicting the prognosis of breast cancer patients.
Methods: Clinical data of 102 breast cancer patients from January 2015 to December 2019 were retrospectively
collected. CTC test results, CD24 test results, tumor size, tumor stage, pathological type, molecular type, lymph node
metastasis, survival time, and survival status of patients were collected. The correlation between the expression of
CD24 in peripheral blood CTCs of breast cancer and the survival time of patients was analyzed. Results: Epithelial-
CTCs were closely related to estrogen receptor (ER) expression (P = 0.036) and TNM stage (P = 0.018). Mixed
epithelial/mesenchymal-CTCs were closely related to lymph node metastasis in breast cancer patients (P = 0.026).
There was no obvious correlation between mesenchymal-CTCs and clinical characteristics (P > 0.05). The positive
expression rate of CD24 in CTCs was 58.82% (60/102). The number of CD24-positive CTCs was closely related to
TNM stage (P = 0.002), lymph node metastasis (P = 0.020), and tumor size (P = 0.025). The cumulative survival
rate of patients with CD24-positive CTCs > 1.5/5 ml (73%) was significantly worse than that of patients with CD24-
positive CTCs < 1.5/5 ml (88%) (P < 0.05). There was no significant difference in the cumulative survival rate be-
tween patients with mixed-CTCs > 2.5/5 ml (72%) and patients with mixed-CTCs < 2.5/5 ml (87%) (P = 0.336). The
cumulative survival rate of patients with CD24-positive mixed-CTCs > 0.5/5 ml (72%) was significantly lower than
that of patients with CD24-positive mixed-CTCs < 0.5/5 ml (92%) (P < 0.05). Conclusion: The positive expression of
CD24 in CTC is closely related to TNM stage, lymph node metastasis, and tumor size in breast cancer patients. The
positive expression of CD24 in CTCs, especially in mixed-CTCs, may be one of the prognostic indicators for patients
with early and intermediate stage breast cancer.
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Introduction circulating tumor cells (CTCs) has shown prom-
ise in detection and diagnosis of breast cancer

Breast cancer is one of the most common [3]. CTCs are shed from the primary tumor

malignancies in women [1], and despite signifi-
cant advances in treatment regimens, screen-
ing, and surveillance, the risk of disease recur-
rence persists for years after diagnosis [2].
Local and systemic breast cancer recurrence
can be difficult to detect early due to the lack of
relevant clinical symptoms and limitations of
radiologic detection. Therefore, there is consid-
erable interest in novel noninvasive methods
for predicting breast cancer prognosis.

Liquid biopsy is a non-invasive technique that
can yield important diagnostic, therapeutic,
and prognostic information in many types of
cancer. A component of liquid biopsies called

site and enter the circulation through the blood
or lymphatic system. Epithelial-mesenchymal
transition (EMT) can occur when tumor cells
enter the peripheral blood circulation. Nume-
rous studies have shown that epithelial-mesen-
chymal transition (EMT) is a key biologic pro-
cess for tumor cells to acquire the ability to
invade and metastasize [4]. The expression of
CTC epithelial markers wis down-regulated or
even disappears during EMT. According to the
expression of EMT markers, CTCs can be divid-
ed into epithelial type (epithelial-CTCs), mesen-
chymal type (mesenchymal-CTCs) and mix-
ed epithelial/mesenchymal type (mixed-CTCs).
Some scholars have carried out EMT typing of
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CTCs enriched in peripheral blood of breast
cancer patients by multiplex RNA in situ hybrid-
ization, and found that interstitial CTCs are
more related to tumor progression and treat-
ment tolerance [5].

CD24 is a highly glycosylated glycosylphospha-
tidylinositol-anchored surface protein that is
overexpressed in various cancers [6-8]. In
breast cancer, the expression of CD24 was sig-
nificantly higher in invasive cancer than in nor-
mal tissues [9]. Expression of CD24 on the cell
surface and in the cytoplasm was associated
with tumor size, histologic grade, lymph node
positivity, and poor prognosis [10]. However, no
study has yet evaluated the correlation be-
tween the expression of CD24 in CTCs and the
prognosis of breast cancer. In terms of CTC
detection, CanPatrol's second-generation CTC
enrichment technology breaks through conven-
tional detection methods, has high sensitivity
for CTC detection and EMT typing and identifi-
cation, and can identify and detect CTCs of
epithelial type, mesenchymal type, and mixed
type. CanPatrol has the characteristics of high
detection rate and comprehensive detection of
all types of CTCs. Based on this, in order to fur-
ther explore the influence of CD24 expression
on CTCs for early and middle stage breast can-
cer prognosis, we used CanPatrol CTC typing
detection technology We analyzed the expres-
sion of CD24 in different subtypes of CTCs and
its correlation with prognosis.

Materials and methods
Patient samples

The clinical data of 102 breast cancer pati-
ents who underwent peripheral blood circulat-
ing tumor cytology test in the Department of
General Surgery, the Second Xiangya Hospital
of Central South University from January 2015
to December 2019 were retrospectively col-
lected. All of them were female, and their age
was 48.41+10.09 years old (27-75 years old).
Inclusion criteria: (1) Patients with pathologi-
cally confirmed breast cancer. (2) Patients with
tumor node metastasis (TNM) Stage O-Stage
lll. (3) Patients between 20 and 80 years old.
(4) Patients with no contraindications to che-
motherapy. (5) Patients with no history of malig-
nant tumors in other organs. Exclusion criteria:
(1) Patients with inflammatory breast cancer or
breastfeeding breast cancer. (2) Patients with
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incomplete clinical data. (3) Patients in whom
the mass had been removed prior to ad-
mission.

Follow-up of patients began after diagnosis.
The content of follow-up included the general
condition of the patient, palpation of the affect-
ed chest wall (affected breast in breast-con-
serving patients), palpation of the contralateral
breast, mammography of the breast, ultraso-
nography of bilateral supraclavicular fossa and
axillary fossa, CT examination of the lungs, B
ultrasound examination of liver and gallbladder,
ultrasonography of uterus and adnexa, blood
routine, hepatic and renal function examina-
tion, and the review of CTC detection. Follow-up
time: After diagnosis, the patients were fol-
lowed up every 3 months until December 2021.
Follow-up methods: Patients were regularly
revisited and followed up according to the
data during each outpatient or hospitalization
period. Patients who could not be followed up
face to face were followed up by telephone.
The overall follow-up rate was 96.0%. The pri-
mary outcome was cumulative survival rate.
Cumulative survival rate = (number of patients
who were alive after N months of follow-up/
number of patients who started follow-up) %
100%.

Specimen collection

After the diagnosis of breast cancer by patho-
logic biopsy, peripheral venous blood was col-
lected to detect CTC, and immunohistochemis-
try was performed to detect the expression
level of estrogen receptor (ER), progesterone
receptor (PR), human epidermal growth factor
receptor (HER-2), and proliferating cell associ-
ated nuclear antigen (Ki67). The relationship
between CD24 expression in preoperative cir-
culating tumor cells of breast cancer patients
and patient age, tumor size, tumor stage,
pathologic type, molecular type, lymph node
metastasis, and the status of ER, PR, Ki67,
and HER-2 was analyzed. This study was
approved by the Ethics Committee of the
Second Xiangya Hospital of Central South
University (Approval No. 2022-073-02).

CTC and CD24 detection

The optimized CanPatrol CTC enrichment tech-
nique was used in this study. (1) Separation of
CTCs by cell morphology: 5 ml of venous blood
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was drawn from patients on an empty stomach.
Erythrocyte lysate (154 mM ammonium chlo-
ride (NH,CI), 10 mM potassium bicarbonate
(KH-CO,), and 0.1 mM ethylenediamine tet-
raacetic Acid (EDTA) in deionized water) was
used to lyse erythrocytes. The remaining cells
were then resuspended in 4% formaldehyde in
PBS for 5 min. The cell suspension was trans-
ferred to a filter tube, and the cells were filtered
by a vacuum pump with a fixed pressure. (2)
Three-color RNA in situ hybridization detection:
The detection was carried out on a 24-well
plate, and the cells on the membrane surface
were treated with protease, and then capture
probes (respectively for epithelial biomarkers
EpCAM, CK8/18/19; mesenchymal cells) were
used. Biomarkers (vimentin, twist) were hybrid-
ized for 2 h at 42°C. Unbound probes were
washed three times with 1000 ul of wash buf-
fer. Then, 100 ul of pre-amplification solution
was added to the cells and incubated at 42°C
for 20 min. The membrane was cooled, washed
3 times with 1000 ul of wash buffer, and incu-
bated again with 100 pl of amplification solu-
tion. Three types of fluorescently labeled
probes, Alexa Fluor 594, Alexa Fluor 488, and
Alexa Fluor 647, were added and incubated
again at 42°C for 20 min. After washing again,
the remaining cells were stained with DAPI for
5 min. The expression of EMT markers in CTC
was observed by fluorescence microscope
(red fluorescence represents epithelial mark-
ers, green fluorescence represents mesenchy-
mal markers, and white fluorescence repre-
sents CD45 markers). CTC of each patient was
identified and classified according to the identi-
fication of markers, and CTCs > 1 was defined
as positive in this study.

The expression of CD24 in CTC was detected by
the same steps as above, and CD24 mRNA
probe was used on the basis of CTC enrich-
ment, which was labeled with fluorescent
labeled probe and marked purple. The criteria
for the expression of CD24 in CTC of different
EMT types were as follows: 1-2 signal points
were low expression, 3-9 signal points were
moderate expression, and > 10 signal points
were high expression.

Treatment options for breast cancer patients

All patients underwent surgery. Postopera-
tive adjuvant therapy mainly included the fol-
lowing schemes: There were 9 cases of Doxu-
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bicin+Cyclophosphamide (AC) scheme, 22 cas-
es of Doxubicin+Cyclophosphamide—Docetax
el (AC-T) scheme, 5 cases of Doxubicin+Cyclop
hosphamide—Docetaxel+Trastuzumab (AC-TH)
scheme, 7 cases of Doxubicin+Cyclophosph-
amide—Docetaxel+Trastuzumab+Paclitaxel
(AC-THP) scheme, 15 cases of dose dense Dox
ubicin+Cyclophosphamide—Docetaxel (ddAC-
T) scheme, 2 cases of dose dense Doxubicin+
cyclophosphamide—Docetaxel+Trastuzumab
(ddAC-TH) scheme, 8 cases of (Doxubicint+
Cyclophosphamide—Paclitaxel) AC-wP sche-
me, 1 case of Decitabine+Paclitaxel (DAC-wP)
scheme, 16 cases of (Docetaxel+Cyclopho-
sphamide) TC scheme, and 5 cases of TAC
scheme. There were 1 case of Epirubicin+
Cyclophosphamide—Paclitaxel (EC-P) regimen,
1 case of Paclitaxel (wP) scheme, 1 case of
Trastuzumab - emtansine conjugate (TDM1)
scheme, 1 case of letrozole alone, 2 cases of
radiotherapy, and 6 cases of postoperative
untreated treatment.

Statistical methods

SPSS 23.0 statistical software was used for
statistical processing of data. Enumerated
data were described by n (%), and differences
between groups were compared by x? test.
Measured data were described using mean +
standard deviation (X + s), and t-test was used
to compare the differences between groups.
Receiver operating characteristic (ROC) curve
was used to analyze the predictive power of
CD24 expression on the prognosis of breast
cancer, and the optimal cut-off value was calcu-
lated according to specificity and sensitivity.
Survival was compared between different
groups using the Kaplan-Meier method. The
Cox regression model was used to analyze
the regression relationship between survival
events and multiple risk factors. P < 0.05 was
considered significant. The main outcome
measure was the relationship between CD24
expression and patients’ survival, and the sec-
ondary outcome measure was the relationship
between different types of CTCs and patients’
survival.

Results
Expression of CD24 in different types of CTC

Fluorescence microscopy images of different
subtypes of CTCs are shown in Figure 1. Epi-
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Figure 1. Fluorescence microscopy images of different subtypes of CTCs. Blue fluorescence: DAPI nucleus; Red
fluorescence: epithelial marker expression signal point; Green fluorescence: mesenchymal cell marker expression
signal point; Purple fluorescence: CD24 gene expression signal point. Circulating Tumor Cells (CTCs).

thelial-CTCs were detected in 64 of 102
patients; the total number of Epithelial-CTCs
was 147. Mixed-CTCs were detected in 75 of
102 patients; the total number of Mixed-CTCs
was 296. Mesenchymal-CTCs were detected
in 46 of 102 patients; the total number of
Mesenchymal-CTCs was 94. The expression of
CD24 in different subtypes of CTC is shown in
Table 1.

Correlation of CD24 expression with clinical
factors in breast cancer

Epithelial-CTCs were closely related to ER
expression (P = 0.036) and TNM stage (P =
0.018), as shown in Table 2. There was no
significant correlation between mesenchymal-
CTCs and clinical characteristics (age, tumor
location, tumor size, pathological type, T stage,
N stage, molecular type, lymph node metasta-
sis, and expression levels of ER, PR, HER-2, and
Ki67), as shown in Table 3. Mixed-CTCs were
closely related to lymph node metastasis (P =
0.026), but had no significant correlation with
age, tumor location, tumor size, pathological
type, T stage, N stage, molecular type, ER
expression, PR expression, HER-2 expression,
or Ki67 expression (all P > 0.05), as shown in
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Table 4. The positive rate of CD24 expression
in CTCs was 58.82% (60/102); CD24-positive
CTCs were closely related to TNM stage (P =
0.002), lymph node metastasis (P = 0.020) and
tumor size (P = 0.025), as shown in Table 5.

Correlation of CD24-positive CTCs and mixed-
CTCs with lymph node metastasis

The area under the curve (AUC) of CD24-
positive CTCs in diagnosing lymph node metas-
tasis was 0.598 (95% Cl: 0.484-0.712), P =
0.092, cut-off value = 1.5. The AUC of mixed-
CTCs in diagnosing lymph node metastasis
was 0.644 (95% CI: 0.535-0.754), P = 0.013,
cut-off value = 2.5. The AUC of CD24 positive
mixed-CTCs in diagnosing lymph node me-
tastasis was AUC = 0.601 (95% CI: 0.490-
0.712), P=0.084, cut-off value = 0.5, as shown
in Figure 2.

Correlation between CD24 expression and
overall survival in breast cancer patients

Ninety-seven patients completed follow-up, the

follow-up rate was 96.0%, and the median fol-
low-up time was 38 months. The groups were
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Table 1. Expression of CD24 in different types of CTCs (n %)

CD24 high CD24 medium CD24 low No CD24

Subtype Total CTCs . ) ) . P value
expression count  expression count  expression count expression count

E-CTCs 147 6 (4.08%) 18 (12.24%) 41 (27.89%) 82 (55.78%) 0.063

M-CTCs 94 1 (1.06%) 9 (9.57%) 30 (31.91%) 54 (57.45%)

mixed-CTCs 296 9 (3.04%) 55 (18.58%) 101 (34.12%) 131 (44.26%)

Note: E-CTCs is Epithelial circulating tumor cells; M-CTCs is mesenchymal circulating tumor cells; mixed-CTCs is epithelial and
mesenchymal mixed typic circulating tumor cells.

Table 2. Correlation analysis between Epithelial circulating tumor cells detection and clinical charac-

teristics

Clinical characteristic

Epithelial-CTCs

>1(n=064) <1(n=238) P

Age (years) >50 25 (39.06) 20 (52.63) 0.182
<50 39 (60.94) 18 (47.37)

Tumor site Left 30 (46.88) 21 (55.26) 0.413
Right 34 (53.12) 17 (44.74)

Tumor size >3cm 33 (51.56) 17 (44.74) 0.505
<3cm 31 (48.44) 21 (55.26)

Pathologic type Carcinoma in situ 1(1.56) 1(2.63) 0.865
Micro infiltration 1(1.56) 1(2.63)
Infiltration 62 (96.88) 36 (94.74)

T stage T1 24 (37.50) 14 (36.84) 0.991
T2 37 (57.81) 22 (57.90)
T3 3(4.69) 2 (5.26)

N stage NO 25 (39.06) 17 (44.74) 0.066
N1 28 (43.75) 8 (21.05)
N2 6 (9.38) 9 (23.68)
N3 5(7.81) 4 (10.53)

TNM stage I 9 (14.06) 9 (23.69) 0.018
Il 42 (65.63) 14 (36.84)
1 13 (20.31) 15 (39.47)

Molecular subtyping Luminal A 6 (9.38) 5(13.16) 0.272
Luminal B HER-2 positive 5(7.81) 7 (18.42)
Luminal B Her-2 negative 23 (35.94) 14 (36.84)
HER-2 positive 14 (21.87) 8(21.05)
Triple-negative 16 (25.00) 4 (10.53)

Lymphatic metastasis with 39 (60.94) 21 (55.26) 0.573
without 25 (39.006) 17 (44.74)

ER expression positive 25 (39.06) 26 (68.42) 0.036
negative 29 (45.31) 12 (31.58)

PR expression positive 31(48.44) 20 (52.63) 0.682
negative 33 (51.56) 18 (47.37)

HER-2 expression positive 34 (53.12) 25 (65.79) 0.210
negative 30 (46.88) 13 (34.21)

Ki67 expression high 20 (31.25) 9 (23.68) 0.413
low 44 (68.75) 29 (76.32)
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Table 3. Correlation analysis between mesenchymal circulating tumor cell detection results and clini-

cal characteristics

Clinical characteristic

Mesenchymal-CTCs

>1(n=46) <1 (n=56) P

Age (years) >50 21 (45.65) 24 (42.86) 0.777
<50 25 (54.35) 32 (57.14)

Tumor site Left 21 (45.65) 30 (53.57) 0.426
Right 25 (54.35) 26 (46.43)

Tumor size >3cm 25 (54.35) 25 (44.64) 0.329
<3cm 21 (45.65) 31 (55.36)

Pathological type Carcinoma in situ 1(2.17) 1(1.79) 0.430
Micro infiltration 0 (0) 2 (3.57)
Infiltration 45 (97.83) 53 (94.64)

T stage T1 16 (34.78) 22 (39.29) 0.742
T2 27 (58.70) 32 (57.14)
T3 3(6.52) 2 (3.57)

N stage NO 17 (36.96) 25 (44.64) 0.174
N1 19 (41.30) 17 (30.36)
N2 4 (8.70) 11 (19.64)
N3 6 (13.04) 3(5.36)

TNM stage | 7 (15.22) 11 (19.64) 0.757
Il 27 (58.70) 29 (51.79)
I 12 (26.08) 16 (28.57)

Molecular subtyping Luminal A 5 (10.87) 6 (10.71) 0.555
Luminal B HER-2 positive 3(6.52) 9 (16.07)
Luminal B Her-2 negative 16 (34.78) 21 (37.50)
HER-2 positive 11 (23.91) 11 (19.64)
Triple-negative 11 (23.91) 9 (16.07)

Lymphatic metastasis with 29 (63.04) 31 (55.36) 0.433
without 17 (36.96) 25 (44.64)

ER expression positive 25 (54.35) 36 (64.29) 0.308
negative 21 (45.65) 20 (35.71)

PR expression positive 20 (43.48) 31 (55.36) 0.233
negative 26 (56.52) 25 (44.64)

HER-2 expression positive 29 (63.04) 30 (53.57) 0.335
negative 17 (36.96) 26 (46.43)

Ki67 expression high 14 (30.43) 15 (26.79) 0.684
low 32 (69.57) 41 (73.21)

Tumor node metastasis (TNM); estrogen receptor (ER); progesterone receptor (PR); human epidermal growth factor receptor

(HER-2); circulating tumor cells (CTCs).

merged according to the cut-off value obtained
from the ROC curve analysis. The cumulative
survival rate of patients with CD24 positive
CTCs > 1.5/5 ml (73%) was significantly lower
than that of patients with CD24 positive CTCs
< 1.5/5 ml (87%) (P < 0.05). There was no sig-
nificant difference in cumulative survival rate
between patients with mixed-CTCs > 2.5/5 ml
and £2.5/5 ml (72% vs. 87%, P = 0.336). The
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cumulative survival rate of patients with CD24
positive mixed-CTCs > 0.5/5 ml (72%) was low-
er than that of patients with mixed-CTCs <
0.5/5 ml (92%) (P < 0.05), as shown in Figure 3.
Multiple variate Cox regression results showed
that the hazard ratio (HR) of CD24 positive
CTCs was 1.205, the HR of mixed-CTCs was
0.701, and the HR of CD24 positive mixed-CTCs
was 10.061, P > 0.05, as shown in Table 6.
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Table 4. Correlation analysis between mixed type circulating tumor cell detection results and clinical

characteristics

o - Mixed-CTCs
Clinical characteristic
>1(n=75) <1(n=27) P

Age (years) >50 35 (46.67) 10 (37.04) 0.388
<50 40 (53.33) 7 (62.96)

Tumor site Left 35 (46.67) 16 (54.55) 0.262
Right 40 (53.33) 1(45.45)

Tumor size >3cm 41 (54.67) 9 (33.33) 0.057
<3cm 34 (45.33) 18 (66.67)

Pathological type Carcinoma in situ 1(1.33) 1(3.70) 0.553
Micro infiltration 1(1.33) 1(3.70)
Infiltration 73 (97.34) 25 (92.60)

T stage T1 30 (40.00) 8 (29.63) 0.556
T2 41 (54.67) 18 (66.67)
T3 4 (5.33) 1(3.70)

N stage NO 26 (34.67) 16 (54.55) 0.165
N1 30 (40.00) 6 (22.22)
N2 12 (16.00) 3(11.11)
N3 7 (9.33) 2(7.41)

TNM stage | 4 (18.67) 4 (14.81) 0.617
Il 39 (52.00) 17 (62.96)
1 2(29.33) 6 (22.22)

Molecular subtyping  Luminal A 7 (9.33) 4 (14.81) 0.838
Luminal B HER-2 positive 0(13.33) 2(7.41)
Luminal B Her-2 negative 27 (36.00) 10 (37.04)
HER-2 positive (22 67) 5(18.52)
Triple-negative 4 (18.67) 6 (22.22)

Lymphatic metastasis with 9 (61.33) 11 (40.74) 0.026
without 6 (38.67) 6 (59.26)

ER expression positive 6 (48.00) 6 (59.26) 0.316
negative 9 (52.00) 1(40.74)

PR expression positive 37 (49.33) 14 (51.85) 0.822
negative 8 (50.67) 3(48.15)

HER-2 expression positive 5 (60.00) 4 (51.85) 0.462
negative 0 (40.00) 3(48.15)

Ki67 expression high 0(26.67) 9 (33.33) 0.510
low 55 (73.33) 18 (66.67)

Tumor node metastasis (TNM); circulating tumor cells (CTCs); estrogen receptor (ER); progesterone receptor (PR); human

epidermal growth factor receptor (HER-2).

Discussion

Breast cancer is a highly heterogeneous tumor
whose occurrence, metastasis, and prognosis
vary in each patient. Therefore, individualized
treatment of tumors is the development trend
in research. The traditional clinical staging,
prognosis, and treatment-related factors main-
ly include tumor size, histologic classification
and grade, lymph node metastasis, and related
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molecular biologic indicators (ER, PR, HER-2,
and Ki67) [11-13]. Since Ashworth et al. first
discovered CTCs in peripheral blood of pa-
tients with advanced breast cancer in 1869,
the mechanism of CTCs in the occurrence and
development of breast cancer has been exten-
sively studied. Relevant studies have shown
that CTCs can be used to diagnose metastatic
breast cancer, and can be used as an indepen-
dent prognostic factor for patients with meta-
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Table 5. Correlation analysis between CD24 positive circulating tumor cell detection results and clini-

cal characteristics

Clinical characteristic

CD24 positive CTCs

>1 (n=060) <1(n=42) P

Age (years) >50 26 (43.33) 19 (45.24) 0.849
<50 34 (56.67) 23 (54.76)

Tumor site Left 29 (48.33) 22 (52.38) 0.687
Right 31 (51.67) 20 (47.62)

Tumor size >3cm 35 (58.33) 15 (35.71) 0.025
<3cm 25 (41.67) 27 (64.29)

Pathological type Carcinoma in situ 1(1.67) 1(2.38) 0.307
Micro infiltration 0 (0) 2 (4.76)
Infiltration 9 (98.33) 39 (92.86)

T stage T1 0 (33.33) 18 (42.86) 0.615
T2 7 (61.67) 22 (52.38)
T3 3 (5.00) 2 (4.76)

N stage NO 9 (31.67) 23 (54.76) 0.098
N1 6 (43.33) 10 (23.81)
N2 0 (16.67) 5(11.91)
N3 5(8.33) 4 (9.52)

TNM stage | 4 (6.67) 14 (33.33) 0.002
Il 39 (65.00) 17 (40.48)
M 17 (28.33) 11 (26.19)

Molecular subtyping Luminal A 5 (8.33) 6 (14.29) 0.400
Luminal B HER-2 positive 5 (8.33) 7 (16.67)
Luminal B Her-2 negative 22 (36.67) 15 (35.71)
HER-2 positive 16 (26.67) 6 (14.28)
Triple-negative 12 (20.00) 8 (19.05)

Lymphatic metastasis with (68 33) 19 (45.24) 0.020
without 9 (31.67) 23 (54.76)

ER expression positive 3 (55.00) 28 (66.67) 0.237
negative 7 (45.00) 14 (33.33)

PR expression positive 9 (48.33) 3(54.76) 0.523
negative 1 (51.67) 9 (45.24)

HER-2 expression positive 6 (60.00) 3(54.76) 0.598
negative 4 (40.00) 9 (45.24)

Ki67 expression high 0(33.33) 9 (21.43) 0.190
low 40 (66.67) 33 (78.56)

Circulating tumor cells (CTCs); tumor node metastasis (TNM); estrogen receptor (ER); progesterone receptor (PR); human

epidermal growth factor receptor (HER-2).

static breast cancer [14, 15]. However, the
prognosis of different subtypes of CTCs in
patients with early breast cancer is still unclear;
therefore, this study evaluated the correlation
of different subtypes of CTCs with clinical char-
acteristics of breast cancer patients.

The results of this study showed that the posi-
tive detection rate of epithelial-CTCs was
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62.74% (64/102); the positive detection rate
of mesenchymal-CTCs was 45.10% (46/102);
and the positive detection rate of mixed-CTCs
was 73.53% (75/102). Mesenchymal-CTCs had
no significant correlation with age, tumor loca-
tion, tumor size, pathologic type, T stage, N
stage, molecular type, lymph node metastasis,
ER expression, PR expression, HER-2 expres-
sion, or KiB67 expression of breast cancer
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Figure 2. Receiver operator characteristic curve (ROC
curve). The blue line is the number of CD24-positive
CTCs, the green line is the number of mixed-CTCs,
and the red line is the number of CD24-positive
mixed-CTCs. Circulating Tumor Cells (CTCs).

patients. However, epithelial-CTCs were closely
related to ER expression and TNM staging in
breast cancer patients. Mixed-CTCs were
closely related to lymph node metastasis of
patients. These results suggest that the clinical
characteristics of breast cancer patients may
vary between different types of CTCs. There-
fore, it is necessary to detect different types of
CTCs in the analysis of the impact of CTCs on
patient prognosis. Related studies have shown
that epithelial-mesenchymal transition (EMT)
enhances the migration and invasion of cancer
cells [16]. In this study, we found that the type
of epithelial-CTCs were closely associated with
TNM stage and ER expression in breast cancer.
However, there was no significant correlation
between mesenchymal-CTCs and lymph node
metastasis or tumor size; the reason may be
because of the lower positive rate of interstitial
CTC due to fewer samples and most patients
were staged I-Il. This study also found that
mixed-CTCs (a mixture of epithelial and mesen-
chymal tumor cells) were closely associated
with lymph node metastasis and larger tumor
size, which were poor prognostic clinical fea-
tures, suggesting that mixed-CTCs may pro-
mote tumor metastasis. On the one hand,
mixed-CTCs can exhibit enhanced stem cell
properties [17] and can freely convert to epithe-
lial or mesenchymal types [18]. On the other
hand, mixed-CTCs are more resistant to apop-
tosis [19] and are associated with chemoresis-
tance [20].

1949

CD24 is a highly glycosylated protein linked to
the cell surface by glycosylphosphatidylino-
sitol to facilitate downstream signaling net-
works, mainly expressed by immune cells but
frequently overexpressed in human tumors.
According to in vitro experiments with cancer
cells, CD24 is a regulator of cell migration, inva-
sion, and proliferation, its expression is associ-
ated with poor prognosis, and it is used as a
cancer stem cell marker [21]. Therefore, we
hypothesized that the expression of CD24 in
CTCs was related to the prognosis of breast
cancer, but there were no prior reports. In ord-
er to further verify the above conjecture, this
study further analyzed the expression of CD24
in CTCs and the effect of CD24 expression on
the survival of breast cancer patients. The
results showed that the expression of CD24 in
peripheral blood CTCs was significantly corre-
lated with lymph node metastasis and tumor
size, indicating that CD24 expression may
reflect the malignant degree and proliferation
and metastasis ability of tumors. In addition,
the cumulative survival of patients with CD24
positive CTCs was significantly lower than that
of patients with CD24 negative CTCs, indicating
that its expression is associated with poor
prognosis. CD24 expression has the same
effect in some other malignant tumors. In ovar-
ian cancer patients undergoing primary sur-
gery, elevated CD24 expression is significantly
associated with poor survival [22]. In another
meta-analysis of breast cancer, the results
showed that high expression of CD24 was sig-
nificantly correlated with lower overall survival
rate, lower disease-free survival rate, and
some clinicopathologic factors (such as lymph
node invasion and TNM stage), based on which
it was concluded that CD24 was an effective
marker of prognosis of breast cancer [23]. The
results also further confirmed that CD24 was
an efficient prognostic factor in breast cancer
[23]. However, in this study, multivariate Cox
regression analysis found that CD24-positive
CTCs were not independent risk factors for
prognosis of breast cancer patients. This may
be partly related to the small sample size of
this study, which should be increased in the
future. Of note, the cumulative survival of
patients with CD24-positive mixed-CTCs was
significantly lower than that of patients without
CD24-positive mixed-CTCs. Relevant studies
have shown that EMT often manifests as in-
complete activation of the invasion and metas-
tasis cascade, as an intermediate stage of
the invasion and metastasis cascade, and this
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Figure 3. Survival analysis. A: CD24 positive total circulating tumor cells; B: Mixed circulating tumor cells; C: CD24
positive mixed circulating tumor cells.

Table 6. Cox regression analysis

B SE Wald P Exp (B)  95% Cl upper limit  95% Cl lower limit
CD24 CTC 0187 1035 0.033 0857  1.205 0.159 9.156
mixed-CTC -0.355 0.706 0.253 0.615  0.701 0.176 2.798
CD24 mixed-CTC  2.309 1.382 2.790 0.095  10.061 0.670 151.037

Circulating tumor cells (CTCs).

subtype is called biophenotypic epithelial-mes- ment regimens may affect the prognosis to
enchymal. Biophenotypic can stimulate cell some extent. Therefore, the value of different
aggregation and survival in the blood circula- types of CTCS in clinical characteristics remains
tion (mesenchymal) with partial preservation to be supported by prospective, large-sample,
of intercellular adhesions (epithelial) [24]. multicenter clinical studies.
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