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Background: Connexin 43 (Cx43) has been closely linked to the occurrence and progression of
breast cancer. Distant metastasis of breast cancer is aided by the epithelial-mesenchymal tran-
sition of circulating tumor cells (CTCs). However, the impact of Cx43 expression on CTCs and the
extent of its role in the disease remain unclear.

Methods: We determined CTCs in 156 patients, who had breast cancer with a disease course of two
or more years. We also measured the expression of Cx43 in the CTCs. The CTCs were detected in
the blood of 139 of these patients. These 139 patients were divided into two groups: the Cx43
group and the non-Cx43 group based on their Cx43 expression.

Results: Overall, Cx43 expression was found in 83 of the 139 patients (59.7%, 83/139 cases). The
two groups significantly differed in terms of the number of mixed biphenotypic type CTCs and the
total number of CTCs (P < 0.05). There were significant correlations between Cx43 expression
and Ki67 expression, tumor size, lymph node metastasis, and TNM stage (P < 0.05 for all). The
data suggested that patients with Cx43 expression had a higher risk of distant metastasis and had
later-stage disease. The difference in Cx43 expression between patients with and without
epidermal growth factor receptor 2 (Her2) overexpression was statistically significant (P < 0.05).
The difference in disease-free survival (DFS) between the two groups was statistically significant
(P = 0.03), and the Cx43 group had a shorter duration of DFS. Univariate Cox regression analysis
revealed that Cx43 expression, Her2 expression, and tumor size were significantly correlated with
DFS (P = 0.03, 0.0023, and 0.01, respectively).

Conclusion: Cx43 expression in the CTCs of patients with breast cancer is a cancer-promoting
factor.
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1. Introduction

At present, breast cancer is the malignant tumor with the highest incidence. There were 2.2 million new cases of breast cancer
worldwide in 2020 [1]. The incidence is increasing year by year while the average age of those affected is reducing [2]. Around 11% of
the world’s breast cancer occurs in China, significantly impacting the health of women [3]. The China National Cancer Control Center
(2017) estimates the following total five-year survival rates of patients with breast cancer in China: 96.5% in clinical stage I, 91.6% in
clinical stage II, 74.8% in clinical stage III, and 40.7% in clinical stage IV [4]. Moreover, distant metastases to the liver, lungs, bones,
and brain are common in breast cancer. Once distant metastasis occurs, it often worsens the prognosis. Therefore, it is particularly
important to assess the risk of recurrence and metastasis during the early stages of breast cancer.

Circulating tumor cells (CTCs) are tumor cells that break off and metastasize into the peripheral blood system; they exist in the
blood in the form of epithelial cells, mixed biphenotypic type cells, and mesenchymal cells and are an important research index of
malignant tumor blood metastasis. At present, CTCs are primarily used to assess the prognosis of malignant tumors [5,6]. Furthermore,
they can provide useful insights on tumorigenesis and tumor evolution. A previous study found that a high CTC count (>5 CTCs/7.5
ml) is an important adverse prognostic factor affecting overall survival (OS) and disease-free survival (DFS) [7]. Thus, CTCs have the
potential to be used in the prediction of DFS and overall survival among patients with early breast cancer.

In pre-experiments, we found that connexin 43 (Cx43) is expressed on CTCs. Connexins are a family of transmembrane proteins that
play a transmission role in cell communication [8-10] by forming gap junction intercellular channels between cells and directly
connecting the cytoplasm of adjacent cells. Each gap junction consists of a hexagonal half channel arranged on the cell membrane of
two adjacent cells and composed of two hexamer connexin oligomers [11]. Connexin 43 is one of the most highly expressed and widely
studied connexins. It has been found to be abnormally expressed in several tumor types, including liver, prostate, and mammary gland
tumors [12-15]. It impacts cell adhesion, the interaction between tumor cells and the cell microenvironment, and metastasis potential
[16], thus playing a role in the occurrence and development of breast cancer and the metastasis of tumor cells. However, it is not clear
whether Cx43 is a cancer-promoting factor or acts as a tumor suppressor.
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Fig. 1. Flow chart of patient inclusion and grouping.
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At present, most relevant studies on Cx43 focus on breast tissue and distant metastatic lesions, while the expression of Cx43 in CTCs
has not been reported. The biological significance of this study is that Cx43, in its role as a connexin, exists between cells and is an
important signal pathway in breast cancer. Therefore, we detected Cx43 in the CTC of patients with breast cancer and evaluated its
expression. CTC is a necessary condition for tumor metastasis. Based on this finding, we studied the expression of Cx43 in the CTC of
breast cancer patients and identified the role of Cx43 in it to provide new information for understanding the distant metastasis of breast
cancer.

2. Materials and methods

We obtained the approval of the Ethics Committee of The Second Affiliated Hospital of Chongqing Medical University (2022-19)
for this study and conducted it in compliance with all regulations as per the Declaration of Helsinki. All participants provided their
written informed consent.

2.1 Inclusion criteria: 1. Patients diagnosed with breast cancer in our hospital; 2. Patients aged 18-75 years old; 3. Patients
receiving standard comprehensive treatment (chemotherapy, targeted therapy, endocrine therapy, radiotherapy, and surgery) in our
center; 4. Pathology diagnosis confirmed to be breast cancer; 5. Patients completed treatment and received regular follow-up in our
center; and 6. The duration of the disease was more than two years.

Exclusion criteria: 1. Patients who had serious underlying diseases in the past (e.g., advanced non-breast primary malignant tumors
or serious cardiovascular, cerebrovascular, renal, or respiratory diseases); 2. Those with missing clinical data; 3. Patients lost to follow-
up; and 4. Patients with secondary malignant breast cancer.
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Fig. 2. CTCs detected in blood samples from patients with breast cancer.

2a:CTC phenotypes classified using epithelial and mesenchymal markers. Epithelial CTCs (2a (1)) stained with red dots only; mixed biphenotypic
CTCs (2a (2)) stained with both red and green dots; mesenchymal CTCs (2a (3)) stained with green dots only.

2 b:Cx43 expression in CTCs. Representative images based on mRNA-ISH of epithelial (red dots), mesenchymal (green dots), CD45 (bright white
dots), and Cx43 (purple dots) markers. Epithelial CTCs expressing Cx43 (first line) exhibit red and purple dots; mixed biphenotypic CTCs expressing
Cx43 (second line) exhibit red, green, and purple dots; mesenchymal CTCs expressing Cx43 (third line) exhibit green and purple dots.
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2.1. Experimental grouping

In this study, we detected the expression of CTCs and Cx43 in 156 cases of breast cancer, and CTCs were detected in 139 of the

patients. These 139 patients with CTCs were divided into two groups based on the expression of Cx43, i.e., the Cx43 group and the non-
Cx43 group (Fig. 1).

2.2. Basic patient information

We collected the following details of each patient: age, menstrual status at the time of tumor onset, pathological features of breast
cancer (including histological grade, tumor type, and tumor size), lymph node metastasis, distant metastasis, tumor stage, distant
metastasis-free time (from the initial diagnosis of breast cancer to the month when the tumor progressed and distant metastasis

occurred), and CTC hematological results (i.e., the total CTC number, cell type, number of various cell types, and expression of Cx43 in
each cell type).

2.3. CTC collection and Cx43 detection

2.3.1. CTC collection

We collected 7 ml of peripheral blood in an ethylenediamine tetraacetic acid tube from each patient. The samples were transferred
to sample preservation tubes containing erythrocyte lysis buffer using a customized connection device, and the erythrocytes were lysed
for 30 min at room temperature. After centrifuging the resulting lysates for 5 min at 600 g, the cell pellets were resuspended in

phosphate-buffered saline containing 4% formaldehyde for 8 min. Finally, the CTCs were isolated by filtration through calibrated
membranes with 8 pm pores.
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Fig. 3. Differences in CTC types between the Cx43 and non-Cx43 groups. Differences in (A) epithelial CTCs. (B) Mixed biphenotypic CTCs. (C)
Mesenchymal CTCs. (D) Total CTCs between the Cx43 and non-Cx43 groups.



D.-Q. Wang et al. Heliyon 9 (2023) 18697

2.3.2. Identification and classification of CTCs and detection of Cx43

A multiplex mRNA in situ hybridization (ISH) assay was used to identify and classify CTCs. The ISH test of mRNA was performed on
a 24-well plate. The enriched cells on the plate were treated with protease and then hybridized with epithelial biomarkers EpCAM and
CK8/18/19, mesenchymal biomarkers Vimentin and Twist, leukocyte biomarker CD45, and gene probe-labeled Cx43. Hybridization
was carried out at 42 °C for 2 h; then, the cells were washed using 1000 pL of washing buffer. The sample was mixed with 100 pL of
signal pre-amplification solution and placed at 42 °C for 20 min. The nanofilm was cooled and rinsed with 1000 pL of washing buffer.
Four types of fluorescently labeled probes were added to couple with the fluorescent dyes Alexa Fluor 594 (detecting epithelial
biomarkers EpCAM and CK8/18/19), Alexa Fluor 488 (detecting interstitial biomarkers Vimentin and Twist), Alexa Fluor 647
(detecting leukocyte biomarkers), and cy53 (detecting Cx43 gene probe markers) and incubated at 42 °C for 20 min. The above tests
were completed by SurExam Bio-Tech Co., Ltd., China. The ISH results were analyzed by qualified pathologists using an automated
fluorescence microscope. If the number of fluorescent dots for the epithelial and mesenchymal markers or for CD45 was >7, they were
considered to be valid fluorescent signals. Red and green fluorescent signals indicated the expression of epithelial and mesenchymal
markers, respectively, whereas bright white fluorescent signals indicated CD45 expression. A purple fluorescent signal from the CTCs
indicated Cx43 expression. The expression of Cx43 in the CTCs is presented in Fig. 2.

2.4. Statistical analysis

The statistical analysis was conducted using the SPSS 24.0 software (SPSS, U.S.A.). The Chi-square analysis was used for the
univariate analysis, and the log-rank test and logistic regression were employed for the multivariate analysis. The survival curve was
analyzed using the Kaplan-Meier curve. A P value of <0.05 was considered statistically significant.

3. Results
3.1. Differences in CTC type, number, and Cx43 expression

In this study, we collected blood samples from 156 patients with breast cancer, and we found CTCs in the blood samples of 139 of
these patients. Among these 139 patients, we determined the expression of Cx43 in the CTCs in 83 patients. Cx43 was expressed in
epithelial, mixed bi-phenotypic, and mesenchymal CTCs. Then, we compared the CTCs between the Cx43 and non-Cx43 groups and
found that the differences between these groups in the number of mixed biphenotypic type CTCs and the total number of CTCs were
statistically significant (P < 0.05, Fig. 3B and D). However, the differences in the number of epithelial CTCs (P = 0.604, Fig. 3A) and
mesenchymal CTCs (P = 0.537, Fig. 3C) were not statistically significant.

The median number of mixed biphenotypic type CTCs in the Cx43 group was 4, which was higher than that in the non-Cx43 group
(1), and the median total number of CTCs in the two groups was 6 and 2, respectively. We also found that there were similar differences
in the number of patients with a large mixed biphenotypic type CTC count and total CTC count between the groups (both P < 0.01,
Table 1); the differences in the number of epithelial CTCs (P = 0.887, Table 1) and mesenchymal CTCs (P = 0.517, Table 1) were not
statistically significant. The Cx43 group had greater numbers of mixed biphenotypic type CTCs and the total number of CTCs, and there
were more patients with high CTC numbers in this group.

3.2. Analysis of clinical characteristics of patients

In this study, we analyzed the data of 139 patients with CTCs detected in their blood. Their median age was 54 years (31-75 years
old). The detailed characteristics of patients are listed in Table 2. Among them, we found Cx43 expressed in the CTCs in 83 patients
(59.7%, 83/139 cases) but not in the remaining 56 patients (40.2%, 56,/139 cases). The expression of Cx43 was significantly correlated
with the expression of Ki67, tumor size, lymph node metastasis, and TNM stage (P < 0.05 for all, Table 2).

Table 1
Differences in three types of CTCs between the Cx43 group and non Cx43 group.
Total number (%) Cx43 group (%) Non Cx43 group (%) P

Total number of patients 139 (100.0) 83 (59.7) 56 (40.3)
Number of epithelial CTCs
<5 132 (95.0) 79 (56.8) 53 (38.1) 0.887
>5 7 (5.0) 4(2.9 3(2.2)
Number of mixed CTCs
<5 96 (69.1) 43 (30.9) 53 (38.1) 0.000
>5 43 (30.9) 40 (2.88) 3.2
Number of mesenchymal CTCs
<5 132 (95.0) 78 (56.1) 54 (38.8) 0.517
>5 7 (5.0) 5(3.6) 2(1.49)
Total number of CTCs
<5 80 (57.6) 32 (23.0) 48 (34.5) 0.000
>5 59 (42.4) 51 (36.7) 8(5.8)

*The population with high CTC count is: CTCs >5/7.5 ml.
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Table 2
Relationship between CX43 expression and clinical characteristics in 139 breast cancer patients undergoing CTC detection.
Clinical variable Total number (%) Cx43 group (%) Non Cx43 group (%) P
All patients 139 (100.0) 83 (59.7) 56 (40.3)
Age (years old)
>50 93 (66.9) 53(38.1) 40 (28.8) 0.352
<50 46 (33.1) 30 (21.6) 16 (11.5)
Tumor size
>2 cm 96 (69.1) 63 (45.3) 33(23.7) 0.034
<2cm 43 (30.9) 20 (14.4) 23 (16.5)
Ki67
High expression 107 (77.0) 69 (49.6) 38 (27.3) 0.036
Low expression 32(23.0) 14 (10.1) 18 (12.9)
Lymph node metastasis
Y 55 (39.6) 38 (27.3) 16 (11.5) 0.041
N 84 (60.4) 45 (32.4) 40 (28.8)
Distant metastasis
Y 32(23.0) 22 (15.8) 10 (7.2) 0.235
N 107 (77.0) 61 (43.9) 46 (33.1)
Molecular typing
Luminal A type 42 (30.2) 23 (16.5) 19 (13.7) 0.08
Luminal B type 44 (31.7) 25 (18.0) 19 (13.7)
Her-2 overexpression type 23 (16.5) 19 (13.7) 4(2.9)
Triple-negative type 30 (21.6) 16 (11.5) 14 (10.1)
TNM stage
Stage I 35(25.2) 12 (8.6) 23 (16.5) 0.006
Stage II 56 (40.3) 38 (27.3) 18 (12.9)
Stage III 16 (11.5) 11 (7.9) 5(3.6)
Stage IV 32(23.0) 22 (15.8) 10 (7.2)
Whether menopause
Y 89 (64.0) 53(38.1) 36 (25.9) 0.959
N 50 (36.0) 30 (21.6) 20 (14.4)
Pathological type
Special type 13 (9.4) 6 (4.3) 7 (5.0) 0.295
Non special type 96 (69.1) 77 (55.4) 49 (35.3)

The Cx43 group had more patients with high Ki67 expression, a tumor >2 c¢m, and lymph node metastasis when compared with the
non-Cx43 group. The results were as follows: The number of patients with a tumor >2 cm, a higher expression of Ki67, and lymph node
metastasis was 63 (75.9%, 63/83 cases), 69 (83.1%, 69/83 cases), and 38 (45.8%, 38/83 cases) in the Cx43 group, respectively, and 33
(58.9%, 33/56 cases), 38 (67.9%, 38/56 cases), and 16 (28.6%, 16/56 cases) in the non-Cx43 group, respectively. The differences
between the groups were statistically significant (P < 0.05 for all, Table 2).

However, Cx43 expression was not correlated with age, menstrual status, distant metastasis, overall molecular type, or type of
pathology (P > 0.05 for all, Table 2). In this study, the TNM stage results indicated that the number of patients with Cx43 expression
accounted for 34.2% of the total number of stage I patients, while such patients accounted for 67.8%, 68.7%, and 68.7% of those with
stages II, I1I, and IV, respectively. The number of patients without Cx43 expression accounted for 65.8%, 32.2%, 31.3%, and 31.3% in
those with stages I, II, III, and IV, respectively. It can be seen that as the stage advanced, the proportion of patients with Cx43
expression showed an upward trend, suggesting that such patients tended to be diagnosed at a more advanced stage (Table 3).

3.3. Relationship between Cx43 and genotype

Although there was no significant difference in the overall molecular type between the Cx43 group and the non-Cx43 group (P =
0.08, Table 2), when we further compared the Cx43 expression in terms of molecular type, we found a statistically significant dif-
ference in Cx43 expression between the patients with and without epidermal growth factor receptor 2 (Her2) overexpression (P < 0.05,
Table 4). Among the 23 patients with Her2 overexpression, Cx43 expression in the CTCs was detected in 19 of them (82.6%, 19/23
cases) and not detected in only 4 (17.4%, 4/23 cases). In other words, Cx43 was expressed more frequently in patients with HER2

Table 3
Proportion of patients with Cx43 expression and CTC in each stage.
Stage I Stage II Stage III Stage IV

Total number of patients 35 56 16 32
Number of patients with Cx43 expression 12 38 11 22
Number of patients without Cx43 expression 23 18 5 10
Proportion of patients with Cx43 expression 34.2% 67.8% 68.7% 68.7%
Median number of mixed cells 1 3 3.5 4
Median total number of CTCs 4 4 5.5 4.5
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Table 4

Expression of various molecular types between the Cx43 and non Cx43 groups.
Molecular type Total number (%) Cx43 group (%) Non Cx43 group (%) P

139 (100.0) 83 (59.7) 56 (40.3)

Luminal A type
Y 42 (30.2) 23 (16.5) 19 (13.7) 0.434
N 97 (69.8) 60 (43.2) 37 (26.6)
Luminal B type
Y 44 (31.7) 25 (18.0) 19 (13.7) 0.636
N 95 (68.3) 58 (41.7) 37 (26.6)
Her-2 overexpression type
Y 23 (16.5) 19 (13.7) 4(2.9) 0.014
N 116 (83.5) 64 (46.0) 52 (37.4)
Triple-negative type
Y 30 (21.6) 16 (11.5) 14 (10.1) 0.421
N 109 (78.4) 67 (48.2) 42 (30.2)

overexpression. The proportion of patients with Cx43 expression was 54.8% (23/42 cases), 56.8% (25/44 cases), and 53.3% (16/30
cases) in luminal type A, luminal type B, and triple-negative patients, respectively. There was no significant difference in Cx43
expression among the three genotypes (P > 0.05, Table 4).

3.4. Cx43 and prognosis of patients with breast cancer

Among the patients with Cx43 expression, 38 (45.7%, 38/83 cases) had lymph node metastasis, and 22 (26.5%, 22/83 cases) had
distant metastasis (to bone, lungs, or brain) within two years. In the 56 patients without Cx43 expression, the number of those with
lymph node metastasis and distant metastasis within two years was 16 (28.6%, 16/56 cases) and 10 (17.8%, 10/56 cases), respec-
tively. Lymph node metastasis varied significantly between the two groups (P = 0.041, Table 2). Patients with Cx43 expression were
more prone to lymph node metastasis. Although the statistics revealed that there was no significant difference in distant metastasis
between the groups (P > 0.05, Table 2), it was observed that patients with Cx43 expression were more prone to distant metastasis. This
also suggests that expression of Cx43 leads to a poor prognosis.

Among the 139 patients who underwent the disease evaluation follow-up, the duration of follow-up ranged from 24 to 85 months
(median: 35 months). We analyzed the DFS of patients in both the Cx43 group and the non-Cx43 group and found that the difference in
the DFS between the groups was statistically significant (P = 0.03, Fig. 4); patients in the Cx43 group had a shorter DFS than the non-
Cx43 group.

Univariate Cox regression analysis revealed that Cx43 expression, Her2 expression, and tumor size were significantly correlated
with DFS (P = 0.03, 0.0023, and 0.01, respectively, Table 5). Using multivariate Cox regression analysis, we found that only tumor size
was an independent prognostic factor for DFS (P = 0.002, Table 5).

4. Discussion

Breast cancer is the most common malignancy, with the highest incidence in women. Approximately 20%-30% of patients with
early breast cancer experience a recurrence in 1-2 years after the initial diagnosis, and patients with negative hormone receptors
relapse even earlier [17,18]. It is estimated that 10%-15% of patients with breast cancer develop distant metastasis within three years
after diagnosis and that the five-year survival rate of such patients is only 23% [19,20].

Distant metastasis is the leading cause of mortality in patients with cancer; this process is initially facilitated by the release of cancer
cells from the primary tumor into the blood. Numerous studies have linked CTCs with the recurrence and distant metastasis of breast
cancer. CTCs were detected in the peripheral blood of 40%-80% of patients with breast cancer [21-25]. In the current study, we
analyzed blood samples from 156 patients with breast cancer, and CTCs were detected in 139 of them.
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Fig. 4. Kaplan-Meier curves for disease-free progression of the Cx43 group and non-Cx43 group.
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Table 5

Univariate and multivariate Cox regression analysis of the relationship between Cx43 expression and patient survival.
DFS Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Tumor size 5.35 (1.18-24.25) 0.01 1.82 (1.25-2.65) 0.002
Her2 expression 5.97 (1.63-21.86) 0.0023 3.79 (0.93-15.49) 0.064
Ki67 expression 1.97 (0.44-8.93) 0.37 1.99 (0.41-9.71) 0.395
Cx43 expression 4.64 (1.01-21.18) 0.03 1.45 (0.26-8.05) 0.675

DFS:disease progression free survival HR:hazard ratio Cl:confidence interval.

Circulating tumor cells exist in the blood in many forms, including the epithelial type, mixed biphenotypic type, and mesenchymal
type, and are capable of traveling great distances through the circulatory system to implant and metastasize. Distant metastasis can be
predicted by detecting tumor cells in the patient’s blood. The dissemination of CTCs has been found to correlate with poor prognosis
and treatment failure across a variety of tumor types [26]. Further studies have revealed that completely mesenchymal tumor cells can
easily enter blood vessels but cannot easily metastasize [27-29]. Tumor cells that are intermediate between the epithelial and
mesenchymal types, i.e., mixed biphenotypic type CTCs, can exhibit the characteristics of tumor stem cells. Yu et al. [30] monitored
CTCs in 11 patients with breast cancer and found that most of the CTCs were of the mixed biphenotypic type. Different types of CTCs
evolve dynamically during treatment. The number of single CTCs can also predict DFS and overall survival in patients with early breast
cancer, either before or after breast cancer surgery [31-33]. In the present study, we detected various cell types in the CTCs of patients.

We focused further on the expression of Cx43 in the CTCs of patients in our study. Connexin 43 is a channel protein that plays a role
in the occurrence and development of breast cancer. This channel protein has been well researched, and several studies [34-38] have
revealed that Cx43 expression is upregulated during the progression of breast cancer and that its expression level is correlated with
breast cancer metastasis. It supports the occurrence and progression of breast tumors and the persistence of metastatic lesions [39].
Previous studies [36,39-41] have also revealed that Cx43 expression is upregulated in breast cancer metastasis, suggesting that the
protein may play a role in the process of late metastasis. Furthermore, the activity of Cx43 in the metastasis process may not always be
inherent in tumor cells. Evidence [42] suggests that Cx43 is significantly expressed in the stroma during the process of cancer pro-
gression, suggesting that it may regulate invasion and metastasis through the interactions between epithelial tumor cells and the
stroma. Our results in this study are consistent with this.

Previous studies have demonstrated that forced expression of Cx43 in breast cancer cell lines reduces migration and angiogenesis
[43-48]. Downregulation of Cx43 or loss of GJIC is associated with increased migration and expression of angiogenic factors. The
functional relevance of Cx43 to the location and activity of gap junctions in breast cancer is still unclear, as is the role of Cx43 in breast
cancer metastasis. Tumor metastasis is inseparable from CTCs. In the present study, we examined the expression of Cx43 appearing in
CTCs, which has not been discussed in previous papers. We found that Cx43 was expressed in all CTC phenotypes. Furthermore, when
compared with patients without Cx43 expression, there were larger numbers of mixed biphenotypic type CTCs and total CTCs, as well
as a higher proportion of high CTCs among those with Cx43 expression. There were no significant differences in the epithelial and
mesenchymal CTCs between the groups.

Mixed biphenotypic type CTCs may be an embodiment of the epithelial-mesenchymal transition process, to some extent. CTCs
undergo epithelial-mesenchymal transition, i.e., epithelial cells lose their apical-basal polarity, regulate their cytoskeleton, and show a
reduction in adhesion between each other [49]. Cells can acquire mesenchymal characteristics on their own or together and increase
their motility and invasiveness. The epithelial-mesenchymal transition is considered an important driver of tumor invasion, metas-
tasis, and dispersion. Epithelial-mesenchymal transition activation provides tumor cells with the abilities to migrate, invade, infiltrate,
and exude [50,51]. In other words, the epithelial-mesenchymal transition process indicates that cells have abscission, metastasis, and
implantation abilities. Mixed biphenotypic type cells are intermediate products of this process. In a sense, an increase in mixed
biphenotypic CTCs means that a tumor is more likely to have distant metastasis. Likewise, the quantitative situation of mixed
biphenotypic CTCs is also an embodiment of the epithelial-mesenchymal transition process, to some degree. In this study, we found
that Cx43 expression differed between all types of CTCs; its expression was obvious in mixed biphenotypic type cells, suggesting that
Cx43 may be involved in CTC phenotype expression.

Additionally, we also analyzed the clinical characteristics of patients in this study; and found that the expression of Cx43 was
correlated with the expression of Ki67, tumor size, lymph node metastasis, and TNM stage. Patients with Cx43 expression were more
likely to have high levels of Ki67, large tumor sizes, and lymph node metastasis, but this was not correlated with age, menstrual status,
distant metastasis, overall molecular type, or type of pathology.

We also found that Cx43 is expressed differently in different genotypes. The well-known molecular typing method for breast cancer
was originally proposed at the St. Gallen Conference in 2011. Patients were classified as luminal A type, luminal B type, HER2
overexpression type, and triple negative type based on the expression of estrogen receptor, progesterone receptor, Her2, and Ki67 and
the results of fluorescence ISH detection. In the present study, Cx43 expression was higher in the Her2 overexpression population,
suggesting that Her2 may be somewhat related to Cx43. There was no significant difference in Cx43 expression among the other three
genotypes. However, there has been no relevant research on the relationship between HER2 and Cx43. As a result, we boldly speculate
that the C-erbB-2 gene may promote the expression of Cx43. Of course, this needs to be verified with relevant basic experiments.

More importantly, we examined the prognosis of patients in the current study. Our analysis revealed that patients with breast
cancer with Cx43 expression in CTCs were in a later TNM stage than patients without Cx43 expression, and former patients were more
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likely to develop lymph node metastasis and distant metastasis. When we analyzed the DFS of the two groups, we found that the Cx43
group had a shorter DFS than the non-Cx43 group, which suggests that Cx43 is involved in the metastasis process. As a result,
assessment of Cx43 expression in CTCs could be relevant for the evaluation of metastasis in patients with breast cancer.

Univariate Cox regression analysis revealed that Cx43 expression, Her2 expression, and tumor size were correlated with DFS.
However, the multivariate Cox regression analysis revealed that only tumor size was an independent prognostic factor for DFS. This
might be because our sample size was not large enough, which caused the correlation between Cx43 expression and DFS to be found in
the Cox univariate analysis but no significant correlation to be identified in the Cox multivariate analysis. Undertaking further research
by expanding the sample size and conducting a multi-center case comparison would be helpful to obtain a more accurate conclusion in
this aspect.

The above results revealed that, as a cancer promoting factor, Cx43 participates in the epithelial-mesenchymal transition process in
CTCs, promotes the distant metastasis of tumor cells, and causes disease progression. Its expression may be related to the expression of
Her2. Cx43 expression in CTCs indicates a poor prognosis for patients.

At present, in the vast majority of studies, the detection of Cx43 is based on samples from primary or distant breast cancer me-
tastases. These tissues are more difficult to obtain than blood samples. The method of detecting Cx43 in CTCs has the advantages of
sample availability and timeliness when compared to sampling original tumor lesions. Patients merely need to have their blood drawn,
which makes detection and promotion easier in clinical practice. Therefore, the presence of Cx43 in CTCs can be used as an indicator to
assess the risk of breast cancer recurrence. If Cx43 is expressed, more aggressive clinical interventions should be employed.

In conclusion, we found that the expression of Cx43 in CTCs is associated with advanced disease, metastasis, and poor survival in
patients with breast cancer. Univariate Cox regression analysis revealed a significant association between Cx43 expression in CTCs and
DFS. Our findings also indicate that assessment of Cx43 expression in CTCs may be a novel and promising strategy for metastasis
evaluation in patients with breast cancer. Furthermore, we found higher Cx43 expression in the Her2 overexpression group. Since our
study cohort was limited in size, our current findings need to be confirmed with further large-scale studies. Our data only reveals a
trend, and we did not further investigate the deeper relationship between Cx43 and Her2. Furthermore, it will be critical to explore
potential correlations between specific expression levels of Cx43 and genotypes, as well as responses to therapy and survival in patients
with breast cancer.
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Abbreviation

Cx43 Connexins 43

CTC circulating tumor cell

ER estrogen receptor

PR progesterone receptor
Ki-67 nuclear-associated antigen
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Her2 human epidermal growth factor receptor

C-erbB-2 Tyrosine kinase-type cell surface receptor Her2

TMN tumor node metastasis classification

DFS disease free survival

ISH in situ hybridization

FISH fluorescence in situ hybridization

EpCAM Epithelial cell adhesion molecule
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