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Background: Clinical outcome after surgery of breast cancer needs more prognostic markers to predict 
currently. Cluster of differentiation 47 (CD47), due to its overexpression in various tumors and ability to 
inhibit phagocytosis, has been identified as a new immune checkpoint. Monocarboxylate transporter 1 
(MCT1) is a protein involved in the immunomodulatory activities of the tumor microenvironment (TME) 
by maintaining the pH through aerobic glycolysis.
Methods: We explored the expression of CD47 and MCT1 in breast invasive ductal carcinoma specimens 
to determine their association with prognosis. A total of 137 breast invasive ductal carcinoma tissues were 
collected for CD47 and MCT1 immunohistochemical staining. 
Results: Statistically analyzed, our study first indicated that in both univariate and multivariate analyses, the 
coexpression of CD47 and MCT1 was an independent prognostic factor for a poor 10-year overall survival 
rate (10-OS) and 10-year progression-free survival rate (10-DFS) (P<0.05). In addition, the combined 
high expression of these two markers also led to worse OS and PFS rates in the TNM (II + III), histologic 
grade (I + II), HER2 overexpression and basal-like subgroups. High expression of CD47 and MCT1 and 
combined high expression of CD47 and MCT1 were associated with clinicopathological parameters, such as 
histological grade, TNM stage, death status, and recurrence status in breast cancer patients. However, in the 
multivariate survival analysis, high expression of CD47 alone was not an independent prognostic factor for 
the 10-OS or the 10-DFS (P=0.104; P=0.153), and high expression of MCT1 alone was not an independent 
predictor for a poor 10-DFS (P=0.177) either.
Conclusions: The coexpression of CD47 and MCT1 can serve as a prognostic biomarker leading to poor 
survival and an increased risk for recurrence, and this novel information could help guide the development of 
adjuvant therapy for breast cancer.
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Introduction

Due to the development of adjuvant therapies, the 5-year 
survival rate of breast cancer patients has increased 
significantly, and several breast cancer patients survive 
over 10 years (1). However, recurrence and metastasis are 
the two biggest in the treatment of breast cancer patients. 
Interactions between the tumor microenvironment (TME) 
and cancer cells confer tumor characteristics and represent 
potential treatment targets. Especially in advanced and 
specific types of breast cancer, such as basal-like breast 
cancer which also termed triple-negative breast cancer 
(TNBC), new prognostic factors and therapeutic strategies 
can be discovered by detecting new predictive biomarkers.

Immune checkpoint inhibitors targeting programmed 
cell death protein-1 (PD-1)/programmed cell death 
ligand 1 (PD-L1) and cytotoxic T lymphocyte-associated 
antigen-4 (CTLA-4)/B7 have been applied to treat cancer 
patients (2). Unlike promoting adaptive T cell-mediated 
immunity as mentioned above, cluster of differentiation 
47 (CD47)-mediated therapy to enhance innate immune 
activity is a new direction for cancer treatment (3). It 
has been reported that CD47 is widely expressed on the 
surface of several cancer cells. Signaling regulatory protein 
α (SIRPα, also termed CD172a or SHPS-1) is another 
membrane protein of the immunoglobulin superfamily that 
is particularly overexpressed in macrophages and dendritic 
cells (DCs). SIRPα expressed on myeloid cells is influenced 
by CD47 expressed on neighboring cancer cells and leads to 
the phosphorylation of SIRPα cytoplasmic immunoreceptor 
tyrosine-based inhibition motifs (ITIM), which results in a 
decrease in the phagocytosis capacity and clearance function 
of macrophages (4). The CD47-SIRPα axis indirectly affects 
the adaptive immune function of cells and participates in T 
cell activation (5). 

Acidic pH value is another characteristic of the TME. 
High concentrations of lactate contribute significantly to 
this phenomenon. Lactate transported by monocarboxylate 
transporters 1 (MCT1) is involved in glucose metabolism 
in tumor cells. It has been demonstrated that lactate 
plays a pivotal role in tumor immune surveillance, T 
cell differentiation and macrophage polarization (6). 
Macrophages in the TME have been divided into two 
types based on their different functions. M1 macrophages 
have tumoricidal effects and can inhibit tumor growth, 
whereas M2 macrophages participate in promoting tissue 
repair, suppressing the immune response, and angiogenesis, 
leading to poor patient prognosis in cancer (7). MCT1 is 

an important molecule that stimulates the IL-6/IL-6R/
Stat3 axis and enhances M2 polarization in breast cancer 
(8,9). Additionally, utilizing 3-BrPA (a glycolysis inhibitor) 
to treat glioma suppressed the expression of MCT1 and 
regulated the progression of malignantly transformed 
macrophages (10). Type-I interferons (IFNs), such as 
IFN-α, IFN-β and others, are influenced by lactate and 
play an important role in elevating host immunity for 
cancer immune surveillance. Maintaining intracellular 
and extracellular lactate concentrations of MCT1 directly 
decreased type-I IFNs and promoted an immunosuppressive 
TME (6). In TNBC, MCT1 reduced miR-34a and induced 
the expression of PD-L1 (8). In addition, MCT1 also 
participates in maintaining the epithelial-mesenchymal 
transition (EMT) phenotype by promoting the acidic 
environment, underscoring its importance in the invasion 
and progression of malignant tumors (8,11). 

High expression of CD47 and MCT1 in invasive breast 
cancer might regulate the characteristics of the TME and 
affect tumor invasion and metastasis by maintaining the 
proinflammatory nature and EMT phenotype of tumor 
cells. In this study, we evaluated the expression of CD47 and 
MCT1 in 137 breast cancer tissues and showed for the first 
time that the coexpression of CD47 and MCT1 in breast 
cancer is potentially a better independent predictor for poor 
prognosis than the expression of CD47 or MCT1 alone. 
Therefore, our study provides a new potential immune 
target for breast cancer treatment. 

We present the following article in accordance with 
the REMARK reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-21-1951/rc).

Methods

Tissue samples

This array consisted of 137 tissue samples of primary 
invasive breast cancer without any treatment before surgery, 
and all the tested samples were from surgical resection. 
Exclusion criteria: (I) patients with other malignant 
tumors; (II) patients with special types of breast cancer 
(medullary carcinoma, cribriform carcinoma, mucinous 
colloid breast carcinoma, pleomorphic lobular breast 
carcinoma, papillary breast carcinoma); (III) patients with 
severe heart disease (such as dilated cardiomyopathy, after 
coronary artery bypass graft surgery and valvular surgery). 
During admission, the following variables were considered: 
age, gender, definite TNM stage, surgery information, 

https://tcr.amegroups.com/article/view/10.21037/tcr-21-1951/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-21-1951/rc
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pathological information and imaging data.
The time of surgery for all the patients are between 

January 2005 and September 2009.  Neoadjuvant 
chemotherapy was not available in our study, and patients 
with invasive breast cancer received chemotherapy after 
surgery, the chemotherapy regimens [doxorubicin (DOX)/
epidoxorubicin (EPI) + chlorotoxin (CTX) or DOX/EPI 
+ CTX − DTX] and doses were given in accordance with 
NCCN guidelines. Patients with positive lymph nodes and 
high risk of recurrence and metastasis were treated with 
radiotherapy. The criteria for recurrence of the patients 
based on imaging findings. All the tissue samples were 
selected from the medical records of the Department of 
Pathology, Shanghai East Hospital of Tongji University. The 
average patient age was 55.9 years (range, 29–87 years). The 
patients’ clinicopathological data were collected including 
sex, age, tumor node metastasis (TNM) stage (AJCC 6 
version), number of positive lymph nodes, histologic grade, 
estrogen receptor (ER), progesterone receptor (PR), human 
epidermal growth factor receptor 2 (HER2), recurrence, and 
survival status. 

All the patients followed up for almost 10 years, and the 
follow-up data was defined as the time between the date of 
the first diagnosis and the date of death or last follow-up 
time. Among the dead cases during the 10 years of follow-
up, 1 patient died from drug complications and the others 
died as the result of tumor progression. With respect to the 
expression of hormone receptor, immunostaining results 
were considered positive when >5% cells staining positive 
for both ER and PR status. For HER2 overexpression, the 
positive status was the current guideline of 3+ staining by 
immunohistochemistry or fluorescent in situ hybridization 
(FISH) positive. All tissue samples were selected from 
the medical records of the Department of Pathology at 
Shanghai East Hospital of Tongji University. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Ethics Committee of Shanghai East 
Hospital ([2020] Preliminary Examination No. 093) and 
informed consent was taken from all patients.

Immunohistochemical staining and evaluation

CD47 (A1838, 1:200 dilutions; ABclonal, Wuhan, China) 
and MCT1 (ab90582, 1:200 dilutions; Abcam, Cambridge, 
UK) were measured using immunohistochemical staining 
as described previously (12). Each slide was independently 
reviewed by two senior pathologists, and any disagreements 

were resolved by consensus. Pathologists were totally 
blinded to the clinicopathological data and patient status.

A semiquantitative scoring system was applied to 
calculate the positive percentage and intensity of tumor 
cells. The average percentage of positive tumor cells was 
determined in 5 regions of a given tissue. The magnification 
was ×400, and the score ranged from 0–1 (0–100%). The 
staining intensity was scored as negative (−/0), weak positive 
(+/1), positive (++/2) and strong positive (+++/3). Therefore, 
each sample value was generated by a weighted score 
ranging from 0 to 3. Meanwhile, a score ≥0.8 was defined as 
high expression.

Statistical analysis

All data analysis and image generation were performed 
using SPSS 22.0 and GraphPad Prism 8.0. Differences were 
considered significant when the P value was <0.05.

Results

Baseline patient characteristics and immunohistochemical 
staining for CD47 and MCT1 in breast cancer samples

We included 140 individuals diagnosed with breast cancer 
at Shanghai East Hospital of Tongji University between 
January 2005 and September 2009. Three patients were 
lost to follow-up, and several patients had incomplete 
pathological information (4 with ER, 3 with PR and 4 
with HER2). The clinicopathological characteristics of the 
patients are shown in Table 1. We collected data on TNM 
stage, and 33 patients were stage I, 60 were stage II, 44 were 
stage III, and none were stage IV. There were 66 patients 
who were lymph node negative and 61 who were lymph 
node positive. Thirty-seven patients experienced recurrence 
during the follow-up period. The ER, PR, and HER2 status 
of each patient is shown in Table 1. Immunohistochemical 
staining for CD47 and MCT1 is shown in Figure 1. Both 
CD47 and MCT1 were localized to the cytoplasm and 
cell membrane of breast cancer cells. Considering that 
membrane expression is mainly for function, all the analyses 
described were only based on membrane expression.

Expression of CD47 and its prognostic value in breast 
cancer

Considering the important role of CD47 in cancer 
progression, the expression in invasive ductal carcinoma 
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Table 1 Association between CD47, MCT1 or CD47-CD68 expression and various clinicopathological variables in breast cancer

Clinicopathological 
characteristics

N
CD47 MCT1 CD47-MCT1

High expression (%) χ2 P High expression (%) χ2 P High expression (%) χ2 P

Age (years) 0.019 0.890 0.727 0.416 0.325 0.584

<50 43 60.5% 67.4% 51.2%

≥50 94 61.7% 74.5% 56.4%

Histological grade 14.270 ≤0.001* 12.172 0.001* 18.757 ≤0.001*

G1–2 96 51.0% 63.5% 42.7%

G3 41 85.4% 92.7% 82.9%

TNM stage 8.135 0.017* 6.459 0.044* 8.632 0.013*

I 33 66.7% 66.7% 57.6%

II 60 48.3% 65.0% 41.7%

III 44 75.0% 86.4% 70.5%

ER status 0.157 0.706 0.029 1.000 0.462 0.573

Negative 41 63.4% 73.2% 58.5%

Positive 92 59.8% 71.7% 52.2%

PR status 0.016 1.000 0.068 0.848 0.332 0.605

Negative 64 62.5% 73.4% 57.8%

Positive 70 61.4% 71.4% 52.9%

HER2 status 0.155 0.817 0.026 1.000 0.045 1.000

Negative 109 62.4% 72.5% 56.0%

Positive 24 66.7% 70.8% 58.3%

Lymph node 
metastasis

1.252 0.278 2.295 0.165 2.444 0.153

No 66 57.6% 70.2% 48.5%

Yes 61 67.2% 87.5% 62.3%

Death 4.419 0.049* 7.447 0.008* 8.064 0.005*

No 109 56.9% 67.0% 70.7%

Yes 28 78.6% 92.9% 78.6%

Recurrence 4.408 0.048* 0.295 0.671 4.932 0.033*

No 100 56.0% 71.0% 49.0%

Yes 37 75.7% 75.7% 70.3%

*, statistically significant. TNM, tumor node metastasis; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth 
factor receptor 2; CD47, cluster of differentiation 47; MCT1, monocarboxylate transporter 1.

(IDC) tissue was explored by immunohistochemistry. 
Immunohistochemical staining revealed that 61.3% (n=84) 
of the IDC samples had high expression of CD47 and 

38.7% (n=53) had low expression. Additionally, further 
analysis showed a significant correlation between high 
CD47 expression and histological grade (χ2=14.270, 
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P≤0.001), TNM stage (χ2=8.135, P=0.017), death status 
(χ2=4.419, P=0.049), and recurrence status (χ2=4.408, 
P=0.048) (Table 1). These results suggest that CD47 may 
be a prognostic factor for IDC. Furthermore, the Kaplan-
Meier analysis and log-rank test demonstrated that the 
expression of CD47 was associated with shorter 10-year 
overall survival rate (10-OS, P=0.025) and 10-year disease-
free survival rate (10-DFS, P=0.028) (Figure 2). The 
univariate analysis showed that CD47 was a poor prognostic 
factor of survival and recurrence in breast cancer patients 
[10-OS, hazard ratio (HR) =2.703, P=0.031; 10-DFS, HR 
=2.122, P=0.032] (Figure 3). The results of the multivariate 
analysis conducted using the Cox proportional hazard 
model demonstrated that CD47 is not an independent 
prognostic risk factor for either OS (HR =2.285, P=0.104) 
or DFS (HR =1.711, P=0.153) (Figure 4).

Expression of MCT1 and its prognostic value in breast 
cancer

The rate of  high MCT1 expression measured by 
immunohistochemistry in IDC samples was 72.3% (n=99), 
and the rate of low MCT1 expression was 27.7% (n=38). 
Moreover, the expression of MCT1 was significantly 

associated with histological grade (χ2=12.172, P=0.001), 
advanced TNM stage (χ2=6.459, P=0.044) and death status 
(χ2=7.447, P=0.008), which was similar to that observed 
for CD47 (Table 1). Kaplan-Meier analysis and log-rank 
tests showed that overexpression of MCT1 was strongly 
associated with reduced 10-year OS (P=0.007) and DFS 
(P=0.038) (Figure 2). The univariate analysis indicated that 
MCT1 expression (10-OS, HR =5.720, P=0.017; 10-DFS, 
HR =2.299, P=0.044), histological grade, TNM stage, 
ER status, lymph node status and CD47 expression were 
independent prognostic factors for predicting survival and 
recurrence rates in IDC patients (Figure 3). According 
to the multivariate analysis conducted using the Cox 
proportional hazard model, high expression of MCT1 
was only a poor prognostic factor for the 10-OS rate (HR 
=5.720, P=0.047) and was not an independent predictor of a 
poor 10-DFS rate (HR =1.779, P=0.177) (Figure 5).

Expression of CD47-MCT1 and its prognostic value in 
breast cancer

CD47 protein has been reported to be highly expressed 
on cancer cells and to inhibit the phagocytic activity of 
macrophages, and MCT1 polarizes M1 macrophages to the 

50 μm 50 μm 50 μm 50 μm

50 μm 50 μm 50 μm 50 μm

A1 A2 A3 A4

B1 B2 B3 B4

Figure 1 Immunohistochemical staining for CD47 and MCT1 in tissues (magnification, ×400; scale bar: 50 μm). (A) CD47 
immunoreactivity in invasive ductal carcinoma: (A1) patient 1: score =0 (staining negative) × 100% =0; (A2) patient 2: score =1 (staining 
weak) ×100% =1; (A3) patient 3: score =2 (staining moderate) ×100% =2; (A4) patient 4: score =3 (staining strong) ×100% =3. (B) MCT1 
immunoreactivity in invasive ductal carcinoma: (B1) patient 5: score =0 (staining negative) ×100% =0; (B2) patient 6: score =1 (staining weak) 
×100% =1; (B3) patient 7: score =2 (staining moderate) ×100% =2; (B4) patient 8: score =3 (staining strong) ×100% =3. CD47, cluster of 
differentiation 47; MCT1, monocarboxylate transporter 1.
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Figure 2 Kaplan-Meier survival analysis for 10-OS and 10-DFS of breast cancer patients based on CD47 expression (A,D), MCT1 
expression (B,E), and CD47-MCT1 expression (C,F). P values were obtained using the log-rank test. OS, overall survival; DFS, disease-free 
survival. 10-OS, 10-year overall survival rate; 10-DFS, 10-year progression-free survival rate; CD47, cluster of differentiation 47; MCT1, 
monocarboxylate transporter 1.

Clinicopathological characteristics
OS (10-year) DFS (10-year)

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

Age (50< vs. ≥50 years) 2.059 (0.838–5.058) 0.115 1.550 (0.783–3.067) 0.208

Histological grade (I + II vs. III) 2.784 (1.293–5.994) 0.009* 1.561 (0.771–3.161) 0.216

TNM stage (1 vs. 2 vs. 3) 2.404 (1.368–4.224) 0.002* 2.606 (1.639–4.144) ≤0.001* 

ER status (negative vs. positive) 0.322 (0.155–0.671) 0.002* 0.485 (0.267–0.881) 0.018*

PR status (negative vs. positive) 0.736 (0.354–1.529) 0.411 0.739 (0.661–2.002) 0.739

HER2 status (non-amplification vs. amplification) 1.221 (0.495–3.013) 0.664 1.586 (1.000–3.137) 0.208

Lymph node metastasis (no vs. yes) 2.609 (1.188–7.734) 0.017* 3.118 (1.630–5.964) 0.001*

CD47 status (low vs. high) 2.703 (1.096–6.671) 0.031* 2.122 (1.060–4.214) 0.032*

MCT1 status (low vs. high) 5.720 (1.357–24.105) 0.017* 2.299 (1.023–5.168) 0.044*

CD47 and MCT1 status (both low + one high vs. both high) 3.550 (1.439–8.759) 0.006* 2.532 (1.299–4.936) 0.006*

0.1           1                  30 0.1           1                  30

Figure 3 Univariate analysis of variables associated with overall survival and disease-free survival in patients with breast cancer. *, statistically 
significant. OS, overall survival; DFS, disease-free survival; TNM, tumor node metastasis; ER, estrogen receptor; PR, progesterone 
receptor; HER2, human epidermal growth factor receptor 2; CD47, cluster of differentiation 47; MCT1, monocarboxylate transporter 1.

M2 phenotype. Thus, we hypothesized that the expression 
of these two proteins promotes the immune escape of 
cancer cells, and a significant correlation was found between 
the expression of CD47 and MCT1 (γ=0.733, P≤0.001). 

The percentage of combined high expression of CD47 and 
MCT1 (CD47highMCT1high expression) was 54.7% (n=75), 
percentage of combined low expression of CD47 and 
MCT1 (CD47lowMCT1low expression) was 21.2% (n=29), 
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Clinicopathological characteristics
OS (10-year) DFS (10-year)

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

TNM stage (1 vs. 2 vs. 3) 1.849 (1.050–3.254) 0.033* 2.112 (1.320–3.381) 0.002*

Histological grade (I+II vs. III) 1.779 (0.711–4.456) 0.218 1.203 (0.530–2.729) 0.658

ER status (negative vs. positive) 0.386 (0.152–0.985) 0.046* 0.488 (0.233–1.022) 0.057

PR status (negative vs. positive) 1.203 (0.492–2.940) 0.685 1.464 (0.725–2.957) 0.288

HER2 status (non-amplification vs. amplification) 1.221 (0.495–3.013) 0.664 1.436 (0.691–2.984) 0.333

CD47 status (low vs. high) 2.285 (0.843–6.191) 0.104 1.711 (0.820–3.572) 0.153

0.1      1        10 0.1      1        10

Figure 4 Multivariate analysis of variables associated with OS and DFS in breast cancer patients with CD47 status. *, statistically significant. 
OS, overall survival; DFS, disease-free survival; TNM, tumor node metastasis; ER, estrogen receptor; PR, progesterone receptor; HER2, 
human epidermal growth factor receptor 2.

Clinicopathological characteristics
OS (10-year) DFS (10-year)

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

TNM stage (1 vs. 2 vs. 3) 1.744 (0.995–3.057) 0.052 2.110 (1.315–3.388) 0.002*

Histological grade (I+II vs. III) 1.790 (0.733–4.372) 0.201 1.209 (0.540–2.707) 0.644

ER status (negative vs. positive) 0.367 (0.142–0.947) 0.038* 0.482 (0.230–1.012) 0.054

PR status (negative vs. positive) 1.193 (0.476–2.988) 0.707 1.438 (0.707–2.924) 0.316

HER2 status (non-amplification vs. amplification) 1.416 (0.539–3.723) 0.481 1.562 (0.759–3.218) 0.226

MCT1 status (low vs. high) 5.720 (1.357–18.877) 0.047* 1.779 (0.771–4.106) 0.177

0.1     1         20 0.1     1         20

Figure 5 Multivariate analysis of variables associated with OS and DFS in breast cancer patients with MCT1 status. *, statistically significant. 
OS, overall survival; DFS, disease-free survival; TNM, tumor node metastasis; ER, estrogen receptor; PR, progesterone receptor; HER2, 
human epidermal growth factor receptor 2; MCT1, monocarboxylate transporter 1.

percentage of CD47highMCT1low expression was 6.6% 
(n=9) and percentage of CD47lowMCT1high expression was 
17.5% (n=24). Moreover, high expression of CD47 and 
MCT1 was significantly associated with histological grade 
(χ2=18.757, P≤0.001), advanced TNM stage (χ2=8.632, 
P=0.013), death status (χ2=8.064, P=0.005) and recurrence 
status (χ2=4.932, P=0.033) (Table 1). Kaplan-Meier analysis 
and log-rank tests suggested that combined high expression 
of CD47 and MCT1 is associated with the prognosis of 
breast cancer patients (10-OS, P=0.021; 10-DFS, P=0.041) 
(Figure 2). According to the univariate analysis, patients 
with CD47highMCT1high expression had worse 10-OS 
(HR =3.550, P=0.006) and 10-DFS (HR =2.532, P=0.006) 
clinical outcomes (Figure 3). The multivariate analysis 
revealed that CD47highMCT1high expression was also an 
independent predictive factor for poor survival rates and 

disease recurrence (10-OS, HR =3.104, P=0.026; 10-DFS, 
HR =2.176, P=0.033) (Figure 6). 

Coexpression of CD47 and MCT1 and its prognostic value 
in different subgroups of breast cancer

As shown in Table 1, there was a significant difference in 
the expression of CD47 and MCT1 at different histological 
grades and TNM stages. Moreover, multivariate analysis by 
the Cox proportional hazard model with CD47highMCT1high 
expression suggested that ER status was a protective factor 
for breast cancer prognosis (10-OS, HR =0.379, P=0.039; 
10-DFS, HR =0.479, P=0.047) (Figure 6). To explore the 
influence of CD47highMCT1high expression in different 
subgroups of breast cancer, survival curves were plotted by 
Kaplan-Meier analysis. We detected TNM stage separately 
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Clinicopathological characteristics
OS (10-year) DFS (10-year)

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

TNM stage (1 vs. 2 vs. 3) 1.782 (1.018–3.120) 0.043* 2.032 (1.274–3.241) 0.003*

Histological grade (I+II vs. III) 1.603 (0.635–4.047) 0.318 1.100 (0.480–2.522) 0.822

ER status (negative vs. positive) 0.379 (0.151–0.952) 0.039* 0.479 (0.232–0.990) 0.047*

PR status (negative vs. positive) 1.199 (0.496–2.897) 0.687 1.438 (0.719–2.874) 0.304

HER2 status (non-amplification vs. amplification) 1.290 (0.487–3.415) 0.608 1.480 (0.716–3.059) 0.289

CD47-MCT1 status (both low + one positive vs. both high) 3.104 (1.144–8.418) 0.026* 2.176 (1.065–4.444) 0.033*

0.1      1       10 0.1      1      10

Figure 6 Multivariate analysis of variables associated with OS and DFS in breast cancer patients with CD47-MCT1 status. *, Statistically 
significant. OS, overall survival; DFS, disease-free survival; TNM, tumor node metastasis; ER, estrogen receptor; PR, progesterone 
receptor; HER2, human epidermal growth factor receptor 2; CD47, cluster of differentiation 47; MCT1, monocarboxylate transporter 1.

by Kaplan-Meier analysis, the result showed no significant 
difference in single group (TNM I, 10-OS, P=0.113,10-
DFS, P=0.781; TNM II, 10-OS, P=0.083,10-DFS, P=0.082; 
TNM III 10-OS, P=0.229, 10-DFS, P=0.387;) (Figure 
S1). Considered TNM (I + II) was usually defined as early-
stage, CD47highMCT1high expression in different clinical 
stages, TNM stages were regrouped. In the TNM (I + II) 
group, CD47highMCT1high expression was associated with 
poor OS (10-OS, P=0.032; 10-DFS, P=0.134) (Figure S2). 
To further explored the prognosis of CD47highMCT1high 
expression in TNM stages, we regroup TNM stages as 
TNM I vs. TNM (II + III), and the prognosis of patients in 
TNM (II + III) group was significantly different from that 
of the other groups (10-OS, P=0.009; 10-DFS, P=0.003) 
(Figure 7). Similar results were found in the histologic 
grade (I + II) subgroup (10-OS, P=0.004; 10-DFS, 
P=0.034) (Figure 8). In regard to basal-like breast cancer, 
CD47highMCT1high expression correlated with worse 10-OS 
(P=0.047) and 10-DFS (P=0.041) clinical outcomes. In the 
HER2 overexpression group (n=8), coexpression of CD47 
and MCT1 was associated with poorer OS rates (P=0.040) 
but had no significant correlation with 10-DFS outcomes 
(P=0.309) (Figure 9). In the luminal (A+B) subgroup, 
CD47highMCT1high expression was associated with poor 10-
DFS outcomes (P=0.035) but not with 10-OS outcomes 
(P=0.115).

Discussion

Breast IDC is the leading cause of cancer-related deaths 
among women (13). Once recurrence and metastases occur, 
the survival time of breast cancer patients is substantially 

shortened (14,15). Many patients experience metastasis 
after radical surgery and drug therapy, and new prognostic 
factors for breast cancer urgently need to be identified. 

Macrophages of the innate immune system phagocytose 
cancer cells in the TME as one of the first lines of 
defense against cancer. CD47 has been widely reported 
to be associated with several cancers, participates in 
the inhibition of phagocytosis and shortens PFS and 
OS rates (16-18). There are three main mechanisms by 
which CD47 is involved in regulating the tumor immune 
microenvironment. Targeting the CD47-SIRPα axis to 
remove “do not eat me” signals to reduce immune evasion 
is one of the main treatment strategies (19). Furthermore, a 
CD47 inhibitor has been found to promote the capacity of 
DCs to phagocytize and subsequently present antigens to 
CD4+ and CD8+ T cells, resulting in an antitumor adaptive 
immune response (19). Additionally, CD47 activates the 
innate immune response mediated by antibody-dependent 
cellular cytotoxicity (ADCC) (20). In TNBC, CD47 has 
been found to be an independent prognostic factor poor 
for 5-year DFS outcomes (21). In addition, combined 
with CD68 expression on macrophages, high expression 
of CD47 is associated with poor prognosis among breast 
cancer patients (17). To further estimate the effect of high 
expression of CD47 on long-term survival outcomes, 137 
breast cancer samples were immunohistochemically stained 
and statistically analyzed to determine the association 
between CD47 expression levels and 10-OS and 10-DFS 
rates. In our study, high expression of CD47 significantly 
reduced 10-OS and 10-DFS rates among breast cancer 
patients. However, the multivariate analysis indicated that 
CD47 was not an independent prognostic risk predictor (OS, 

https://cdn.amegroups.cn/static/public/TCR-21-1951-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-21-1951-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-21-1951-Supplementary.pdf
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Figure 7 Kaplan-Meier survival analysis for different TNM stage breast cancer patients according to CD47-MCT1 expression. (A,C) 10-OS 
and 10-DFS in TNM I breast cancer patients. (B,D) 10-OS and 10-DFS in TNM (II + III) breast cancer patients. P values were obtained 
using the log-rank test. TNM, tumor node metastasis; OS, overall survival; DFS, disease-free survival; 10-OS, 10-year overall survival rate; 
10-DFS, 10-year progression-free survival rate; CD47, cluster of differentiation 47; MCT1, monocarboxylate transporter 1.
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Figure 8 Kaplan-Meier survival analysis for different histologic stage breast cancer patients according to CD47-MCT1 expression. (A,C) 
10-OS and 10-DFS in histologic grade (I + II) breast cancer patients. (B,D) 10-OS and 10-DFS in histologic grade III breast cancer patients. 
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HR =2.285, P=0.104; DFS, HR =1.711, P=0.153), which is 
consistent with the findings of other studies. These results 
suggest that the mechanism by which CD47 promotes 
breast cancer progression is complex.

According to the Warburg effect, tumor cells that 
proliferate in hypoxic conditions stimulate glycolysis. 
MCT proteins are involved in the metabolism of all cells, 
yet tumor cells or tissues become more dependent on the 
monocarboxylate transport pathway to obtain energy under 
hypoxic or ischemic conditions by metabolic symbiosis (19).  
MCT1 in particular helps tumor cells use lactate as an 
energy source for glycolysis when oxygen is sufficient. 
BT474, SKBR3 and MCF cells have been utilized by 
Hou et al. to demonstrate that upregulation of lactate 
dehydrogenase-A (LDHA) and MCT1 promotes Taxol 
resistance and thus mediates breast cancer progression (22). 
It has also been reported that MCT1 is highly overexpressed 
in TNBC, and high MCT1 expression level has been found 
to be associated with a high recurrence rate (HR =2.26, 
P=0.024) in all breast cancer types (23). In our research, 
Kaplan-Meier analysis and log-rank tests also showed that 

overexpression of MCT1 had a strong correlation with poor 
OS and DFS outcomes in all breast cancer types. However, 
the multivariate analysis showed that high expression of 
MCT1 was not an independent predictor of poor DFS 
outcomes (HR =1.779, P=0.177). We consider that this result 
is due to multifactorial correction in the Cox multivariate 
model.

Our findings indicate that combined high expression of 
CD47 and MCT1 alone is not an independent predictor of 
poor DFS outcomes, and CD47 expression alone is not an 
independent predictor of poor OS outcomes. Nevertheless, 
combined high expression of CD47 and MCT1 served 
as a significant independent factor for poor OS rates and 
disease recurrence (10-OS, HR =3.104, P=0.026; 10-DFS, 
HR =2.176, P=0.033). To understand this phenomenon, 
conjectural interactions between CD47 and MCT1 were 
investigated further. The immunosuppressive nature 
of the local TME was considered first. M2 phenotype 
macrophages are influenced by microenvironment 
stimulation and are known to exhibit anti-inflammatory and 
protumoral effects and are involved in tumor angiogenesis 
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Figure 9 Kaplan-Meier survival analysis for different molecular subtypes of breast patients according to CD47-MCT1 expression. (A,D) 
10-OS and 10-DFS in luminal (A+B) breast cancer patients. (B,E) 10-OS and 10-DFS in HER2 overexpression breast cancer patients. (C,F) 
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and matrix remodeling (24,25). In the TME, growth factors 
and chemokines secreted by the stroma and tumor cells 
recruit peripheral blood monocytes to the tumor site (26). 
Macrophage colony stimulating factor (MCSF) secreted 
by cancer cells increases tumor-associated macrophage 
(TAM) recruitment and induces the M2 phenotype by 
binding to the tyrosine kinase CSF-receptor 1 (CSF-
1R) expressed on monocytes and macrophages (27). M2 
macrophages with higher IL-10 and tumor growth factor β 
(TGF-β) expression levels are usually induced by the IL-6/
STAT3 axis to promote cancer metastasis (28). In lung 
cancer cells, the USP24-p300-NF-κB signaling pathway 
has been reported to increase IL-6 transcription in M2 
macrophages (29). Another important role of macrophages 
in the TME is lactic acid produced by tumor cells. MCT1 
is a protein involved in regulating the release and uptake of 
lactic acid and changing the pH of the microenvironment 
(8,30). MCT1 can via hypoxia-inducible factor 1 (HIF-1) 
maintains the acidity of the TME and is sufficient to induce 
vascular endothelial growth factor (VEGF) and arginase 
1 (ARG1) expressed on TAMs (31,32). VEGF is well 
known to promote neovascularization and the subsequent 
growth of tumors (33). ARG1 is known as a marker of M2 
macrophages and possibly plays a critical role in tumor 
proliferation by producing polyamines (26). In the TNBC 
cell line, MCT1 is overexpressed and secretes PD-L1, IL-
6, CCL2 and MCSF to promote the polarization of M2 
macrophages (8). The high expression level of MCT1 on 
cancer cells results in an increase in IL-6 expression through 
the YY1-EGFR signaling pathway (8). As mentioned 
above, MCT1 enables tumor cells to survive in hypoxia and 
maintains the acidic pH of the TME. Continuous hypoxic 
conditions can induce the production of key monocyte 
recruitment factors, including CCL2, CCL5, CXCL12, 
CSF-1, and VEGF, by tumor cells to recruit TAMs into 
hypoxic regions (34). It has been reported that in hypoxic 
breast cancer cells, HIF-1 directly activates the transcription 
of CD47 (35). Genetic or pharmacological inhibition of 
HIFs blocked the enrichment of CD47+CD73+PD-L1+ 

TNBC cells (36). Based on these findings, MCT1 likely 
provides a suitable condition for TAM recruitment and 
M2 polarization, and the increased expression of CD47 
further inhibits phagocytosis of tumor cells in a hypoxic 
environment. Furthermore, the high expression of PD-L1 
in cancer cells downregulates the cytotoxicity of activated 
T cells. Both mouse and human TAMs express PD-1, and 
PD-1 interaction with PD-L1 on cancer cells decreases 

macrophage phagocytic capabilities (37). 
It is also important to note that effluent lactic acid in the 

TME is responsible for the overexpression of hyaluronic 
acid, TGF-β and CD44, which are cytokines that activate 
EMT (38,39). TAMs can activate Nrf2 in cancer cells, 
in turn increasing EMT through paracrine VEGF (40). 
Cancer cells with an EMT-activated phenotype may exhibit 
higher expression of CD47 as its proximal promoter directs 
the binding of SNAI1 and ZEB1 (41). Furthermore, 
CD47 has been reported to induce EMT by modulating 
N-cadherin and E-cadherin in ovarian cancer (42). This 
complex process ultimately leads to an immunosuppressive 
microenvironment and maintains the EMT phenotype, 
which may explain why combined high expression of CD47 
and CD68 might serve as a prognostic risk factor in breast 
cancer.

There may be some deficiencies in our study. (I) Although 
the effect of the interaction between CD47 and MCT1 in 
breast cancer was speculated, this mechanism needs to be 
explored further. (II) Both MCT1 and CD47 participate 
in the maintenance of the stem cell phenotype and EMT, 
but whether these two markers interact with each other 
is unknown. In addition to the immune mechanism, the 
relationship between the two molecules in other pathways 
also needs to be detected. (III) Our research suggested that 
CD47highMCT1high expression is an independent factor for 
poor prognosis. However, we verified this result only at the 
histological level, thus cytological studies are still needed 
to confirm it. (IV) In our further analysis, we explored the 
coexpression of CD47 and MCT1 and its prognostic value 
in different subgroups of breast cancer. Due to the limited 
number of patients, there were only 8 samples in the HER2 
overexpression subgroup, and the expression of CD47 and 
MCT1 in this group needs to be verified further. Luminal A 
and B were not grouped independently because of the lack 
of Ki-67 status information. CD47highMCT1high expression 
was associated with poor DFS outcomes in the ER-negative 
group, suggesting that these two molecules may affect 
hormone levels to promote the recurrence of breast cancer, 
which needs further study.

Conclusions

In conclusion, our study provided definitive evidence 
for the prognostic value of CD47 and MCT1 in breast 
cancer. In comparison with the expression of CD47 or 
MCT1 alone, the combined high expression of CD47 and 
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MCT1 may be a better independent factor for poor patient 
prognosis and disease recurrence, particularly in the TNM 
(II + III), histologic grade (I + II) and basal-like subgroups. 
Additionally, CD47 and MCT1 coexpression might be 
a new immune microenvironment therapeutic target for 
breast cancer. 
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Supplementary

Figure S1 Kaplan-Meier survival analysis for singly TNM stage in breast cancer patients according to CD47-MCT1 expression. (A,D) 10-
OS and 10-DFS in TNM I breast cancer patients. (B,E) 10-OS and 10-DFS in TNM II breast cancer patients. (C,F) 10-OS and 10-DFS in 
TNM III breast cancer patients. P values were obtained using the log-rank test. TNM, tumor node metastasis; OS, overall survival; DFS, 
disease-free survival; 10-OS, 10-year overall survival rate; 10-DFS, 10-year progression-free survival rate; CD47, cluster of differentiation 
47; MCT1, monocarboxylate transporter 1.

Figure S2 Kaplan-Meier survival analysis for TNM stage (I + II) vs. III in breast cancer patients according to CD47-MCT1 expression. 
(A,C) 10-OS and 10-DFS in TNM (I + II) breast cancer patients. (B,D) 10-OS and 10-DFS in TNM III breast cancer patients. P values 
were obtained using the log-rank test. TNM, tumor node metastasis; OS, overall survival; DFS, disease-free survival; 10-OS, 10-year overall 
survival rate; 10-DFS, 10-year progression-free survival rate; CD47, cluster of differentiation 47; MCT1, monocarboxylate transporter 1.
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