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Deheng Li1,2#, Liangdong Li1,2#, Wentao Yang2,3#, Lei Chen1,2, Xin Chen1,2, Qifeng Wang2,3, Bin Hao1,2,  
Wei Jin2,4, Yiqun Cao1,2

1Department of Neurosurgery, Fudan University Shanghai Cancer Center, Shanghai, China; 2Department of Oncology, Shanghai Medical College, 

Fudan University, Shanghai, China; 3Department of Pathology, Fudan University Shanghai Cancer Center, Shanghai, China; 4Department of Breast 

Surgery, Key Laboratory of Breast Cancer in Shanghai, Fudan University Shanghai Cancer Center, Shanghai, China

Contributions: (I) Conception and design: Y Cao, W Jin; (II) Administrative support: Y Cao, W Jin; (III) Provision of study materials or patients: D 

Li, W Yang, L Chen; (IV) Collection and assembly of data: D Li, L Li, W Yang, Q Wang, X Chen, B Hao; (V) Data analysis and interpretation: 

D Li, L Li, W Yang, Q Wang, X Chen, B Hao; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
#These authors contributed equally to this work.

Correspondence to: Wei Jin. Department of Breast Surgery, Key Laboratory of Breast Cancer in Shanghai, Fudan University Shanghai Cancer Center, 

270 Dongan Road, Xuhui, Shanghai, China. Email: jinwei7207@163.com; Yiqun Cao. Department of Neurosurgery, Fudan University Shanghai 

Cancer Center, 270 Dongan Road, Xuhui, Shanghai, China. Email: yiqun_fduscc@163.com.

Background: Breast cancer (BC) is one of the most lethal malignant tumors and the leading cause of cancer-
related death worldwide. Although early diagnostic techniques for BC have been well developed, 40% of cases 
are still diagnosed at the advanced stage, while for BC patients with distant metastases, the 5-year survival rate 
is usually lower than 30%. The Snail family, generally regarded as transcriptional repressors, has been indicated 
to be an essential prognostic factor in malignant tumors. However, limited data exist on public databases 
concerning the prognostic value of individual Snail family members in BC, especially SNAI3.
Methods: Data from public databases including cBioPortal for Cancer Genomics, Gene Expression 
Omnibus, UCSC Xena Browser, and Human Protein Atlas (HPA) were downloaded. Based on the Kaplan¬–
Meier plotter platform, correlation of the three members of the Snail family and prognosis in BC were 
analyzed. Individual Snail family members and their co-expressed genes were respectively enriched on 
different pathways and biological processes via the functional enrichment analysis (FunRich) tool. 
Results: High SNAI1 mRNA expression was associated with shorter distant metastasis-free survival (DMFS) 
in all BC patients regardless of PAM50 subtype. Conversely, high SNAI3 mRNA expression was associated 
with longer DMFS. Although the presence of SNAI2 expression was significantly associated with DMFS 
in the whole cohort, no significant correlation was found in patients with luminal A or HER2 subtype. 
For patients with the most diverse clinicopathological features, high SNAI1 expression was associated 
with poor survival, with the converse being true for SNAI3. However, the impact on prognosis of patients 
with different clinicopathological features produced by SNAI2 expression was inconclusive. Furthermore, 
we discovered that SNAI1 or SNAI2 and their co-expressed genes frequently enriched receptor tyrosine 
kinase (RTK) signaling and integrin-related pathways which mainly functioned on epithelial-mesenchymal 
transition and were further involved in several processes of signal transduction and cell communication. 
Furthermore, as SNAI3, along with its co-expressed genes, enriched immune-related pathways, it may thus 
play a role in mediating the immune system.
Conclusions: Our analysis revealed that SNAI1 mRNA expression may potentially be a negative 
prognostic factor, whereas SNAI3 mRNA was associated with positive prognosis in BC. Therefore, the 
assessment of SNAI1 and SNAI3 expression may be valuable for predicting prognosis in BC patients.
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Introduction

Breast cancer (BC) is one of the most frequently diagnosed 
cancers worldwide and is the leading cause of cancer-
related death in females (1). China once had a relatively 
low incidence of BC, but since the 1990s, the growth rate 
has increased to twice that of the global rate, with BC 
being especially prevalent in urban areas (2). Although 
early diagnostic techniques have reached relative maturity, 
inherent barriers may contribute to a more frequent 
presentation of advanced-stage BC, especially in China (3,4), 
with the greater delay in diagnosis always resulting in worse 
prognosis and stage progression (5). Given these facts, 
the ability to predict the prognosis of BC by identifying 
potential prognostic markers is a crucial clinical need.

Snail family members of vertebrates, which include 
Snail1 (encoded by the SNAI1 gene), Snail2 (encoded by 
the SNAI2 gene and also named Slug), and Snail3 (encoded 
by the SNAI3 gene and previously named Smuc), are zinc 
finger proteins that function as transcriptional repressors (6).  
Given their nature, SNAI1 and SNAI2 have been extensively 
studied in humans for nearly a decade. Their main 
mechanism of effect was revealed to be a suppression of 
CDH1 transcription, which leads to a loss of the E-cadherin 
expression protein and the inducement of epithelial-to-
mesenchymal transition (EMT) (7,8). It is well known that, 
besides participating in normal developmental processes, 
EMT plays a critical role in malignant transformation and 
tumor progression (9). Thus, it is widely accepted that SNAI1 
and SNAI2 are associated with the malignant biological 
properties of cancer cells. Clinical data indicate that the 
reactivation of either of these two proteins is associated 
with a high rate of metastasis and a rather poor prognosis in 
various malignant tumors, including gastric cancer and lung 
cancer (10,11). SNAI3 was the most recent member of this 
family to be discovered, and unlike the other two proteins, 
less information about the function of SNAI3 is known. This 
protein shares the structure of the C-terminal DNA-binding 
domain and N-terminal transrepression domain with both of 
its fellow Snail members, SNAI1 and SNAI2. 

Further research, based on analyzing the expression, 
location, and biological processes of the Snail family, has 
revealed other non-EMT–related functions (12,13). Several 
studies have demonstrated a correlation of Snail family with 
prognosis in various malignant tumors. A Chinese gastric 
cancer cohort reported that SNAI1 protein expression was 
closely linked to both clinicopathological characteristics 
and survival (P<0.001) (14). In BC, high SNAI1 expression 

detected by immunohistochemistry (IHC) in tumor tissue 
was found to be directly correlated with poor survival in 
breast invasive ductal carcinoma patients, regardless of 
human epidermal growth factor receptor 2 (ERBB2) status 
(15,16). The role of SNAI2 in various cancer types has 
also been investigated, with its protein expression being 
associated with unfavorable prognosis (17-19). However, 
there are limited reports concerning the prognostic value 
of SNAI3, and the few published studies that do exist are 
limited by the subjective interpretation of IHC methods or 
small sample sizes. 

Therefore, the current study endeavored to evaluate the 
expression of Snail family members in a large cohort of BC 
patients taken from public databases. We here present the 
evidence drawn from this study, indicating a correlation 
between the expression of all three SNAI mRNAs with 
prognosis in BC patients. 

We present the following article in accordance with the 
MDAR checklist (available at http://dx.doi.org/10.21037/
atm-20-681).

Methods

Based on the data from cBioPortal for Cancer Genomics 
(http://www.cbioportal.org/), we analyzed the genomic 
alterations of the three members of the SNAI family 
in solid tumors, as well as the co-expressed genes with 
these three genes in BC, respectively. After screening 
the co-expressed genes (Pearson’s correlation of >0.3 or 
<−0.3), the potential biological pathways and biological 
processes were further predicted with FunRich software 
(version 3.1) (20). Normalized mRNA expression profile 
data were downloaded from Gene Expression Omnibus 
(GEO) (http://bioprofiling.de/GEO/PPISURV/ppisurv.
html). These data were used to analyze the prognostic 
value of these three SNAI family members in solid tumors. 
For further validation, we obtained the individual SNAI 
family members’ mRNA expressions in BC from UCSC 
Xena Browser (https://xenabrowser.net/). Clinical data, 
including intrinsic subtype, grade, estrogen receptor (ER), 
progesterone receptor (PR), and human epidermal growth 
factor receptor-2 (HER2) status, were collected. With 
the aim of assessing the prognostic values of the three 
Snail family members in BC, each member was entered 
into the database (http://kmplot.com/analysis/index.
php?P=service&cancer=breast). The primary outcome was 
distant metastasis-free survival (DMFS), while recurrence-
free survival (RFS) and overall survival (OS) were the 

http://dx.doi.org/10.21037/atm-20-681
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secondary evaluation indicators of prognosis. DMFS, 
RFS, and OS were defined as latency to the first distant 
metastasis, disease relapse, and death, respectively. We then 
further analyzed the impact of the three individual Snail 
family members on the survival of BC patients with diverse 
clinicopathological characteristics. Ethical approval was not 
required because the data used in this study are from public 
databases, and informed consent was waived because of the 
retrospective nature of this study.

Kaplan-Meier  plots  with number-at-r isk,  95% 
confidence intervals, log-rank P value, and hazard ratio 
(HR) were obtained from the webpage (http://kmplot.com/
analysis/index.php?P=service&cancer=breast). Data from 
the Human Protein Atlas database (http://www.proteinatlas.
org/) were utilized to analyze the expression level of 
individual Snail family members in solid tumors. A P-value 
of less than 0.05 was regarded as statistically significant.

Results

Differences in expression and gene alterations of individual 
Snail family members

The protein expression status of the Snail family members 
was evaluated in the HPA database. These three members 
showed different expressions across various normal tissues. 
SNAI1 protein levels were significantly high in gallbladder 
tissue, while those of SNAI2 and SNAI3 were relatively 
high in cervix and skeletal muscle, respectively. Normal 
breast tissue exhibited relatively low-level expressions of 
SNAI1 and SNAI3, whereas SNAI2 presented a markedly 
high level of expression (Figure S1A). 

In tumor tissue, we discovered that SNAI1 was 
overexpressed among most of the malignant tumors. The 
expression of SNAI2 and SNAI3 in various tumors was 
frequently low (Figure S1B). In BC, nearly 90% of samples 
exhibited an overexpression of SNAI1, while the expression 
of SNAI2 and SNAI3 was often medium or low. 

We also analyzed the genomic alternations in solid 
tumors using 11,165 samples from the cBioportal database. 
The most common alteration types were copy number 
amplification (CNA) in the SNAI1 and SNAI2 genes and 
copy number deletion in the SNAI3 gene (Figure 1A). In 
BC, 5% of patients presented SNAI1 alterations, with 
the most common being copy number alteration (CNA), 
followed by mRNA upregulation, protein downregulation, 
protein upregulation, and missense mutation (Figure 1B). 
The distribution of SNAI2 alterations was similar with that 

of SNAI1. However, only 5% of BC patients showed genetic 
SNAI3 alterations. mRNA upregulation and deep deletion 
were the two most common alternation types (Figure 1B).  
Furthermore, extremely low mutation frequency was 
present in BC, with the most frequently mutations being 
R243Q and R220C in the SNAI1 gene, and S63W in 
the SNAI3 gene, (Figure 1C). No SNAI2 mutations were 
observed in BC. The CNA and mRNA expression levels of 
the three SNAI genes are presented, based on the PAM50 
subtype, in Figures 1D and 1E, respectively. SNAI1 and 
SNAI2 tended to show gene amplification in all subtypes, 
whereas, for SNAI3, deletion was predominant. For mRNA 
expression, the basal subtype mainly showed SNAI1 and 
SNAI2 upregulation, along with SNAI3 downregulation. 
A similar result was discovered in the HER2-enriched 
subtype. However, in the luminal A and luminal B subtypes, 
all three proteins were mainly downregulated, which 
contrasted starkly with the expressions found in the basal 
and HER2-enriched subtypes.

Prognostic values of Snail family members in BC patients

First, the prognostic value of the three Snail family 
members in solid tumors was explored using the data from 
Gene Expression Omnibus (GEO) (Supplementary 1, 
available at https://cdn.amegroups.cn/static/application/cce
367de5ef80c1cb77dbb6c03be5009/10.21037atm-20-681-1.
pdf). The survival effect produced by SNAI1 in all included 
tumors was significantly negative, while SNAI3 produced 
a positive effect on survival for these tumors. SNAI2 
demonstrated neither a consistently negative nor positive 
impact on survival in different tumors. Meanwhile, high 
mRNA levels of SNAI1 mainly correlated with significantly 
poor survival in BC patients with premenopause status 
(P=0.0025) or triple-negative subtype (P=0.0285). In 
contrast, SNAI3 showed a positive relation between high 
expression and better survival in certain BC types, including 
lymph node–positive, progesterone receptor–negative, 
estrogen receptor–negative, and HER2 overexpression 
subtypes, and in those patients who received radiation 
treatment (Supplementary 1, available at https://cdn.
amegroups.cn/static/application/cce367de5ef80c1cb77dbb6
c03be5009/10.21037atm-20-681-1.pdf).

To validate the prognosis of the Snail family members 
in BC, we downloaded the data of BC patients from 
cBioPortal. In total, 1746 patients were detected with 
SNAI1 and SNAI2 expression, and 664 were detected 
with SNAI3. The Kaplan-Meier Plotter platform was 
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further used to determine the association between the 
survival of BC patients and the expression of SNAI family 
members. The DMFS survival curves are shown in Figure 2.  
We observed that low SNAI1 mRNA expression was 
associated with better DMFS (Figure 2A, HR =1.55, 95% 
CI: 1.28–1.89, P=1.1×10-5). On the contrary, high mRNA 
expression of SNAI3 was significantly associated with 
favorable DMFS (Figure 2C, HR =0.49, 95% CI: 0.33–0.72, 
P=0.00026). For SNAI2, a slight statistical difference was 
observed for the effect of mRNA expression on prognosis  
(Figure 2B, HR =1.24, 95% CI: 1.01–1.53, P=0.042). 
Moreover, we confirmed that the Snail mRNA expression 
level was correlated with RFS and OS (Figure S2). The 
mRNA expression of any member of the SNAI family 
presented significant statistical difference, except for the 
effect of SNAI2 mRNA expression on OS. 

Additionally, we further explored whether Snail mRNA 
expression affected prognosis in BC with various PAM50 
intrinsic subtypes (Figure 3). In all the four subtypes, 
SNAI1 was significantly associated with worse DMFS  
(Figure 3A,B,C,D), but SNAI3 was significantly correlated 
with better DMFS (Figure 3I,J,K,L). The significant 
correlation between SNAI2 and DMFS was only observed 
in the basal-like BC type (Figure 3H, P=0.014), and no 
association was found in the other types. 

Prognostic values of SNAI family members in BC patients 
with various clinicopathological features

Next, we identified the prognostic values of the Snail 
expression of patients with different clinicopathological 
features, including grade, ER, PR, and HER2 status  
(Table 1). Regardless of grade II/III, ER, PR, lymph node 
status, or treatment history, high SNAI1 mRNA expression 

was associated with poor DMFS. For the TP53 wild-type 
patients, a correlation between SNAI1 and short DMFS 
was discovered, while no association was observed between 
SNAI1 expression and DMFS in TP53-mutant patients. 
The effect of SNAI2 expression on survival was dynamically 
based on different clinicopathological statuses, including 
ER, grade, TP53, and treatment history. Furthermore, 
high SNAI3 mRNA expression was associated with better 
DMFS in patients with any of TP53 status, the basal-like 2 
subtype, and those who had undergone endocrine therapy 
or chemotherapy. The analyses of RFS and OS are shown 
in the Supplementary 2, available at https://cdn.amegroups.
cn/static/application/8b93f873767d8d06f76b154eb3e220
88/10.21037atm-20-681-2.pdf. For patients with most of 
the listed features, high SNAI1 expression was correlated 
with poor RFS and OS, while the opposite was true for 
high SNAI3 expression. Furthermore, the impact of SNAI2 
expression on long-term survival varied with the diverse 
clinical features of patients.

Pathway enrichment and biological process analysis of 
individual Snail family members and their co-expressed 
genes

Lastly, the pathways and biological processes of the three 
different Snail family genes and their co-expressed genes 
were investigated (Supplementary 3, available at https://
cdn.amegroups.cn/static/application/e19ccde1fe181a3fff3c
28d98075596a/10.21037atm-20-681-3.pdf). The network 
reflected interactions between Snail family members and 
a total of 2053 non-redundant co-expressed genes. As 
shown in Figure 4A,B, SNAI1 was found to participate in 
the mediation of multiple biological processes including 
signal transduction, regulation of cell shape, and cell 
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Figure 3 Distant metastasis-free survival analysis of diverse SNAI mRNA expression patterns in different subtypes of BC. (A,B,C,D) SNAI1, 
(E,F,G,H) SNAI2, (I,J,K,L) SNAI3. 
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Figure 4 Pathway and biological process analyses of different SNAI genes and their co-expressed genes. (A,B) SNAI1, (C,D) SNAI2, (E,F) 
SNAI3.
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communication, and to carry out biological functions 
through multiple signaling pathways including the TRAIL 
pathway, ER signaling, VEGF/EGFR signaling, α9β1 
integrin signaling, and others. SNAI2 and its co-expressed 
genes mainly enriched similar biological processes, 
including signal transduction and cell communication, 
and the close pathways, like integrin family cell surface 
interactions (CSI) (Figure 4C,D). For SNAI3 and its co-
expressed genes, while most of the mapped processes and 
pathways were comparable with those of its two family 
members, immune-related items were also significantly 
enriched (Figure 4E,F).

Discussion

In the current study, we probed the public databases to 
determine the associations of Snail family members with 
survival outcomes in patients with BC. The results indicated 
that SNAI1 had a relatively higher expression in BC tissue 
than in most types of tumors but a lower expression in 
normal breast tissue, with its high expression correlating 
with worse survival in BC patients. The expression status 
of SNAI3 mRNA was different from that of SNAI1 in 
tumor and normal tissues and had the opposite impact on 
survival. SNAI3 might thus be a better potential prognostic 
biomarker in patients with BC. For patients with diverse 
clinicopathological features, a high expression of SNAI1 
generally indicated worse DMFS. SNAI3 had a markedly 
higher expression in BC tissues, which mostly indicated 
favorable survival. However, the prognostic value of SNAI2 
expression could not be determined. The current work is 
the first to report the expression of SNAI family members 
in BC by utilizing the public database. 

The details concerning the function of SNAI1 on EMT 
have been reported, with SNAI1 showing a closer link 
with E-cadherin than the other two proteins (8). It is also 
a candidate prognostic factor in diverse malignant tumors, 
especially BC. In the present study, E-cadherin was not 
discovered in co-expressed genes of SNAI1, and the high 
expression of SNAI1 mRNA was still associated with poor 
survival. Our data confirmed that SNAI1 was a biomarker 
for BC prognosis again. Meanwhile, we found that 
SNAI3, the lesser-known Snail member, had a correlation 
with positive prognosis in BC. Preclinical research has 
indicated that decreased SNAI3 expression is associated 
with the increased expression of CDH1 via knockdown of  
FOXD4 (21), while a higher expression of CDH1 is 
significantly related with cell migration and invasion ability, 

which may lead to poor prognosis. In ovarian cancer, 
patients with SNAI3 high expression were found to have 
longer overall survival than those with low expression, 
demonstrating that SNAI3 is a good prognostic factor (HR 
=0.61, P=5.73×10-5) (22). These findings are consistent with 
our results and provide a foundation on which to perform 
further clinical sample validation in subsequent research. 

The TRAIL pathway is a classically extrinsic signaling 
pathway that mediates cell apoptosis (23). One study 
examined tumor cells and discovered that SNAI1 could 
increase TRAIL-induced apoptosis by enhancing P53 
expression (24). In the current study, we discovered that 
patients with TP53 wild status tended to present with a 
high expression of SNAI1. This is in line with previous 
studies in which SNAI1 was frequently overexpressed in 
BC, inhibiting TRAIL-induced apoptosis and leading to the 
proliferation of tumor cells. Integrin-related pathways, such 
as the α9β1 integrin pathway, integrin family cell surface 
interactions, β1 integrin cell surface interactions, and 
others, were also significantly enriched by SNAI1 or SNAI2 
and their co-expressed genes. This phenomenon may be 
due to integrins playing key roles in the EMT process (25).  
For example, integrin α3β1 can bind to laminin and 
E-cadherin to promote TGFβ-SMAD signaling and induce 
EMT (26), and increased integrin α5β1 expression can 
enhance cell adhesion and cell migration (27). Moreover, 
the mechanism of integrin members promoting EMT is 
general as they can induce PI3K/AKT pathway activation 
by increasing SNAI1 expression; receptor tyrosine kinase 
(RTK)-related pathways, including ErbB receptor signaling 
and c-Met signaling, work by a similar principle (28). In 
BC, the loss of hormonal dependency is often accompanied 
by the appearance of EMT, while the increased expression 
of SNAI1 is associated with a decrease in estrogen  
dependency (29). Thus, SNAI1 and its co-expressed genes 
are enriched in the estrogen receptor (ER) signaling 
pathway. 

Furthermore, compared with the other proteins, SNAI3 
and its co-expressed genes were more enriched in immune-
related pathways and biological processes. Although 
SNAI3 shares the same basic structure with the other 
members in this family and is always well characterized 
as a transcriptional repressor, these findings indicate that 
SNAI3 may also play a role in the function of the immune 
system. In the present study, SNAI3 was highly expressed 
in skeletal muscle and lymph nodes, which suggests that 
the deletion of this gene might lead to embryonic lethality 
and T cell development anomalies. However, researchers 
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previously discovered that SNAI3 knockout in mice had 
no impact on reproduction, viability, or immune cell 
derivation (30). Further experiments found that SNAI2 
functionally complements the absence of SNAI3, and the 
analysis of the hematopoietic system in double-knockout 
mice (SNAI2-/SNAI3-) revealed that these two genes could 
influence the development of hematopoietic cells (31). 
Also, the conditional double deletion of SNAI2 and SNAI3 
could produce a fatal autoimmunity of severely impairing 
B cell and T cell generation, and this phenomenon could 
be reversed by enhancing wild-type Tregs (32). In other 
words, the Snail family members may act as transcriptional 
regulators that play necessary roles in maintaining 
immune tolerance. SNAI3 was revealed to function as 
a transcriptional regulator in the hematopoietic system; 
however, SNAI1 was not required for hematopoiesis as 
SNAI1-deleted mice were healthy and showed no obvious 
hematopoietic deficiencies (31,33). Meanwhile, the 
overexpression of SNAI3 in the hematopoietic system led 
to a decrease of mature lymphocytes and an increase in the 
development of cells with myeloid lineage. Taken together, 
these results suggest that SNAI3 mediates the immune 
process.

Conclusions

In conclusion, the upregulation of the SNAI1 was associated 
with poor prognosis in BC patients, whereas increased 
SNAI3 expression was associated with better survival. 
Based on these findings, further exploration into the exact 
function of SNAI1 and SNAI3 in BC are warranted. 
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Figure S1 Expression of SNAI family members. (A) mRNA expression level in normal tissue; (B) protein expression level in solid tumors.
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Figure S2 Influence of three SNAI mRNA expression patterns on relapse-free survival (A,B,C) and overall survival (D,E,F). SNAI1, A and D; 
SNAI2, B and E; SNAI3, C and F. 
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