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Abstract

Background: Many studies have reported the relationship between prognosis and Slug protein expression in breast
cancer patients, but the results are discrepant. Therefore, there is a need for meta-analyses with high statistical power
to investigate and further explore their relationship.

Methods: We used PubMed, Embase, the Cochrane Library, Scopus, MEDLINE, and the Web of Science to find studies
on breast cancer and Slug. Overall survival (OS) and disease-free survival (DFS) were the study’s primary endpoints.
We pooled hazard ratios (HRs) and odds ratios (ORs) to assess the association between Slug protein expression and
prognostic and clinicopathological parameters. This study was performed using STATA version 14.0 for data analysis.
(Stata Corporation, TX, USA).

Results: We conducted a literature search by searching six online databases. Ultimately, we obtained eight studies
including 1458 patients through strict exclusion criteria. The results showed that increased Slug protein expression
resulted in poorer OS (HR=2.21;95% Cl=1.47-3.33; P<0.001) and DFS (HR=2.03; 95% Cl=1.26-3.28; P=0.004)

in breast cancer patients. In addition, the results suggested that breast cancer patients with increased Slug protein
expression had a higher TNM stage (-1l vs lll-IV; OR=0.42; 95% Cl=0.25-0.70; P=0.001), a greater tendency to have
axillary lymph node metastases (N+ vs NO; OR=2.16; 95% Cl=1.31-3.56; P=0.003) and were more prone to estro-
gen receptor deficiency (positive vs negative; OR=0.67; 95% Cl=0.45-0.99; P=0.042). However, Slug protein expres-
sion was not associated with age, histological grade, tumor size, progesterone receptor status, or human epidermal
growth factor receptor 2 status in breast cancer patients.

Conclusion: This meta-analysis showed that elevated Slug protein expression may be related to poor outcomes in
patients with breast cancer. Therefore, Slug is not only an indicator of patient survival but may also become a new

target for breast cancer therapy.
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Introduction

Breast cancer is the most common malignancy among
women worldwide and is one of the leading causes of
death among women aged 20-50 years [1]. In the 2020
Global Cancer Statistics, the number of breast cancer
cases overtook lung cancer as the world’s most preva-
lent malignancy [2]. The annual incidence rate is still on
the rise [3]. Breast cancer survival rates improve as sys-
temic treatment strategies become more abundant [4].
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However, the lack of effective predictors of disease pro-
gression and the widespread drug resistance in breast
cancer means that these therapies remain unsatisfactory
for some patients with breast cancer [5]. Therefore, it is
imperative that researchers identify precise biomarkers
of breast cancer and potential therapeutic targets for the
treatment of the disease to improve survival [6, 7].

Snail family zinc finger 2 (Slug) is a C,H, zinc-finger
transcriptional repressor belonging to the three-member
family of snail proteins (Snail, Slug, and Smuc), which
mediates sequence-specific interactions with DNA [8],
and has many biological functions, such as cell migration,
cell invasion, cell cycle regulation, and stem cell char-
acteristics in tumor cells [9]. In addition, reports have
suggested that Slug protein expression is increased in
various cancer cells, including lung, breast, ovarian, pan-
creatic, and colorectal cancers [10]. Previous studies have
demonstrated that Slug affects breast cancer progres-
sion at many stages [11-13]. For example, slug acts as an
important signaling pathway that promotes the prolifera-
tion and migration of breast cancer cells [14, 15]. Moreo-
ver, Slug induces and maintains the tumorigenic capacity
of breast cancer cells [16]. Several studies have found that
elevated Slug protein expression in breast cancer cells
may be associated with multiple drug resistance, includ-
ing resistance to chemotherapy and endocrine therapy
[17, 18].

Many studies have explored the role of Slug protein
in the clinicopathological parameters and prognosis of
breast cancer, but the results were inconsistent [19-21].
Thus, it is essential to conduct a meta-analysis with high
statistical power to study the role of Slug protein in the
progression of breast cancer.

Methods

The meta-analysis, as a traditional research method, pro-
vides convincing and reliable evidence related to medi-
cal health. Their value is particularly evident when their
studies show similar clinically essential effects [22]. A
detailed description of the meta-analysis can be found in
the Additional file 1: Supplementary file. This study was
registered with the International Prospective Register of
Systematic Reviews database (PROSPERO), and the iden-
tification code is CRD42021224716. All aspects of the
Preferred Items for Reporting of Systematic Reviews and
Meta-Analyses (PRISMA) were followed [23].

Search strategy

We conducted this study by searching PubMed, Embase,
Cochrane Library, Scopus, MEDLINE, and Web of Sci-
ence (for dates up to June 26, 2022) with the keywords:
“SLUG” or “SNAIL2” or “SNAI2’, “breast cancer” or
“breast neoplasm” or “breast tumor” For example, the
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search query in PubMed was (((Breast Neoplasms [MeSH
Terms]) OR (breast cancer)) OR (breast tumor)) AND
(((SNAI2[MeSH Terms]) OR (SLUG)) OR (SNAIL2)). In
addition, a further manual search of the reference lists of
eligible studies was conducted to identify additional rel-
evant studies.

Inclusion and exclusion criteria

The inclusion criteria of this meta-analysis were as fol-
lows: (1) all studies had prognostic or clinicopathologi-
cal outcomes. (2) Slug protein expression was analyzed
in all breast cancer patients; (3) Hazard ratios (HRs) with
confidence intervals (CI) could be extracted directly or
inferred from Kaplan-Meier curves. (4) Clinical param-
eters for calculating the odds ratio (OR) can be extracted.
The exclusion criteria: (1) conference abstracts, letters,
reviews, meta-analyses, and animal model studies were
excluded. (2) Studies that did not provide sufficient data
were excluded.

Data extraction and assessment of quality

Two researchers (Zhang and Fang) extracted the data
for the studies separately. When disagreements arose,
they were resolved through discussion. Data extraction
included author, country, year of publication, number of
patients, mean age (years) and median follow-up time
(months), survival data, and clinicopathological param-
eters. In addition, Slug antibody dilution, location, and
critical values were extracted. HRs for assessing progno-
sis were extracted directly from the paper, or if HRs could
not be extracted directly, we chose to estimate HR from
Kaplan-Meier curves via Engauge Digitizer Version4.1
(http://markummitchell.github.io/engauge-digitizer/).
The quality of articles was evaluated using the Newcastle
Ottawa Scale (Nos) [24], which has a maximum score of
9, and we discarded articles with a score of 5 or less.

Data synthesis and statistical analysis

HR was used as an effect size indicator to assess the rela-
tionship between Slug protein expression and patient sur-
vival. An HR>1 indicates that increased Slug expression
is detrimental to the survival of breast cancer patients.
For studies where HR was not provided, we extracted data
from Kaplan-Meier curves using Engauge Digitizer Soft
4.1 (http://markummitchell.github.io/engauge-digitizer/)
[25]. Using log-rank tests, we then replicated the Kaplan-
Meier curves (GraphPad Software) and estimated HRs
and their 95% Cls.

The OR represents the relationship between Slug
expression and clinical parameters. We extracted clinical
parameters for which we could calculate the OR and its
CI and imported the data into STATA, where the OR val-
ues could be generated automatically. OR>1 represents
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an increase in slug expression associated with more
severe clinical parameters.

STATA version 14.0 (Stata Corporation, TX, USA) soft-
ware was used for data aggregation and analysis. Effect
size assessment is expressed as a pooled HR or OR with
95% CI. Statistical significance is expressed as a pooled
P, and a P<0.05 was considered statistically significant.
The Cochran Q test and I? statistics were used to meas-
ure heterogeneity; P<0.1 and I value >50% represented
substantial heterogeneity [22]. At this point, the random
model was used, and subgroup analysis was performed
to detect potential heterogeneity. Otherwise, the fixed-
effects model was used [26]. Sensitivity analysis was used
to check data stability, and Egger’s test was used to detect
publication bias.

Results

Search results

We obtained 2507 articles by searching PubMed,
Embase, Cochrane Library, Scopus, MEDLINE, and Web
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of Science, with 756 records saved after duplicates were
removed. We then strictly filtered the articles by inclu-
sion and exclusion criteria. We obtained 69 articles after
excluding those that were not human studies, an inappro-
priate type of article and irrelevant articles by reading the
title and abstract. By reading the full text of 69 articles,
24 articles were found to have no available outcome indi-
cators, 33 reviews, and 5 papers with insufficient data.
Eventually, a total of 1458 patients were included in the
final eight studies [21, 27-33]. The study selection pro-
cess is shown in Fig. 1.

Characteristics of eligible studies

We have summarized the extracted data in Tables 1
and 2. The quality of all studies is listed in the table
(Additional file 2: Table S1), and all studies were of
a quality greater than 5. The included studies were
all published between 2009 and 2019. None of the
patients had received radiotherapy or chemother-
apy, and all studies analyzed Slug protein expression
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Fig. 2 Forest plot depicting association between Slug protein expression and OS (a) and DFS (b) in breast cancer

using immunochemical (IHC) staining. The criteria
used to assess Slug protein expression in these stud-
ies remain inconsistent, with four studies [10, 14, 22,
23] determining expression levels by the product of
the percentage of positive cells scored and the inten-
sity of staining score, three studies [24, 25, 27] deter-
mining Slug expression thresholds based only on the
percentage of cells showing immunoreactivity, and one
study [26] not describing the judging method in detail.
Therefore, we cannot give a uniform threshold for high

or low Slug protein expression, and we can only sum-
marize the results of each study.

Correlation between slug expression and prognosis

A total of 5 articles provided OS-related data. Due to the
low heterogeneity (I>=4.0%), we used the fixed-effect
model to pool HR, and the combined results showed
that increased Slug protein expression was associated
with poor OS (pooled HR=2.21; 95% CI=1.47-3.33;
P <0.001) (Fig. 2a). We did not perform subgroup analysis
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because of light heterogeneity (I*<50%). A total of five
studies provided DFS-related data because there was
low heterogeneity (> =26.8%); we used the fixed-effect
model to pool HR, and the combined results showed
that elevated Slug protein expression was associated
with poor DFS (pooled HR=2.03; 95% CI=1.26-3.28;
P =0.004) (Fig. 2b).

Correlation between slug expression

and clinicopathological parameters

A total of 7 articles provided related clinicopathological
data; the specific characteristics are shown in Table 2.
The clinicopathological parameter pooled OR values
are shown in Table 3. The results showed that breast
cancer patients with increased Slug protein expres-
sion had a higher TNM stage (I-II vs III-IV; pooled
OR=042; 95% CI=0.25-0.70; P =0.001) (Addi-
tional file 3: Figure Sla), were more prone to axillary
lymph node metastasis (N+ vs NO; pooled OR=2.16;
95% CI=1.31-3.56; P =0.003) (Additional file 3: Fig-
ure S1b) and had more severe ER deficiency (positive
vs negative; pooled OR=0.67; 95% CI=0.45-0.99;
P =0.042) (Additional file 3: Figure S1c). However, this
study shows that Slug protein expression is not associ-
ated with patient age (<50 vs >50; pooled OR=1.15;
95% CI=0.80-1.64; P =0.455) (Additional file 4:
Figure S2a), histological grade (I-II vs III; pooled
OR=0.58; 95% CI=0.30-1.12; P =0.104) (Additional
file 4: Figure S2b), tumor size (<2 c¢cm vs >2 c¢m; pooled
OR=0.91; 95% CI=0.64-1.28; P =0.577) (Addi-
tional file 4: Figure S2c), PR status (positive vs nega-
tive; pooled OR=0.84; 95% CI=0.38-1.85; P =0.661)
(Additional file 4: Figure S2d), and HER-2 status (posi-
tive vs negative; pooled OR=0.70; 95% CI=0.47-1.06;
P =0.089) (Additional file 4: Figure S2e).

Table 3 Relationship of Slug expression and clinicopathological
parameters of breast cancer

Features OR(95%Cl) P P Model
Age (<50 vs>50) 1.15(0.80, 1.64) 0.455 0.00%  Fixed
Histological grade (G1+G2  0.58(0.30,1.12) 0.104 73.20% Random
vs G3)

Tumor size (€2 cmvs>2cm) 091 (0.64,1.28) 0577 63.80% Random
LN (N+ vs NO) 2.16(1.31,1.56) 0.003 61.80% Random
TNM (-1l vs 11-1V) 042 (0.25,0.70) 0.001 0.60% Fixed

ER status (positive vs nega-  0.67 (045,0.99) 0.042 0.00%  Fixed
tive)

PR status (positive vs nega-  0.84(0.38,1.85) 0.661 7290% Random
tive)

HER-2 status (positive vs 0.70(047,1.06) 0.089 0.00%  Fixed

negative)
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Sensitivity analysis and publication bias

Our analysis of publication bias using Egger’s test
correlation test revealed no bias for OS (P=0.751)
(Fig. 3a) and DFS (P=0.596) (Fig. 3b). The sensitiv-
ity analysis showed that the results were reliable for
OS (Additional file 5: Figure S3a) and DFS (Additional
file 5: Figure S3b).

Discussion
We used this meta-analysis to determine the relationship
between slug expression in breast cancer and prognostic
and clinicopathological parameters. Here, we selected
eight articles involving 1458 patients. Our meta-anal-
ysis showed that increased Slug protein expression in
breast cancer was associated with poorer OS (combined
HR=2.21; 95% CI=1.47-3.33; P<0.001) and DFS (com-
bined HR=2.03; 95% CI=1.26-3.28; P=0.004). To fur-
ther explore the role of Slug protein in breast cancer, we
further analyzed the relationship between its expression
and clinicopathological parameters of breast cancer. The
results showed that patients with increased Slug expres-
sion in breast cancer tended to have a higher TNM stage
(I-1I vs III-IV; combined OR=0.42; 95% CI=0.25-
0.70; P=0.001) and were more prone to axillary lymph
node metastasis (N+ vs NO; combined OR=2.16; 95%
CI=1.31-3.56; P=0.003). Therefore, we hypothesize
that a high level of Slug protein expression induces tumor
metastasis and progression via various pathways, thus
leading to poor cancer patient prognosis. Hence, Slug
expression may be a biomarker for breast cancer patient
prognosis. In addition, there was no significant heteroge-
neity in our primary outcomes OS and DEFS. Sensitivity
analysis suggests that our study is stable and credible.
Slug has been associated with the prognosis of a variety
of cancer cells. Liu et al. [34] and Song et al. [35] found
that Slug expression was higher in lung cancer cells than
in normal lung tissue and that increased expression of
Slug in lung tumor cells was associated with poorer sur-
vival and more aggressive clinicopathological parameters.
Chang et al. [36] and Gu et al. [37] found that slug is
highly correlated with the invasiveness and drug resist-
ance of ovarian cancer cells. Toiyamo et al. [38] found
that Slug protein expression was significantly elevated
in colorectal cancers with high T-stage, liver metasta-
ses, and lymph node metastases and may be a potential
prognostic marker for colorectal cancer. A previous study
analyzed the relationship between Slug expression and
solid tumors [39] and found that Slug was associated with
poor prognosis in lung, head, neck, urological and gas-
trointestinal cancers, but not breast cancers. Due to the
early stage of the study, only two studies related to Slug
were included, and we had eight studies with strict inclu-
sion criteria; our study is more reliable.
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Metastasis of tumor cells and resistance to anti-
tumor therapy are the leading causes of poor progno-
sis in tumor patients. Ramaswamy et al. [40], Pan et al.
[13], and Shao et al. [41] demonstrated that Slug is an
essential factor in promoting breast cancer cell metas-
tasis and may be an important marker of metastatic
potential. Slug was initially recognized as a member of
the EMT because of its involvement in the EMT pro-
ject. During breast cancer progression, cells and cell
adhesion are lost in the EMT process, leading to migra-
tion and invasion [20, 42]. There are many molecular
mechanisms by which slug promotes the metastasis of
cancer underlying EMT. Liu et al. [43] found that slug
inhibited the expression of miR-200b and miR-1, and

that inhibition of miR-200b and miR-1 promoted EMT
and tumor cell invasion. Fazilaty et al. [16] found that
slug could induce TNC through a signaling cascade,
thereby promoting tumor cell invasiveness. Moreover,
Lamouille et al. [44] found that high expression of slug
reduced the expression of epithelial genes and activated
the expression of mesenchymal genes, thus promoting
tumor cell metastasis.

High slug expression can lead to multiple drug resist-
ance [17, 18]. Slug has recently been found to play an
important role in tamoxifen resistance to breast cancer
[45, 46]. Slug expression prevented tamoxifen’s killing
effect on ER (+4) breast cancer cells [47]. Slug has been
shown to induce endocrine therapy resistance in breast
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cancer cells by altering cell survival signaling pathways,
leading to worse DFS [48]. Musgrove et al. found that
the loss of ER expression due to increased slug expres-
sion is the leading cause of drug resistance to tamoxifen
[49]. Some studies suggested that slug induces tamox-
ifen resistance by increasing EGFR expression and Erk
phosphorylation [50]. Moreover, Li et al. [51] found that
slug can induce chemotherapy resistance in cancer cells
via the PI3K/Akt/GSK3b pathway. These studies confirm
that slug leads to poor prognosis in breast cancer, con-
sistent with our meta-analysis results.

Our meta-analysis shows that Slug is a crucial bio-
marker for predicting prognosis in breast cancer patients,
which is the main finding of this study. No heterogeneity
or publication bias was found in this meta-analysis, and
sensitivity analysis suggested that our results were reli-
able. There were limitations in our meta-analysis. First,
the cut-off values of low and high expression of Slug
were diverse among those studies. Hence, more large-
scale, well-designed studies are warranted to confirm our
results. Second, there were differences in the type and
dilution of immunohistochemical antibodies. Third, the
HR reliability of some prognostic parameters obtained
from the Kaplan-Meier curve was poor. Fourth, even
though we screened through 1186 articles, we ended up
with only eight available studies, and only one of them
from a non-Asian population, so more studies are needed
in non-Asian populations in the future. Fifth, although
we searched as far as possible for available studies, unfor-
tunately, only eight studies met the inclusion require-
ments. This has led to our results being inconclusive, but
there is no doubt that our results provide some insight
into future research.

Conclusion

Our meta-analysis identified for the first time that
increased Slug expression may predict poor survival and
is associated with advanced TNM stage, lymph node
metastasis, and more severe ER deficiency in patients
with breast cancer. Therefore, we have reason to believe
that Slug is not only an indicator of patient prognosis
but may also be a new target for breast cancer therapy.
Regarding the shortcomings of our meta-analysis, we
expect further studies with larger sample sizes to verify
our results.

Abbreviations

OS: Overall survival; DFS: Disease-free survival; HR: Hazard ratio; OR: Odds ratio;
Cl: Confidence interval; LN: Lymph nodes; ER: Estrogen receptor; PR: Progester-
one receptor; HER-2: Human epidermal growth factor receptor 2.
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