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Elevated ASCL2 expression in breast cancer
is associated with the poor prognosis of patients
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Abstract: Achaete scute-like 2 (ASCL2) is a member of the basic helix-loop-helix (bHLH) transcription factors, and
is expressed mainly in intestinal stem cells under normal conditions. Recently, aberrantly elevated ASCL2 was detected in cancer tissues, but the clinical relevance of ASCL2 in breast cancers remains to be decided. In this study,
we evaluated the expression of ASCL2 and its relationship to cancer progression in specimens from 191 cases of
breast cancer patients with follow-up information. The results indicated that ASCL2 was highly expressed in cancer
cells while it was undetectable in normal epithelial cells. Moreover, the expression of ASCL2 was positively correlated with breast tumor size, lymphatic metastasis and the active growth of tumor cells as shown by increased expression of Ki67. Kaplan-Meier analysis revealed that patients with higher levels of ASCL2 suffered higher tumor recurrent rate. Multivariable Cox-regression analysis showed that elevated expression of ASCL2 was an independent and
unfavorable indicator of tumor relapse in breast cancer patients. Altogether, our study suggests that ASCL2 defines
a subgroup of highly progressive breast cancer and serves as a marker to evaluate the risk of cancer relapse.
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Introduction
Breast cancer is the most common malignant
tumor in females with 1,677,000 newly diagnosed cases and over 450,000 deaths annually [1]. Despite the development of novel treatment techniques, metastasis and relapse
remain the main factors of therapeutic failure.
This suggests the necessity to identify biomarkers for early discovery of breast cancer
recurrence.
Achaete scute-like 2 (ASCL2), a basic helixloop-helix (bHLH) transcription factor, is involved in the development and progression of
several human cancers. ASCL2 forms dimer
with HLH domain, then utilizes the basic domain
of itself to combine with the E-box (‘CANNTG’)
element for regulation of the transcription of
downstream genes [2]. ASCL2 is mainly
expressed in placental [3], large intestine, and
intestine crypt base column cells (CBCs) with
Lgr5 expression [4]. ASCL2 controls the differentiation of trophocyte lineage of normal

human placenta. In mice, ASCL2 was found as
an important transcriptional factor to maintain
the stemness of CBCs [5]. High expression of
ASCL2 in tumor tissues promotes the proliferation and invasion of tumor cells. Its expression
is correlated with poorer prognosis of patients
[6, 7]. ASCL2 is regulated by WNT signaling
pathway which inhibits the expression of miR200s in colorectal cancer [6, 8]. ASCL2 also
cooperates with the chemokine receptor 4
(CXCR4) to promote the invasion and metastasis of cancer cells. However, the clinical relevance of ASCL2 in breast cancer is not documented. In the present study, we investigated
the expression of ASCL2 in breast cancer and
its relationship to the clinicopathological characteristics of patients.
Materials and methods
Patients and tissue specimens
The IHC cohort consisted of 191 patients diagnosed with breast cancer at Southwest Hospital
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Table 1. Clinicopathological characteristics of
breast cancer patients
Parameters
Age (years)
<50
≥50
Tumor size (cm3)
<5
≥5
Subtype
Lumina A
Lumina B
Basal like
Her2-enriched
Tumor differentiation
Well
Middle
Poor
LNM
Negative
Positive
Clinical stage
I-II
III-IV
ER
Negative
Positive
PR
Negative
Positive
HER2
Negative
Positive
Ki67
<14%
≥14%

Cases
117
74
146
45
65
29
76
21
35
95
61
81
110
157
34
94
97
94
97
163
28
129
62

Abbreviation: LNM, Lymph node metastases.

of Third Military Medical University between
2005 and 2007. Patients were enrolled in this
retrospective study based on the following criteria: diagnosis of invasive ductal carcinoma
with histopathological assessment, no prior
anticancer treatment (radiotherapy or chemotherapy), and the availability of complete clinicopathological and follow-up data. Tumor tissue specimens were grouped according to the
seventh edition of WHO tumor-node-metastasis
(TNM) classification. The clinical data and specimens were collected in accordance with the
ethics committee of Southwest Hospital.
956

Immunohistochemistry staining
The tumor slides were deparaffinized, rehydrated, blocked and antigen retrieved with EDTA
(pH = 8.0) using the PT-link system (DAKO,
Denmark). The slides then incubated with
ASCL2 antibody (dilution 1:200; Millipore,
Billerica, Massachusetts, USA) at 4°C overnight. Finally, the sections were stained and
visualized using the Real EnVision system
(DAKO, Denmark).
ASCL2 scoring
The IHC staining scores were evaluated by two
pathologists independently. Each slide was
scored for the staining intensity (1-weak;
2-moderate; 3-strong) and the percentage of
positive staining cells (0, <10%; 1, 11-30%; 2,
31-50%; 3, 51-80%; 4, >80%). The final IHC
scores were semi-quantitatively calculated by
multiplying the two factors. IHC score of 6 was
chosen as the optimal cutoff value, which
determined by relative risk analysis with X-tile
software. Thus, patients with IHC scores <6
were defined as ASCL2low group and those with
IHC scores above than 6 were defined as
ASCL2high group.
Statistical analysis
Statistical analysis was performed using the
SPSS 19.0 software (SPSS Inc). The Pearson χ2
test was used to determine the correlation
between ASCL2 expression and the clinicopathological features. Kaplan-Meier analysis
with log-rank test was performed to illustrate
the difference in the overall survival rates and
disease-free survival rates of patients. Univariate and multivariate Cox-regression analysis with backward selection was applied to
determine the hazard ratio of relevant survival
factors. P<0.05 was considered statistically
significant.
Results
Expression of ASCL2 in breast cancer tissues
This study included 191 breast cancer patients
with the age range from 23 to 79 years old.
Among the subjects, 110 (57.6%) cases showed lymph node metastasis and the other 81
(42.4%) did not. The cancers of 157 (82.2%)
patients were diagnosed as stage I/II, and 34
(17.8%) were stage III/IV (Table 1). According to
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and 112 (58.6%) specimens
as ASCL2low. The ASCL2 levels were positively correlated
with tumor size (P = 0.027)
(Figure 2A), lymph node metastasis (LNM) (P = 0.026)
(Figure 2B), and cancer cell
proliferation status as shown
by increased Ki67 (P = 0.016)
(Figure 2C). No significant
correlation was observed between ASCL2 expression with
age, clinical stage, molecular
subtypes and differentiation
(P>0.05) (Figure 2D, 2E; Table
2).
The prognostic value of
ASCL2 in breast cancer
Kaplan-Meier analysis and
Cox-regression analysis showed that the survival of
patients with ASCL2high cancers was significantly poorer than those with ASCL2low
cancers (Figure 3A and 3B).
In addition, patients with
ASCL2low showed decreased
cancer recurrence than those with ASCL2high (26.67% vs
Figure 1. ASCL2 expression in breast tissues. A. IHC staining of ASCL2 in
44.26%). Cox-regression anbreast cancer patients with low or high expression levels. B. Negative imalysis further showed that
munoreactivity of ASCL2 in normal epithelial cells and positive staining in
the cytoplasm of breast cancer cells. Representative cancer cells positive for
ASCL2 served as an unfavorASCL2 in the cytoplasm are showed with black arrows. Magnification × 400.
able prognostic indicator (HR
= 1.865, P = 0.003) to predict
the molecular profiles, the samples could be
the cancer recurrence (HR = 1.278, P = 0.055)
classified into Lumina A (65, 34%), Lumina B
(Tables 3 and 4).
(29, 15.2%), Basal like (76, 39.8%), and Her2Discussion
enriched (21, 11%) breast cancer. The expression level of ASCL2 in breast cancer tissue was
Metastasis and relapse are two main reasons
divided into high and low groups (Figure 1A).
restricting the improvement for survival of
ASCL2 was mainly observed in the cytoplasm
breast cancer patients. The abnormal expresof cancer cells, while normal tissues adjacent
sions of oncogenes and tumor-suppressor
to the cancer cells were negative (Figure 1B).
genes are involved in the tumorigenesis, progression and eventual prognosis. ASCL2 was
The correlation between ASCL2 expression
found as an oncogene in human cancers, such
and clinicopathological features
as colorectal cancer [9] and non-small cell lung
Next, we evaluated the relationship between
cancer [10]. ASCL2 exhibited a high expression
ASCL2 expression and clinicopathological feain cancers of the colon, stomach, lung and
tures (Table 2). According to IHC scores, 79
ovary. Selective blockade of ASCL2 reduced
(41.4%) specimens were defined as ASCL2high,
cellular proliferation, migration and tumor
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Table 2. The correlation between ASCL2 expression and clinicopathological characteristics in
breast cancer patients
Parameters
Age (years)
<50
≥50
Tumor size (cm3)
<5
≥5
Subtype
Lumina A
Lumina B
Basal like
Her2-enriched
Tumor differentiation
Well
Middle
Poor
LNM
Negative
Positive
Clinical stage
I-II
III-IV
ER
Negative
Positive
PR
Negative
Positive
HER2
Negative
Positive
Ki67
<14%
≥14%

Cases
117
74
146
45
65
29
76
21
35
95
61
81
110
157
34
97
94
97
94
163
28
129
62

ASCL2 expression
P
value
Low
High
0.277
65
52
47
27
0.027
92
54
20
25
0.687
42
23
16
13
42
34
12
9
0.191
22
13
60
35
30
31
0.026
55
26
57
53
0.259
95
62
17
17
0.397
54
43
58
36
0.742
58
39
54
40
0.066
100
63
12
16
0.016
68
61
44
18

Abbreviation: ASCL2, Achaete scute-like 2; LNM, Lymph node
metastases.

growth in xenograft colon cancer experiments
[5, 11]. Of note, lower ASCL2 gene expression
levels were found in certain cancer subtypes,
such as brain and gastric cancer, and melanoma [12]. In this study, we revealed that ASCL2
exhibited significant upregulation compared
with normal tissues in a group of human breast
cancer with worse clinical features and poorer
overall and disease-free survival of patients.
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Previous study showed that ASCL2 may form a
complex with the Wnt pathway signal transducer β-catenin in order to synergistically activate
the expression of downstream target genes [4,
8]. Moreover, ASCL2 modulates the plasticity
between epithelial and mesenchymal characteristics in colon cancer [8] and promotes the
invasion and metastasis of gastric cancer cells,
and induces the resistance to 5-fluorouracil
[13]. Interfering with the expression of ASCL2
inhibits the proliferation and invasion capabilities of colorectal cells with the downregulation
of stemness-related genes Oct4, Bmi1, Lgr5,
Sox and c-Myc [5]. Mechanistically, ASCL2 is a
downstream target of PI3K-AKT signaling pathway, and binds to the promoter region of the
chemokine receptor 4 (CXCR4) [14]. The activation of ASCL2-CXCR4 axis resulted in the
increase of cancer cell metastasis and poorer
outcome of colorectal cancer patients. Although
the clinical significance of ASCL2 has not yet
been reported, the elevated expression of
CXCR4 is known to be correlated with increased lymph node metastasis and poor overall
patient survival in breast cancer [15, 16].
Therefore, our data suggested that ASCL2CXCR4 axis might also play a pivotal role in the
progression of breast cancer.
According to the American Society of Clinical
Oncology (ASCO), biomarkers for breast cancer
mainly include the carcinoembryonic antigen
(CEA), caner antigen 125 (CA125), and hormone receptors. The estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) have been
widely used in diagnosis, prognosis evaluation,
therapy decision and post-therapy surveillance
[17-19]. However, the traditional biomarkers
have been found to be insufficient in the examine sensitivity and specificity [20]. Combined
detection arise as the promising measure to
improve the accuracy.
Recently, CXCR4, STAT3, SOX9 and other biomarkers have gained widespread recognition,
and our study revealed that ASCL2 was more
highly expressed in aggressive breast cancers.
In addition, despite the molecular subtypes of
breast cancer are largely distinct with each
other in patient survival and treatment procedure, we did not found correlations between
subtypes of breast cancers, which implied that
the ASCL2 could play more fundamental roles
Am J Cancer Res 2017;7(4):955-961
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Figure 2. The correlation between ASCL2 expression and clinical pathological characters of breast cancer patients.
(A-C) Patients were designated as having high or low ASCL2 expression levels. Signiﬁcant differences in lymph node
metastasis (A), tumor size (B) and proliferation index indicated by Ki67 (C). (D, E) No significant correlation was
observed between ASCL2 expression with subtype and differentiation (P>0.05).

Figure 3. Clinical signiﬁcance of ASCL2 in breast cancer cells. (A, B) Differences in overall survival (OS) (A) and
disease-free survival (DFS) (B) between high and low ASCL2 in tumors of patients.
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Table 3. Univariate/Multivariate analyses of the relationship between ASCL2 expression and overall
survival of breast cancer patients
Factors
ASCL2 (High vs Low)
Age (≥50 vs <50)
Tumor Size (≥2 vs <2)
LNM (Positive vs Negative)
Location (Right vs Left)
PR (Positive vs Negative)
Her2 (Positive vs Negative)

HR
1.896
0.973
1.953
1.713
1.270
0.378
0.716

Univariate
95% CI
1.230-2.923
0.389-2.434
0.935-4.082
0.640-4.587
0.515-3.130
0.148-0.965
0.165-3.103

P value
0.004
0.953
0.075
0.284
0.604
0.042
0.655

HR
1.865

Multivariate
95% CI
1.229-2.828

P value
0.003

0.374

0.146-0.956

0.040

Abbreviation: ASCL2, Achaete scute-like 2; HR, Hazard ratios; CI, Conﬁdence interval; LNM, Lymph node metastases.

Table 4. Univariate/Multivariate analyses of the relationship between ASCL2 expression and diseasefree survival of breast cancer patients
Factors
ASCL2 (High vs Low)
Age (≥50 vs <50)
Tumor Size (≥2 vs <2)
LNM (Positive vs Negative)
Location (Right vs Left)
PR (Positive vs Negative)
Her2 (Positive vs Negative)

HR
1.289
0.627
1.677
2.480
1.276
0.427
1.652

Univariate
95% CI
1.00-1.661
0.346-1.136
1.077-2.611
1.313-4.681
0.736-2.212
0.241-0.756
0.826-3.304

P value
0.050
0.124
0.022
0.005
0.386
0.004
0.156

HR
1.278
0.444

Multivariate
95% CI
0.995-1.640
0.233-0.847

P value
0.055
0.014

0.311

0.168-0.575

0.000

Abbreviation: ASCL2, Achaete scute-like 2; HR, Hazard ratios; CI, Conﬁdence interval; LNM, Lymph node metastases.

during the tumorigenesis and progression of
breast cancer. Altogether, ASCL2 might serve
as a biomarker to evaluate the prognosis of
breast cancer patients.

[2]

Acknowledgements
This project was supported by grants from
the key project of National Natural Science
Foundation of China (No. 81230062), the
National Natural Science Foundation of China
(No. 81372684).

[3]

[4]

Disclosure of conflict of interest
None.
Address correspondence to: Xiu-Wu Bian and XiaoHong Yao, Institute of Pathology and Southwest
Cancer Center, Southwest Hospital, Third Military
Medical University, Chongqing 400038, China.
E-mail: bianxiuwu@263.net (XWB); yxh15@hotmail.
com (XHY)

References
[1]

960

Ferlay J, Soerjomataram I, Dikshit R, Eser S,
Mathers C, Rebelo M, Parkin DM, Forman D

[5]

[6]

and Bray F. Cancer incidence and mortality
worldwide: sources, methods and major patterns in GLOBOCAN 2012. Int J Cancer 2015;
136: E359-386.
Massari ME and Murre C. Helix-loop-helix proteins: regulators of transcription in eukaryotic
organisms. Mol Cell Biol 2000; 20: 29-40.
Shahib MN, Martaadisoebrata D and Kato H.
Detection of HASH2 (ASCL2) gene expression
in gestational trophoblastic disease. J Reprod
Med 2006; 51: 892-896.
van der Flier LG, van Gijn ME, Hatzis P, Kujala
P, Haegebarth A, Stange DE, Begthel H, van
den Born M, Guryev V, Oving I, van Es JH,
Barker N, Peters PJ, van de Wetering M and
Clevers H. Transcription factor achaete scutelike 2 controls intestinal stem cell fate. Cell
2009; 136: 903-912.
Zhu R, Yang Y, Tian Y, Bai J, Zhang X, Li X, Peng
Z, He Y, Chen L, Pan Q, Fang D, Chen W, Qian C,
Bian X and Wang R. Ascl2 knockdown results
in tumor growth arrest by miRNA-302b-related
inhibition of colon cancer progenitor cells.
PLoS One 2012; 7: e32170.
Jubb AM, Chalasani S, Frantz GD, Smits R,
Grabsch HI, Kavi V, Maughan NJ, Hillan KJ,
Quirke P and Koeppen H. Achaete-scute like 2
(ascl2) is a target of Wnt signalling and is up-

Am J Cancer Res 2017;7(4):955-961

ASCL2 is a prognostic marker of breast cancer

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

961

regulated in intestinal neoplasia. Oncogene
2006; 25: 3445-3457.
Jang BG, Lee BL and Kim WH. Distribution of
LGR5+ cells and associated implications during the early stage of gastric tumorigenesis.
PLoS One 2013; 8: e82390.
Tian Y, Pan Q, Shang Y, Zhu R, Ye J, Liu Y, Zhong
X, Li S, He Y, Chen L, Zhao J, Chen W, Peng Z
and Wang R. MicroRNA-200 (miR-200) cluster
regulation by achaete scute-like 2 (Ascl2): impact on the epithelial-mesenchymal transition
in colon cancer cells. J Biol Chem 2014; 289:
36101-36115.
Jubb AM, Hoeflich KP, Haverty PM, Wang J and
Koeppen H. Ascl2 and 11p15.5 amplification
in colorectal cancer. Gut 2011; 60: 16061607.
Hu XG, Chen L, Wang QL, Zhao XL, Tan J, Cui
YH, Liu XD, Zhang X and Bian XW. Elevated expression of ASCL2 is an independent prognostic indicator in lung squamous cell carcinoma.
J Clin Pathol 2016; 69: 313-318.
Ziskin JL, Dunlap D, Yaylaoglu M, Fodor IK,
Forrest WF, Patel R, Ge N, Hutchins GG, Pine
JK, Quirke P, Koeppen H, Jubb AM. In situ validation of an intestinal stem cell signature in
colorectal cancer. Gut 2013; 62: 1012‑1023.
Wang CY, Shahi P, Huang JT, Phan NN, Sun Z,
Lin YC, Lai MD, Werb Z. Systematic analysis of
the achaete-scute complex-like gene signature
in clinical cancer patients. Mol Clin Oncol
2017; 6: 7-18.
Kwon OH, Park JL, Baek SJ, Noh SM, Song KS,
Kim SY and Kim YS. Aberrant upregulation of
ASCL2 by promoter demethylation promotes
the growth and resistance to 5-fluorouracil of
gastric cancer cells. Cancer Sci 2013; 104:
391-397.
Zhou ZH, Rao J, Yang J, Wu F, Tan J, Xu SL, Ding
Y, Zhan N, Hu XG, Cui YH, Zhang X, Dong W, Liu
XD and Bian XW. SEMA3F prevents metastasis
of colorectal cancer by PI3K-AKT-dependent
down-regulation of the ASCL2-CXCR4 axis. J
Pathol 2015; 236: 467-478.

[15] Salvucci O, Bouchard A, Baccarelli A,
Deschênes J, Sauter G, Simon R, Bianchi R
and Basik M. The role of CXCR4 receptor expression in breast cancer: a large tissue microarray study. Breast Cancer Res Treat 2006; 97:
275-283.
[16] Hiller DJ, Meschonat C, Kim R, Li BD and Chu
QD. Chemokine receptor CXCR4 level in primary tumors independently predicts outcome
for patients with locally advanced breast cancer. Surgery 2011; 150: 459-465.
[17] Wolff AC, Hammond ME, Schwartz JN, Hagerty
KL, Allred DC, Cote RJ, Dowsett M, Fitzgibbons
PL, Hanna WM, Langer A, McShane LM, Paik S,
Pegram MD, Perez EA, Press MF, Rhodes A,
Sturgeon C, Taube SE, Tubbs R, Vance GH, van
de Vijver M, Wheeler TM, Hayes DF; American
Society of Clinical Oncology and College of
American Pathologists. American society of
clinical oncology/college of American pathologists guideline recommendations for human
epidermal growth factor receptor 2 testing in
breast cancer. J Clin Oncol 2007; 25: 118-145.
[18] Weigel MT and Dowsett M. Current and emerging biomarkers in breast cancer: prognosis
and prediction. Endocr Relat Cancer 2010; 17:
245-262.
[19] Bramwell VH, Doig GS, Tuck AB, Wilson SM,
Tonkin KS, Tomiak A, Perera F, Vandenberg TA
and Chambers AF. Changes over time of extracellular domain of HER2 (ECD/HER2) serum
levels have prognostic value in metastatic
breast cancer. Breast Cancer Res Treat 2009;
114: 503-511.
[20] Di Gioia D, Heinemann V, Nagel D, Untch M,
Kahlert S, Bauerfeind I, Koehnke T and Stieber
P. Kinetics of CEA and CA15-3 correlate with
treatment response in patients undergoing
chemotherapy for metastatic breast cancer
(MBC). Tumour Biol 2011; 32: 777-785.

Am J Cancer Res 2017;7(4):955-961

