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Slit2/Robo1 is downregulated in cervical carcinoma
and inhibits tumor progression by regulating β-catenin
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Abstract: Objectives: To determine the expression and clinical value of Slit2 and its receptor Robo1 in cervical squamous carcinoma (SCC), cervical intraepithelial neoplasia (CIN) and normal cervical epithelium (NCE) samples. In
addition, the roles and the possible mechanisms of Slit2 in tumor progression of cervical carcinoma were also investigated. Methods: Immunohistochemical (IHC) staining and real time PCR were carried out to detect the expression
of Slit2/Robo1 in 55 cases of SCC, 30 cases of CIN I-II, 30 cases of CIN III and 20 cases of NCE. Cell proliferation
ability was monitored by using CCK-8 assay after Slit2 was inhibited in Hela cells. Immunobloting and IHC methods
were used to detect the expression of β-catenin in Hela cells and cervical carcinomas, respectively. Results: The
expression of Slit2 and Robo1 gradually declined in NCE, CIN and SCC tissues and the differences were of statistical significance (P<0.05). We also found that Slit2 and Robo1 protein expression positively correlated (P<0.05)
with each other in cervical carcinomas. Besides, we surprisingly found that Slit2 expression positively correlated
with clinical stage, the depth of invasion and lymph node metastasis of cervical carcinoma. Inhibition of Slit2 in
Hela cells promoted cell proliferation and the expression of β-catenin was elevated. Finally we found that Slit2 and
β-catenin expression was negatively correlated in cervical carcinoma (P<0.05). Conclusion: Slit2/Robo1 expression
maintained at low levels in cervical carcinoma specimens and exerted an anti-proliferating function by negatively
regulating β-catenin. The tumor suppressing Slit2/Robo1 might serve as potential therapeutic targets in cervical
carcinoma treatment.
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Introduction
Slit guidance ligand 2 (slit 2) is a member of
the slit family of secreted glycoproteins, which
are ligands for the Robo (roundabout guidance receptor) family of immunoglobulin receptors. Slit/Robo signaling was first identified in
nervous systems and established as an extracellular signature to guide axon path finding,
promote axon branching and control neuronal
migration [1]. Studies also indicated that it may
also have functions during other cell migration processes including leukocyte migration
[2], and several cell signaling pathways including cell proliferation, cell motility and angiogenesis [3-5]. Many reports had also suggested that aberrant Slit/Robo expression in
cells can lead to cancer development, progression and metastasis.

Cervical carcinoma constitutes a significant
public health problem, especially in developing countries, like Mexico [6]. It remains to be
one of the leading causes of cancer-related
death in women despite much efforts have
been made in screening, diagnosis, prevention,
and treatment. Several key factors that contribute to cervical carcinoma development have
already been identified, such as Human Papillomavirus (HPV) and intrinsic genetic factors,
the latter show great potential for use as
susceptibility or prognosis factors. In cervical
carcinoma, the expression of Slit proteins (Slit
1-3) and Robo1, 3 were downregulated or completely suppressed [7]. Since there are still
few studies concerning the expression, function, especially the clinical value of Slit2/
Robo1 in cervical carcinoma, we set to explore
the above questions and also to discuss the
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putative mechanism underlying its anti-tumor
activities.
Methods and materials
Patients and tissue samples
The study was approved by the Medical Ethics Committee of the First Affiliated Hospital
of Fujian Medical University. Written informed
consent from all patients was obtained prior
to participation in the study. A total of 20 normal cervical epithelium (NCE) tissue samples,
60 cervical intraepithelial neoplasia (CIN, CIN
I-II 30 and CIN III 30) tissue samples and
55 cervical squamous carcinoma (SCC) tissue
samples were obtained from patients from
2009.9 to 2011.6 for immunohistochemistry
assay. A total of 20 NCE tissue samples, 20
CIN III tissue samples and 20 SCC tissue
samples were obtained from patients from
2011.6 to 2011.12 for RNA isolation and
PCR assay. All samples were immediately dissected, formalin-fixed and paraffin-embedded
for IHC or snap-frozen, and kept at -80°C for
qRT-PCR until use.
Immunohistochemistry (IHC)
Formalin-fixed, paraffin-embedded tissue sections from tissue samples were selected.
Robo1 and Slit2 were stained by SP method.
In brief, 4 μm tissue sections were subsequently dewaxed and rehydrated using xylene
and graded alcohol washes. Antigen retrieval
was performed at 121°C for 3 min, by using
pH6.0 citrate buffer. After blocking with hydrogen peroxide and normal horse serum, the
sections were incubated with primary antibody against Robo1 or Slit2 for 15 h at 4°C.
The sections were then incubated with biotinylated secondary immunoglobulin and peroxidase-conjugated streptavidin. The enzyme substrate was DAB.
Cell lines and cell culture
Human cervical carcinoma cell lines Hela were
purchased from the Chinese Academy of Sciences Cell Bank (Shanghai, China). Hela cells
were cultured in DMEM medium (Gibco) supplemented with 10% FBS (Gibco), 100 units/
ml of penicillin, and 100 mg/ml of streptomycin at 37°C, a humidified atmosphere containing 5% CO2 incubator.
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Transfections and short interfering RNAs
Hela cells were plated in 6-well plate and cultured in DMEM full medium until cell density
reached 60% prior to small interfering RNAs
(siRNAs) transfection. When transfecting cells
with siRNA, Lipofectamine 2000 (Invitrogen)
were employed according to the manufacturer’s instructions. The sequences of the siRNAs
were synthesized and purchased from GenePharma (Shanghai, China). The cells were harvested 48 h after transfection.
Cell proliferation assay
Logarithmic growth phase cells were seeded
at a density of 5×103 cells per well in a 96well plate containing 100 ml DMEM full medium. Cell Counting Kit-8 (Dojindo) reagents
was added at 12 h, 24 h, 48 h, and 72 h after
seeding (0 h) and incubated at 37°C for 2 h.
The data of optical density of OD450 were
measured by a microplate reader (Molecular
Device). Each experiment was performed at
least three times with six replicates.
Reverse transcript PCR (RT-PCR) and quantitative real-time PCR (qRT-PCR)
The total RNA was isolated using TRIzol reagent (Invitrogen) according to the manufacturer’s instructions. The specific expression of
Slit2 gene in tissue samples was assessed
using RT-PCR and qRT-PCR. RT-PCR was performed in a regular way. The primers for RT-PCR
are as follows:
Slit2: F: 5’-GCAGTAAAGTCCTCTCTACTTTAG-3’;
R: 5’-CAGTAACTTGACATGTTTCTTTAGG-3’. βactin: F: 5’-TGACGGGGTCACCCACACTGTGC-3’;
R: 5’-CTAGAAGCATTTGCGGTGGACGA-3’.
Real-time PCR was performed on ABI7500 Two
Step Real-Time PCR System using the comparative Ct quantization method. Real-time Master
Mix (Toyobo) was used to detect and quantify
the expression level of genes. β-actin was as
internal control for RT-PCR or qRT-PCR.
Western blotting
Total proteins were extracted by RIPA buffer
(Beyotime). 40 μg protein were separated by
SDS-PAGE and transferred onto NC membrane.
Membranes were blocked by 5% non-fat milk
for 1 h at RT and incubated at 4°C overnight
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Figure 1. Robo1 and Slit2 was downregulated in human cervical squamous carcinoma samples. A. IHC analysis of
the expression of Slit2 and Robo1 protein in normal cervical epithelium (NCE) and cervical squamous carcinoma
(SCC) tissue samples. B. RT-PCR analysis of expression of Slit2 mRNA expression in NCE, cervical intraepithelial
neoplasia (CIN III) and SCC tissue samples. C. QRT-PCR analysis of expression of Slit2 mRNA expression in NCE, CIN
III and SCC tissue samples (N=20). *: P<0.05, **: P<0.01.

Table 1. Difference among positive expressions of Slit2 and Robo1 in NCE, CIN and SCC
Category

N

NCE
CIN
SCC
CIN I-II
CIN III

20
60
55
30
30

Slit2
Robo1
+%
κ2
+%
κ2
95.0 23.210* 90.0 17.642*
55.0
66.7
32.7
40.0
70.0 5.455* 80.0 4.800 *
40.0
53.3

*: P<0.05.

with primary antibodies. The next day, membranes were washed with PBST and incubated
with secondary antibodies conjugated to HRP.
Immunoreactive bands were visualized and
analyzed using a chemiluminescent substrate
(Thermo) and automatic chemical luminescence analysis system (Bio-Rad). The antibodies used in this study were β-actin (1:6000,
Sigma), ROBO1 (1:1000, Santa Cruz), Slit2
(1:1000, Santa Cruz) and β-catenin (1:1000,
Cell Signaling Technology).
Statistical analysis
Statistical analysis was performed using SPSS
software v18.0. Two-tailed Student’s t-test and
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Chi-square analysis were performed to analyze
the data. The results are expressed as the
mean ± S.D. A P value less than 0.05 was considered to be statistically significant.
Results
Slit2/Robo was downregulated in cervical carcinoma
By utilizing the tissue array containing 155
cases of cervical carcinoma and normal cervical tissues (55 cases of SCC, 30 cases of CIN
I-II, 30 cases of CIN III and 20 cases of NCE),
we performed IHC staining to determine the
protein expression of both Slit2 and its receptor Robo1. Brown granules in cytoplasm indicated for positive protein attribution. As shown
in Figure 1A, we observed strong positive signals of both Slit2 and Robo1 in NCE tissues,
whereas weak expression of both proteins in
SCCs. We then analyzed the expression concentrations of these two proteins in SCC, CIN
and NCE tissues, and found a fine gradually
downregulation of Slit2 and Robo1 in NCE, CIN
and SCCs, and the differences were of significance between each other groups (P<0.05,
Table 1). Besides, we also found that Slit2 and
Robo1 were more decreased in CIN III than CIN
Int J Clin Exp Med 2017;10(1):1073-1079
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Table 2. Correlation of Slit2 expression with clinicopathologic features
of cervical carcinoma
Features
Age/yr
≥45
<45
Clinical stage
Ia-Ib
IIa
Depth of myometrium invasion
≤1/2
>1/2
Differentiation
Well-moderate
Poor
Volume/cm
≥4
<4
Lymphnode metastasis
Positive
Negative

N
29
26

Slit2
+ (%)
9 (31.0%)
9 (34.6%)

- (%)

κ2

P

20 (69.0%) 0.080 0.778
17 (65.4%)

20 10 (50.0%) 10 (50.0%) 4.259 0.039*
35 8 (22.9%) 27 (77.1%)

other features of these
patients (Table 2). This finding suggested that Slit2
might be served as a potent prognosis indicator in
cervical carcinoma.
Slit2/Robo1 inhibited hela
cell proliferation and negatively regulated β-catenin
expression

Since we had already found a downregulation of
Slit2/Robo1 in cervical carcinoma, we next wanted
31 10 (32.3%) 21 (67.7%) 0.007 0.933
to better understand their
24 8 (33.3%) 16 (66.7%)
roles in tumor progression
of this disease. We orde19 6 (31.6%) 13 (68.4%) 0.017 0.895
red two independent siRNA
36 12 (33.3%) 24 (66.7%)
oligos targeting to Slit2
and performed transfection experiments in Hela
17 2 (11.8%) 15 (88.2%) 4.911 0.027*
cells. Robo1 was inhibited
38 16 (42.1%) 22 (57.9%)
similarly by another two
*: P<0.05.
siRNAs. As a result, we
found that both Slit2 and
Robo1 suppression could finely accelerated
I-II (P<0.05, Table 1). On the other hand, we isolated RNA from 60 cases of fresh clinical specicell proliferation of Hela cells as determined
mens containing 20 cases of NCE, 20 cases of
by CCK-8 assy (Figure 2A, 2B). Confirmedly,
CIN III and 20 cases of SCC. Reverse Transcript
Slit2/Ro-bo1 could be silenced over 50-70%
PCR and quantitative Real time PCR was done
than negative control (NC)-treated cells (Figure
for Slit2 mRNA expression in these specimens.
2C, 2D). Since numerous reports had considAs shown in Figure 1B and 1C, we found Slit2
ered that Slit2 exerted its anti-cancer function
mRNA presented similar downregulation in cerby deregulating β-catenin [8-10], one of the
vical carcinomas like that of IHC results. All the
major oncogenic pathways responsible for
above data demonstrated that Slit2 and Robo1
malignant behaviors of cancer cells, we detwere obviously downregulated in higher grades
ected the expression of β-catenin in Slit2/
of cervical carcinomas than lower grades and
Robo1-inhibited cells. As shown in Figure 2E-H,
normal tissues.
we found that both mRNA and protein levels
of β-catenin were increased, which might parAssociation of Slit2 expression with clinicaltially explained for the pro-growth activities of
pathological features
Sli2 and Robo1 in Hela cells.
To evaluate the clinical value of Slit2 in cerviSlit2 protein negatively correlated with
cal carcinoma, we used κ2 test to statistically
β-catenin in cervical carcinoma
analyzed the association of its protein expression with the detailed clinicalpathological
Finally, we performed IHC staining for β-catenin
features among SCC patients including age,
expression in cervical carcinoma and analyzed
clinical stage, the depth of invasion, lymphnode
the correlation of its expression with Slit2. The
metastasis, tumor differention and tumor volresults came out that β-catenin expression was
ume. Surprisingly, we found that Slit2 expresnegatively correlated with the expression of
sion positively and significantly correlated with
Slit2 in cervical carcinoma (P<0.05, Table 3),
clinical stage, the depth of invasion and lymwhich was in line with our cellular results in
phnode metastasis, but not correlated with
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12 8 (66.7%) 4 (33.3%) 6.180 0.013*
43 10 (23.3%) 33 (76.7%)
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as promising early diagnostic
and directed therapeutic targets. Facing and developing
more efficient therapy targets
for this disease are urgently
desired. Slit2 is known to function through Robo receptors
as a repulsive axon guidance
cue. Robo1 and Robo4 are
two receptors of the secretory
protein Slit2, in which Robo1
is mainly expressed in tumoral
cells. It is also known that
the activation or suppression
of the Slit/Robo pathway modulates several oncogenic signaling pathways that are associated with the development and progression of cancer
[12].
In our study, we observed a
downregulation of Slit2/Robo1 in cervical carcinoma tissues, with the lowest expression level in advanced forms
of cervical carcinoma. We also
found that the decreased expression of Slit2 was correlated with higher clinical stages, the depth of invasion and
lymph node metastasis of cervical carcinoma, which suggested the critical clinical value of Slit2 in prognosis of this
Figure 2. Slit2/Robo1 inhibited Hela cell proliferation through negatively
disease. Functionally, we perregulated β-catenin expression. A, B. CCK-8 assay were performed in Hela
formed siRNA-mediated gene
cells transfected with Slit2/Robo1 siRNAs. C, D. Expression of Slit2/Robo1
silencing of Slit2/Robo1 in
mRNA level was detected by qRT-PCR in Hela cells treated with Slit2/Robo1
Hela cells, and found that
siRNAs and negative controls (NC). E, F. Expression of β-catenin mRNA level
was detected by qRT-PCR in Hela cells treated with Slit2/ROBO1 siRNAs
Slit2/Robo1 inhibition could
and negative controls (NC). G, H. Inactivation of Slit2/Robo1 with siRNAs
lead to faster cell proliferasignificantly elevated the expression of β-catenin in Hela cells. *: P<0.05,
tion. The pro-growth function
**: P<0.01.
of Slit2/Robo1 might be interpreted by the negative regulaFigure 2E-H. However, the internal mechanisms
tion of β-catenin, and our IHC method finally
remained largely unclear and needs to be studverified that Slit2 expression inversely correlatied in future.
ed with β-catenin protein.
Discussion
Cervical carcinoma remains as the 4th leading
cause of death and the 2nd leading cause of
mortality in females worldwide aged 19-39
years [11]. Molecular pathways involved in cervical malignant transformation have presented
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It might be of little importance that we found a
downregulation of Slit2/Robo1 in cervical carcinoma, since a previous report [7] had already
concluded from their studies. They also demonstrated that the suppression of Slit/Robo proteins in cervical cancer is due to the promoter
hypermethylation, which is an early event in
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Table 3. Correlations of Slit2 expression with
Robol and β-catenin expressions in SCC
Group

Expression N

Robo1
β-catenin

+
+
-

22
33
42
13

Slit2
+ (%)
17 (77.27)
1 (0.03)
6 (14.29)
12 (92.31)

P
5 0.000*
32
36 0.000*
1

*: P<0.001.

tumor progression [7]. We did not look back
to the mechanisms governing the downregulation of Slit2/Robo1, but concentrated on the
function of Slit2/Robo1 inhibition in cervical
carcinoma cells. We mainly performed gene
silencing experiments because the large molecular weight of Slit2/Robo1. We found that
either Slit2 or Robo1 suppression could lead
to enhanced cell proliferation capacity of Hela
cells. Nevertheless, we did not evaluate other
biological roles of Slit2/Robo1 pathway such as
metastasis processes. According to the correlation analysis results between Slit2 expression and clinicalpathological features of cervical carcinoma patients, we thought that Slit2/
Robo1 might also impact on tumor cell migration and invasion. Indeed, in other kinds of
human solid tumors. Indeed, current reports
suggest that Slit2 and its receptor Robo1 inhibit metastasis in breast cancer [13], fibrosarcoma and squamous cell carcinoma [14]. Another
question needed to be resolved is how Slit2/
Robo1 negatively regulated β-catenin expression. Substantial work is under way for better
illustrating Slit2/Robo1 in cervical carcinoma.
In summary, our data established that Slit2 and
its receptor Robo1 were both downgulated in
cervical carcinoma, and inhibited cell proliferation at least through targeting β-catenin.
Disclosure of conflict of interest
None.
Address correspondence to: Xiaoli Huang, Department of Gynecology and Obstetrics, The First
Affiliated Hospital of Fujian Medical University, No.
20 Chazhong Road, Fuzhou 350004, Fujian, China.
Tel: +86-059187982062; E-mail: xiaolihuang_fz@
yeah.net

References
[1]

1078

Andrews W, Liapi A, Plachez C, Camurri L,
Zhang J, Mori S, Murakami F, Parnavelas JG,

Sundaresan V and Richards LJ. Robo1 regulates the development of major axon tracts
and interneuron migration in the forebrain. Development 2006; 133: 2243-2252.
[2] Patel S, Huang YW, Reheman A, Pluthero FG,
Chaturvedi S, Mukovozov IM, Tole S, Liu GY, Li
L, Durocher Y, Ni H, Kahr WH and Robinson LA.
The cell motility modulator Slit2 is a potent inhibitor of platelet function. Circulation 2012;
126: 1385-1395.
[3] Brose K, Bland KS, Wang KH, Arnott D, Henzel
W, Goodman CS, Tessier-Lavigne M and Kidd T.
Slit proteins bind Robo receptors and have an
evolutionarily conserved role in repulsive axon
guidance. Cell 1999; 96: 795-806.
[4] Dickinson RE and Duncan WC. The SLIT-ROBO
pathway: a regulator of cell function with implications for the reproductive system. Reproduction 2010; 139: 697-704.
[5] Refai O, Rohs P, Mains PE and Gaudet J. Extension of the Caenorhabditis elegans Pharyngeal
M1 neuron axon is regulated by multiple mechanisms. G3 (Bethesda) 2013; 3: 2015-2029.
[6] Arbyn M, Castellsague X, de Sanjose S, Bruni L,
Saraiya M, Bray F and Ferlay J. Worldwide burden of cervical cancer in 2008. Ann Oncol
2011; 22: 2675-2686.
[7] Narayan G, Goparaju C, Arias-Pulido H, Kaufmann AM, Schneider A, Durst M, Mansukhani
M, Pothuri B and Murty VV. Promoter hypermethylation-mediated inactivation of multiple
Slit-Robo pathway genes in cervical cancer
progression. Mol Cancer 2006; 5: 16.
[8] Chang PH, Hwang-Verslues WW, Chang YC,
Chen CC, Hsiao M, Jeng YM, Chang KJ, Lee EY,
Shew JY and Lee WH. Activation of Robo1 signaling of breast cancer cells by Slit2 from stromal fibroblast restrains tumorigenesis via
blocking PI3K/Akt/beta-catenin pathway. Cancer Res 2012; 72: 4652-4661.
[9] Tseng RC, Lee SH, Hsu HS, Chen BH, Tsai WC,
Tzao C and Wang YC. SLIT2 attenuation during
lung cancer progression deregulates betacatenin and E-cadherin and associates with
poor prognosis. Cancer Res 2010; 70: 543551.
[10] Zhang QQ, Zhou DL, Lei Y, Zheng L, Chen SX,
Gou HJ, Gu QL, He XD, Lan T, Qi CL, Li JC, Ding
YQ, Qiao L and Wang LJ. Slit2/Robo1 signaling
promotes intestinal tumorigenesis through
Src-mediated activation of the Wnt/betacatenin pathway. Oncotarget 2015; 6: 31233135.
[11] Jemal A, Bray F, Center MM, Ferlay J, Ward E
and Forman D. Global cancer statistics. CA
Cancer J Clin 2011; 61: 69-90.
[12] Tang H, Wei P, Duell EJ, Risch HA, Olson SH,
Bueno-de-Mesquita HB, Gallinger S, Holly EA,
Petersen G, Bracci PM, McWilliams RR, Jenab
M, Riboli E, Tjonneland A, Boutron-Ruault MC,

Int J Clin Exp Med 2017;10(1):1073-1079

Slit2/Robo1 inhibits tumor progression
Kaaks R, Trichopoulos D, Panico S, Sund M,
Peeters PH, Khaw KT, Amos CI and Li D. Axonal
guidance signaling pathway interacting with
smoking in modifying the risk of pancreatic
cancer: a gene- and pathway-based interaction
analysis of GWAS data. Carcinogenesis 2014;
35: 1039-1045.
[13] Marlow R, Strickland P, Lee JS, Wu X, Pebenito
M, Binnewies M, Le EK, Moran A, Macias H,
Cardiff RD, Sukumar S and Hinck L. SLITs suppress tumor growth in vivo by silencing Sdf1/
Cxcr4 within breast epithelium. Cancer Res
2008; 68: 7819-7827.

1079

[14] Kim HK, Zhang H, Li H, Wu TT, Swisher S, He D,
Wu L, Xu J, Elmets CA, Athar M, Xu XC and Xu H.
Slit2 inhibits growth and metastasis of fibrosarcoma and squamous cell carcinoma. Neoplasia 2008; 10: 1411-1420.

Int J Clin Exp Med 2017;10(1):1073-1079

