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Rab1A promotes cell proliferation 
and migration by upregulating Gli1 
in colorectal cancer
Chaozhong Peng, Xiao Li, Zhixue Ye & Wenqing Wu*

Rab1A, as a highly conserved small guanosine triphosphatase (GTPase), plays contentious roles in 
different types of cancers. The role of Rab1A in colorectal cancer (CRC) has been described in previous 
studies, but the molecular mechanisms of Rab1A in CRC remain far from being addressed. In the 
present study, we found that Rab1A expression was significantly upregulated in CRC tissues and 
increased Rab1A expression correlated with tumor size, lymph node metastasis (LNM) and tumor-
node-metastasis (TNM) stage of CRC patients. We also found that Rab1A exerts its promotive effect 
on CRC cell proliferation, migration and EMT progress. Further mechanistic experiments showed that 
glioma-associated oncogene-1 (Gli1), as a key transcriptional factor of the Hedgehog pathway, was 
implicated in Rab1A-mediated regulation of CRC cell proliferation and migration. In addition, Rab1A 
upregulated Gli1 expression through Smoothened homolog (SMO)-independent pathway. Finally, 
Rab1A activated mechanistic target of rapamycin (mTOR) signaling in CRC cells. Collectively, our 
results define Rab1A as a novel regulator of Gli1 to promote CRC cell proliferation and migration, and 
suggest that the Rab1A/mTOR/Gli1 axis may serve as a promising therapeutic target for the treatment 
of CRC.

Colorectal cancer (CRC) is an important digestive tract tumor with high malignancy and is the second lead-
ing cause of cancer-related deaths  globally1,2. Although there have been significant improvements in treatment 
of CRC, the prognosis of advanced and metastatic CRC patients is poor because of lack of effective targets for 
 treatment3. Various studies have explored the genetic and epigenetic biomarkers for CRC  risk4–6, but the underly-
ing pathogenesis of CRC is not yet completely elucidated. Therefore, more effective biomarkers and therapeutic 
targets are needed to improve the diagnosis and treatment of CRC.

Rab1A, as a highly conserved small guanosine triphosphatase (GTPase), predominantly regulates intracel-
lular vesicular trafficking from the endoplasmic reticulum (ER) to the Golgi  apparatus7,8. It has been reported 
that Rab1A protein is involved in mediating signal  transduction9 and cell  migration10. Recently, Rab1A has been 
described as an oncogene in multiple types of cancers, such as gastric  cancer8, nasopharyngeal  carcinoma11, breast 
 cancer12, lung  cancer13 and hepatocellular  carcinoma14. On the other hand, it was reported that Rab1A expres-
sion was reduced in androgen-independent prostate cancer and Rab1A depletion enhanced the proliferation 
ability of prostate cancer  cells15. Previous researches have shown that Rab1A is a colorectal oncogene and can 
promote CRC cell proliferation and migration via regulating the mTOR/S6K1  pathway16,17. However, the precise 
functional roles and the underlying molecular mechanism of Rab1A in CRC remain far from being addressed.

The Hedgehog (HH) signaling pathway is a conserved pathway involved in cell growth and tissue 
 patterning18–20. In mammals, HH signaling initiates with binding of one of the three ligands (Indian Hedgehog 
(IHH), Sonic Hedgehog (SHH) and Desert Hedgehog (DHH)) to the protein patched homolog (PTCH), causing 
the release of the suppressed transmembrane protein Smoothened (SMO). The release of SMO subsequently 
activates the Gli1 transcription  factors21. The SMO-dependent Gli1 activation is referred to as the canonical 
HH  signaling22. Alternatively, Gli1 can be activated independently of PTCH or SMO, which is then termed as 
non-canonical HH  signaling22,23. The signaling pathways that can induce non-canonical Gli1 activation includes 
extracellular signal regulated kinase (ERK) signaling and phosphoinositide 3-kinase (P13K)/mammalian target 
of rapamycin (mTOR) signaling  pathway24–26.

It was previously reported that Rab1A expression positively correlated with Gli1 in gastric cancer  tissues27, 
but whether Gli1 is regulated by Rab1A in CRC cells remains unknown. In the present study, we found that 
Rab1A was highly expressed and exerted oncogenic roles in CRC. Further mechanistic experiments revealed 
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that Rab1A promoted CRC cell proliferation and migration by upregulating Gli1 through an SMO-independent 
pathway, which may be beneficial to the treatment of CRC.

Results
Increased expression of Rab1A in CRC tissues. To explore whether Rab1A plays a role in CRC, we 
first set out to determine Rab1A expression in CRC tumor tissues and surrounding normal tissues. We per-
formed IHC of collected CRC tissue samples and found that Rab1A expression markedly increased in tumor 
tissues in comparison to the normal tissues (P < 0.01, Fig. 1A,B). Further analysis showed that Rab1A expression 
level in human CRC tissues with lymph node metastasis (LNM) was higher than those without LNM (P < 0.01, 
Fig. 1A,C). We next performed Western blotting analysis to further explore Rab1A expression in CRC tissues. 
The results showed that the expression level of Rab1A in CRC tumor tissues was higher compared with that in 
the normal matched tissues (P < 0.01, Fig. 1D,E). Further IHC analysis revealed that compared to those with 
tumor size < 5 cm, Rab1A expression was higher in tumors ≥ 5 cm (P < 0.001, Fig. 1F). Furthermore, tumor tis-
sues with deeper invasion (T3-4) exhibited higher Rab1A expression than those with T1-2 (P < 0.05, Fig. 1G). In 
addition, Rab1A expression levels were also positively correlated with the tumor-node-metastasis (TNM) stage 
of CRC patients (P < 0.001, Fig. 1H).

Next, the association between Rab1A expression and clinicopathological parameters in CRC was analyzed 
(Table 1). High Rab1A expression was markedly related to pathological large tumor size (χ2 = 12.289, P < 0.001), 
LNM (χ2 = 8.279, P = 0.004), and advanced TNM stage (χ2 = 17.467, P < 0.001). However, Rab1A expression 
showed no significant association with other clinicopathologic features, including age, gender, tumor location, 
degree of differentiation and depth of invasion (P > 0.05, Table 1).

Collectively, these results suggested that Rab1A was upregulated in CRC and high Rab1A expression cor-
related with unfavorable clinicpathological characteristics of CRC patients.

Rab1A promoted cell proliferation, migration and EMT progress in CRC . To determine the bio-
logical functions of Rab1A in CRC progression, the expression levels of Rab1A in five CRC cell lines includ-
ing SW480, CaCo2, LOVO, RKO and DLD-1 were detected using Western blotting. The results showed higher 
protein levels of Rab1A in CaCo2 and DLD-1 cells, compared to the low Rab1A protein expression in SW480 
and RKO cell lines (Fig. 2A). Next, we stably knocked down Rab1A expression in CaCo2 and DLD-1 cells with 
relatively high endogenous Rab1A level using a lentivirus vector-based shRNA technique, and the knockdown 
efficiency was determined by Western blotting. The results showed that Rab1A protein level was markedly lower 
in CaCo2 and DLD-1 cells transfected with Rab1A-targeting shRNA than those transfected with control-shRNA 
(P < 0.001, Fig. 2B). We selected SW480 and RKO cells with relatively low endogenous Rab1A expression to 
construct stable Rab1A-overexpressed CRC cells. The results from Western blotting showed that Rab1A protein 
expression was greatly upregulated in cells stably transfected with plasmids encoding human Rab1A compared 
to those transfected with empty vector (P < 0.001, Fig. 2C).

To examine the potential oncogenic role of Rab1A in CRC cell proliferation, CCK8 assays were performed. 
The results showed that Rab1A depletion greatly impaired the proliferation ability of CRC cells (P < 0.01, Fig. 2D), 
whereas RablA did the opposite in SW480 cells (P < 0.01, Fig. 2E). To determine the effect of Rab1A on the 
migration of CRC cells, we conducted a Transwell migration test. The results showed that compared with the 
control group, the migration ability of Rab1A-depleted CaCo2 cells was significantly reduced (P < 0.01, Fig. 2F). 
However, Rab1A overexpression greatly enhanced the the migration ability of SW480 cells (P < 0.01, Fig. 2G).

To further explore the effect of Rab1A on CRC cell metastasis, we used Western blotting analysis to detect 
the expression of epithelial-mesenchymal transition (EMT)-related proteins (E-cadherin and Vimentin) and 
EMT-inducing transcription factor (such as Snail). The results showed that the protein expression of the epithelial 
marker E-cadherin was greatly increased in Rab1A-depleted CaCo2 and DLD-1 cells, while the expression of 
the mesenchymal marker Vimentin and the transcription factor Snail were significantly decreased (Fig. 2H–J). 
Similarly, the EMT protein markers and Snail were also examined in Rab1A-overexpressed SW480 and RKO cells. 
The results from Western blotting showed that Rab1A overexpression greatly inhibited E-cadherin expression, 
but promoted Vimentin and Snail expression (Fig. 2K–M).

Rab1A upregulated Gli1 expression in an SMO-independent manner. Considering that Rab1A 
expression positively correlates with Gli1 in gastric  cancer27 and aberrant Gli1 expression plays a vital role in the 
development of CRC 21,28, we speculated whether Gli1 is regulated by Rab1A in CRC cells. The results from West-
ern blotting showed that Gli1 protein levels were significantly decreased in Rab1A-depleted CaCo2 and DLD-1 
cells (P < 0.01, Fig. 3A–C). On the contrary, the ectopic expression of Rab1A in SW480 and RKO cells resulted in 
increased levels of Gli1 (P < 0.01, Fig. 3D–F).

It is well known that SMO activates the Gli1 in the canonical Hedgehog  pathway20,24. To investigate whether 
SMO is implicated in Rab1A-mediated Gli1 upregulation, we detected SMO protein expression in Rab1A-
depleted and Rab1A-overexpressed CRC cells. The results from Western blotting showed that there was mini-
mal effect of Rab1A on SMO protein expression in CRC cells (P > 0.05, Fig. 3). In addition, we treated Rab1A-
overexpressed CRC cells with SMO inhibitor cyclopamine (Cyc). The results showed that cyclopamine did not 
affect the Rab1A-induced Gli1 upregulation (Fig. 3G), suggesting that Rab1A regulates Gli1 expression in an 
SMO-independent manner in CRC cells.

Rab1A promoted cell proliferation and migration through a Gli1-dependent pathway. To 
assess the function of Gli1 in Rab1A-mediated enhancement of CRC cell proliferation and migration ability, 
Gli1 was silenced in Rab1A-overexpressed SW480 cells. The results from Western blotting showed that Gli1 
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Figure 1.  Rab1A is upregulated in CRC tissues. (A) IHC staining of Rab1A in CRC tumor tissues and the 
surrounding normal tissues. (B) IHC scores of Rab1A in CRC tumor tissues (T) and normal tissues (N). (C) 
IHC scores of Rab1A in CRC tumors with or without LNM. (D) Rab1A protein expression in six pairs of CRC 
tumors (T) and surrounding normal tissues (N) as detected by Western blotting. (E) Scatter plot analysis of 
Rab1A/GAPDH values in six paired CRC samples. (F) IHC staining and IHC scores of Rab1A in CRC tumors 
with different size. (G) IHC staining and IHC scores of Rab1A in CRC tumors with different T stage. H. IHC 
staining and IHC scores of Rab1A in CRC tumors with different TNM stage. Here cropped blots were displayed 
and all full-length blots are included in the Supplementary Information file. *P < 0.05, **P < 0.01, ***P < 0.001.
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protein expression was decreased in cells transfected with Gli1-specific siRNA as compared to the control cells 
(Fig. 4A). Furthermore, CCK8 assays showed that Rab1A overexpression promoted the proliferation of SW480 
cells (P < 0.001, Fig.  4B), but the enhanced proliferation ability was greatly abolished when cells lacked Gli1 
(P > 0.05, Fig. 4B). Next, Transwell migration assays were conducted to determine the effect of Rab1A on cell 
migration in the absence of Gli1. As shown in Fig. 4C, the migrated cell number was significantly increased in 
Rab1A-overexpressed SW480 cells (P < 0.01), whereas Rab1A overexpression failed to promote cell migration 
when cells lacked Gli1 (P > 0.05).

Rab1A activated mTOR signaling in CRC cells. It has been reported that Rab1A activates mTOR sign-
aling in CRC  cells16,17, and activated mTOR can upregulate Gli1 expression in an SMO-independent  manner24. 
Therefore, we asked whether the mTOR signaling is involved in Rab1A-mediated Gli1 upregulation. The results 
from Western blotting showed that Rab1A depletion inhibited the phosphorylation of mTOR, with no effect on 
the total mTOR level (Fig. 5A). Conversely, ectopic Rab1A notably increased the phosphorylation of mTOR, 
but not the total mTOR level (Fig. 5B). Collectively, our results revealed that Rab1A activated mTOR signaling 
in CRC cells. Therefore, our results indicated that Rab1A promoted CRC cell proliferation and migration by 
upregulating Gli1 through an SMO-independent pathway (Fig. 5C).

Discussion
In cancers, the role of Rab1A is contentious and it could be either oncogenic or tumor suppressive. Rab1A was 
described as an oncogene in gastric  cancer8, nasopharyngeal  carcinoma11, breast  cancer12, lung  cancer13 and 
hepatocellular  carcinoma14. On the other hand, Rab1A expression was reduced and played anti-carcinogenic 
roles in androgen-independent prostate  cancer15. In CRC, Rab1A was proposed as an mTORC1 activator and a 
colorectal  oncogene16,17, but the concrete molecular mechanism of Rab1A in CRC is elusive and remains to be 
further explored..

In the present work, our data confirmed increased expression of Rab1A in human CRC tumor tissues in 
comparison to the normal tissues. We also found that Rab1A expression level was further increased in tumors 
with positive LNM, larger tumor sizes, deeper invasion and advanced TNM stage. On functional verification, 
our loss-of-function and gain-of-function experiments revealed that Rab1A knockdown or overexpression can 
respectively inhibit or promote the proliferation and migration of CRC cells.

Table 1.  Relationship between Rab1A expression and clinicopathological characteristics of CRC patients. 
**P < 0.01, ***P < 0.001.

Characteristics Number of cases

Rab1A expression

χ2 P-valueLow (n = 31) High (n = 57)

Age (years)

 < 65 33 8 (24.2%) 25 (75.8%) 2.792 0.095

≥ 65 55 23 (41.8%) 32 (58.2%)

Gender

Male 59 22 (37.3%) 37 (62.7%) 0.333 0.564

Female 29 9 (31.0%) 20 (69.0%)

Tumor location

Left-sided colon 26 12 (46.2%) 14 (53.8%) 2.334 0.311

Right-sided colon 30 8 (26.7%) 22 (73.3%)

Rectum 32 11 (34.4%) 21 (65.6%)

Degree of differentiation

Well 75 27 (36.0%) 68 (64.0%) 1.000

Poor 13 4 (30.8%) 9 (69.2%)

Tumor size

 < 5 cm 43 23 (53.5%) 20 (46.5%) 12.289 0.000***

 >  = 5 cm 45 8 (17.8%) 37 (82.2%)

Depth of invasion

T1-2 16 9 (56.3%) 7 (43.7%) 3.788 0.052

T3-4 72 22 (30.6%) 50 (69.4%)

Lymph node metastasis

Yes 50 24 (48.0%) 26 (52.0%) 8.279 0.004**

No 38 7 (18.4%) 31 (81.6%)

TNM stage

I 13 9 (69.2%) 4 (30.8%) 17.467 0.000***

II 36 14 (38.9%) 22 (61.1%)

III–IV 39 8 (20.5%) 31 (79.5%)
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Figure 2.  Rab1A promoted cell proliferation, migration and EMT in CRC cells. (A) Rab1A expression in five CRC cell 
lines as detected by Western blotting. (B) Rab1A expression was detected by Western blotting in CaCo2 and DLD-1 
cells stably transfected with either control shRNA (NC) or Rab1A shRNA (KD). (C) Rab1A expression was detected 
by Western blotting in SW480 and RKO cells stably transfected with either empty vector (VEC) or plasmids encoding 
human Rab1A (OE). (D) CCK8 assays of Rab1A-silenced CaCo2 cells. (E) CCK8 assays of Rab1A-overexpressed 
SW480 cells. (F) Migration ability of Rab1A-silenced CaCo2 cells as detected by the Transwell assays. (G) Migration 
ability of Rab1A-overexpressed SW480 cells as detected by the Transwell assays. (H–J) E-cadherin, Vimentin and Snail 
expression in Rab1A-silenced cells as detected by Western blotting (H). The bands were quantified and presented as 
the mean ± S.E.M of three independent experiments (I and J). (K–M). E-cadherin, Vimentin and Snail expression 
in Rab1A-overexpressed cells as detected by Western blotting (K). The bands were quantified and presented as the 
mean ± S.E.M of three independent experiments (L and M). Here cropped blots were displayed and all full-length blots 
are included in the Supplementary Information file. **P < 0.01, ***P < 0.001.
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EMT plays a crucial role in tumor cell metastasis, which is accompanied by upregulation of mesenchymal-
associated markers (such as Vimentin) and downregulation of epithelial-associated markers (such as E-cad-
herin)29. In this study, we found for the first time that Rab1A promoted EMT progress in CRC cells evidenced by 
the facts that Rab1A knockdown increased E-cadherin expression and decreased Vimentin expression whereas 
Rab1A overexpression did the opposite, which is in accordance with the previous study in nasopharyngeal 
 carcinoma11.

Figure 3.  Rab1A upregulated Gli1 expression in an SMO-independent manner. (A–C). Gli1 and SMO 
expression in Rab1A-silenced cells as detected by Western blotting (A). The bands were quantified and 
presented as the mean ± S.E.M of three independent experiments (B and C). (D–F). Gli1 and SMO expression in 
Rab1A-overexpressed cells as detected by Western blotting (D). The bands were quantified and presented as the 
mean ± S.E.M of three independent experiments (E and F). (G) Gli1 expression is detected by Western blotting 
in Rab1A-overexpressed SW480 cells treated with cyclopamine (Cyc; 5 μM) for 24 h. Here cropped blots were 
displayed and all full-length blots are included in the Supplementary Information file. ns, nonsignificant, 
**P < 0.01.
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Figure 4.  Rab1A promoted cell proliferation and migration through a Gli1-dependent pathway in SW480 
cells. (A) Gli1 expression is detected by Western blotting in Rab1A-overexpressed SW480 cells treated control 
siRNA (siControl) or Gli1 siRNA (siGli1). (B) Cell proliferation ability was detected by CCK8 assays in 
Rab1A-overexpressed SW480 cells treated control siControl or siGli1. (C) Migration ability was detected by the 
Transwell assays in Rab1A-overexpressed SW480 cells treated control siControl or siGli1. Here cropped blots 
were displayed and all full-length blots are included in the Supplementary Information file. ns, nonsignificant, 
**P < 0.01, ***P < 0.001.
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Figure 5.  Rab1A regulated the phosphorylation of mTOR in CRC cells. (A) p-mTOR and mTOR expression 
in Rab1A-silenced cells as detected by Western blotting. (B) p-mTOR and mTOR expression in Rab1A-
overexpressed cells as detected by Western blotting. (C) A proposed model for SMO-independent Gli1 
upregulation regulated by Rab1A. Here cropped blots were displayed and all full-length blots are included in the 
Supplementary Information file. *P < 0.05, **P < 0.01.
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Gli1, as a key transcriptional factor of the HH pathway, has been proposed as an oncogene in CRC 21,28. It was 
recently reported that Rab1A expression positively correlated with Gli1 in gastric cancer  tissues27, but whether 
Gli1 is regulated by Rab1A in CRC cells is unknown. In the present study, we provided first evidence that Rab1A 
depletion suppressed Gli1 expression whereas ectopic Rab1A upregulated Gli1 expression in CRC cells. To 
detect whether Gli1 is implicated in Rab1A-mediated regulation of CRC cell proliferation and migration, Gli1 
was silenced in Rab1A-overexpressed CRC cells. The results showed that Rab1A overexpression promoted the 
proliferation and migration of SW480 cells, but the enhanced proliferation and migration ability was greatly 
abolished when Gli1 was silenced, suggesting Rab1A-mediated regulation of CRC cell proliferation and migra-
tion is dependent on Gli1.

In mammals, the canonical HH signaling pathway initiates with binding of HH ligands to PTCH, causing the 
release of SMO, which subsequently activates the Gli1 transcription  factors21. When SMO is inactivated, SuFu 
binds to and inhibits Gli1  function24. In this study, SMO inhibitor, such as cyclopamine, do not seem to affect 
Rab1A-mediated Gli1 upregulation, suggesting that Rab1A regulates Gli1 expression independently of SMO. 
Several SMO inhibitors have been tested in clinical  trials30. However, in the present study, we revealed a SMO-
independent regulation of Gli1 by Rab1A, which cannot be suppressed by SMO inhibitors. These results strongly 
suggest that combined inhibition of SMO and Rab1A may be a effective therapeutic target for the treatment of 
CRC. This also suggests that it is necessary and urgent to develop novel inhibitors of Rab1A, which warrants 
future investigation.

The regulation of mTOR signaling by Rab1A was reported by several studies in multiple types of cancers 
including CRC. In gastric cancer  cells8, Rab1A knockdown was showed to repress proliferation and promote 
apoptosis by inhibiting mTOR/p70S6K signaling pathway. It was also reported that aberrant amino acid sign-
aling promotes growth and metastasis of through Rab1A-dependent activation of mTORC1 in hepatocellular 
 carcinomas14. In CRC 16,17, Rab1A was reported as an mTORC1 activator and can promote the proliferation and 
migration ability via the mTOR/S6K1 pathway. In this study, we provided further evidences that Rab1A activated 
mTOR signaling in CRC cells. Considering activated mTOR can upregulate Gli1 expression independent of 
 SMO24, we speculated that the mTOR signaling may be involved in Rab1A-mediated Gli1 upregulation, which 
needs further investigation in the future.

In summary, our data indicated that Rab1A expression was significantly upregulated in CRC tissues and 
increased Rab1A expression correlated with unfavorable clinicpathological features of CRC patients. We also 
found that Rab1A exerts its promotive effect on CRC cell proliferation, migration and EMT progress. Our study 
defines a mechanism for the function of Rab1A that activates mTOR/Gli1 signaling pathway, and then promotes 
malignant properties of CRC cells. Therefore, the Rab1A/mTOR/Gli1 axis may serve as a promising therapeutic 
target for the treatment of CRC.

Materials and methods
CRC tissues and cell lines. CRC tissue samples were obtained from patients underwent surgery in the 
Suzhou Wuzhong People’s Hospital from January 2010 to January 2018. Informed consent was obtained from all 
the patients. All procedures performed in this study involving human participants were in compliance with the 
Declaration of Helsinki. The present study was approved by the Ethics Committee of Wuzhong People’s Hospital. 
The clinicopathological features of CRC patients are shown in Table 1.

The CRC cell lines were procured from Type Culture Collection of Chinese Academy of Sciences, Shanghai, 
China. Cells were cultured in RPMI 1640 (Gibco) medium supplemented with 10% foetal bovine serum (FBS; 
Gibco) and 1% penicillin/streptomycin (Invitrogen). All cells were cultured in a 5%  CO2 incubation chamber at 
37 °C. Some cells were treated with cyclopamine (Selleck).

Immunohistochemistry (IHC). All formalin-fixed, paraffin-embedded samples were cut into 4 μm thick 
sections. Briefly, Slides were immunoreacted overnight at 4 °C with the anti-Rab1A primary antibody (diluted at 
1:100; 11671-1-AP; Proteintech) and then incubated with the secondary antibody for 1 h at room temperature. 
Hematoxylin was used for counterstaining. IHC score was independently assessed by two pathologists without 
knowledge of patient characteristics. For IHC score, the percentage (designated as 1 (< 25%), 2 (25–50%), 3 
(51–75%) and 4 (> 75%)) of stained tumor cells was multiplied by the intensity (0, 1, 2, or 3) to achieve a total 
score between 0 and 12.

Western blotting assay. Total proteins were extracted, subjected to SDS-PAGE gels and transferred to 
PVDF membranes. After blocking with 5% milk, the membrane was incubated with primary antibody over-
night at 4 °C followed by incubation with secondary antibody. Signals were detected using chemiluminescence 
(Tanon, China). Primary antibodies used for immunoblotting were listed as followings: anti-E-cadherin anti-
body (diluted at 1:1000; 20874-1-AP; Proteintech), anti-Vimentin antibody (diluted at 1:1000; 10366-1-AP; Pro-
teintech), anti-Gli1 antibody (diluted at 1:1000; 66905-1-Ig; Proteintech), anti-SMO antibody (diluted at 1:1000; 
66851-1-Ig; Proteintech), anti-p-mTOR (diluted at 1:1000; 9205; CST), anti-mTOR (diluted at 1:1000; 2983; 
CST), anti-GAPDH (diluted at 1:1000; 60004-1-Ig; Proteintech).

Construction of stable cell lines. CRC cells stably expressing Rab1A-specific short hairpin RNA (shRNA) 
and plasmids encoding human Rab1A were constructed to downregulate and upregulate Rab1A respectively 
using a lentivirus technique (GeneChem, Shanghai, China). Transfection of small interfering RNA (siRNA) 
targeting Gli1 was conducted using Lipofectamine™ RNAiMax (Invitrogen) at a final concentration of 20 nM 
according to the manufacturer’s instructions. The Rab1A shRNA target sequence is 5’-TCG TTG CAT TCT TAG 
CAC TGG-3’. The Gli1 siRNA target sequence is 5′-CUC CAC AGG CAU ACA GGAU-3′.
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Cell viability assay. Cell proliferation ability was determined using a Cell Counting Kit-8 (CCK-8) Assay 
(APExBIO) according to the manufacturer’s methods. Approximately 2000 cells were plated in 96-well plates for 
1, 2 and 3 days. Then the cells were treated with 10 μl of CCK-8 solution and incubated for 2 h. Optical density 
(OD) was measured at 450 nm.

Transwell migration assay. Cells resuspended in serum-free RPMI 1640 medium were seeded in the 
upper transwell chamber (Corning, USA). RPMI 1640 medium containing 10% FBS was added into the lower 
chamber. 4% paraformaldehyde (Beyotime, Beijing, China) was used to fix cells transferred to the lower surface. 
0.1% crystal solution (Beyotime, Beijing, China) was used to stain cells.

Statistical analysis. Data of all assays were expressed as means ± standard errors of the mean (SEM). A 
two-tailed Student’s t-test was used for analysing the statistical difference between two data sets while the multi-
set data groups were analysed through one way analysis of variance (ANOVA). Analysis of IHC was evaluated 
using the chi-square statistical test or Fisher’s exact test. P < 0.05 was considered statistically significant.
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