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Abstract 

Cancer cell signaling, growth, morphology, proliferation and tumorigenic potential are largely 
depending on the signaling molecules present naturally in the tumor microenvironment and the 
identification of key molecules that drive the tumor progression is critical for the development of 
new modalities for the prevention of tumor progression. High concentrations of vimentin in the 
blood of cancer patients have been reported, however the function of blood circulating vimentin 
remains unknown. Here, we investigated the functional role of exogenously supplemented 
vimentin on colon cancer cells and examined the Wnt Signaling activation and cancer cell invasion. 
Vimentin when supplemented to the cancer cells remained bound to the surface of the cancer 
cells. Furthermore, bound vimentin activates Wnt signaling pathway as detectable by increased 
β-catenin accumulation in the nucleus with concomitant activation of β-catenin-dependent 
transcription of Wnt signaling downstream targets. Functionally, there was an increase in the rate 
of cellular invasion in these cancer cells upon binding with vimentin. Our results thus suggest that 
free vimentin in the tumor microenvironment acts as a positive regulator of the β-catenin signaling 
pathway, thus providing a basis for cancer invasive properties. 
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Introduction 
The tumor microenvironment has emerged as a 

key mediator for tumor progression and serves as an 
important target for cancer therapy [1]. Tumor 
progression induction molecules present in the tumor 
environment are either secreted from the surrounding 
infiltrating cells or from circulating proteins. The 
concentrations of various signaling molecules in the 
surrounding environment influence cancer cell 
growth and tumorigenic potential including cell 
proliferation, migration, invasion and other critical 
cancer biological processes. These properties thus 
allow the cancer cells to sustain and expand in the 
immune cell rich microenvironment. For example, the 
presence of EGFR ligands in the tumor 
microenvironment provides sustained EGFR 

signaling in breast cancer cells that supports the 
growth of cancer cells and inhibiting the availability 
of these ligands thus affects the growth of cancer cells 
thereby prevents tumor progression [2].  

Vimentin although considered to be strictly 
cytoskeletal in nature has also been reported to be 
transported to the cell surface in certain cell types [3]. 
Also, vimentin has shown to be secreted by certain 
cell types in the blood [4-6] and its presence in the 
tumor stroma of colorectal cancer patients was 
correlated to a higher malignant potential and 
associated with a shorter survival rate [7]; however, 
the function of secreted vimentin still remains elusive. 
Garg et al. have previously shown the function of 
externally secreted vimentin on immune cells, 
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wherein vimentin released by mycobacterium 
infected monocytes binds to natural killer (NK) cells 
through Nkp46 receptor and reduces the cytolytic 
activity of NK cells [8]. However, there are no reports 
on the ability of vimentin to bind cancer cells and its 
ability to serve as a ligand to induce any signaling 
pathway. Here in this study for the first time we 
investigate and dissect the functional role of 
exogenously added vimentin on cancer cells.  

Materials and Methods 
Cell lines and culture conditions 

Human colorectal cancer (CRC) cell lines DLD-1, 
GEO, SW-480, SW-620, HT-29, HCT-116, and Caco-2 
were obtained from the American Type Culture 
Collection (Vanassas, MD) and cultured according to 
the supplier’s instructions. HPC1 (human primary 
colon cancer cells) and HLM3A (human colon cancer 
cells metastasized to liver) were isolated from surgical 
specimens and cultured in our laboratory [9]. 
NCM-356 normal colonic epithelial cells were used as 
control cell line. These cell lines were The M.D. 
Anderson Cancer Center (MDACC) Institutional 
Review Board approved human specimen 
procurement, and informed consents were obtained. 

Flow cytometry 
In general, a total of 5 x 105 cells were detached 

with a non-enzymatic dissociation buffer, washed, 
and used for flow cytometry. To detect if externally 
added vimentin binds to the cancer cells; cells were 
incubated with physiologically relevant levels of 
rhVim (250 ng/mL) [6] (recombinant human vimentin 
R&D Systems CF2105-VI-100 with C-terminal 6-His 
tag) or with serum albumin (AbCAM 94020 with 
6-His tag) (250 ng/mL) as control for 15 min on ice. 
Later the cells were washed twice in 
phosphate-buffered saline (PBS). For CSV analysis, 
cells were stained with the 84-1 monoclonal antibody 
developed in our lab [10](1:100); mouse primary 
antibody (Invitrogen) was used as an isotype control. 
Later, cells were rinsed twice in PBS and labeled for 
secondary antibody using Alexa Fluor-488 secondary 
antibody (Invitrogen). Cells were then washed twice 
in PBS and immediately used for data acquisition 
using an Attune flow cytometer (Applied Biosystems) 
and detected binding using excitation/emission 
maxima of 495/519 nm. For the analysis, 50,000 cells 
were counted. The data were analyzed using FlowJo 
software (Treestar). Y axis denotes cell count and x 
axis indicates BL1A log fluorescence intensity.  

Proteome Profiler Human Phospho-Kinase 
Array Kit 

Proteome profiler array kit (ARY003B) was 

purchased from R&D Systems. Each array contains 4 
sets of 2 membranes - each spotted in duplicate with 
antibodies against 43 different phosphorylated 
proteins and 2 related total proteins. Assay was 
performed according to manufacturer’s instructions. 
Cell lysates were prepared from HPC1 or NCM356 
cells for control serum albumin (250 ng/mL) treated 
or rhVim (250 ng/mL) treated for 24 hr. Cell lysates 
were loaded at 400 µg per array. After recommended 
incubations and washes, the membranes were 
exposed to X-ray film at different exposure times. The 
intensities of the relative expression levels of proteins 
were quantified by densitometry (VersaDoc imaging 
system, Bio-Rad).  

Immunocytochemistry 
For immunocytochemical characterization, cells 

growing on chamber slides (after respective 
treatments) were washed in PBS and fixed using 4% 
paraformaldehyde (PFA) at room temperature (RT) 
for 20 min. To detect intracellular proteins, fixed cells 
were then blocked in PBS containing 0.25% 
Nonidet-P40 and 1% FBS for 60 min. Cells were then 
washed and incubated with primary antibody [IgG 
control (1:250), β-catenin (1:250), E-Cadherin (1:250), 
cyclin D1 (1:100), c-myc (1:250) and vimentin (1:250) 
overnight at 4oC. Later cells were rinsed in PBS 2x. 
Cells were then rinsed in PBS and stained with Alexa 
Fluor-555 secondary antibodies (Invitrogen) (1:250) 
for respective antibodies. For nuclei staining, Sytox 
Green (Invitrogen) (1:1000) was incorporated along 
with secondary antibody for 60 min. The cells were 
then washed with PBS three times for 15 min each and 
mounted in SlowFade antifade reagent (Invitrogen). 
For confocal analysis, images were acquired in 8 bits 
with the Zeiss LSM 510 confocal microscope using 
LSM5 image capture and analysis software, version 
3.2 (Zeiss). A 63x water-immersion objective lens (NA, 
1.0) was used with digital zoom for image capture. All 
images were acquired by the same operator using the 
same intensity and photo detector gain in order to 
allow quantitative comparisons of relative levels of 
immunoreactivity between different samples. 

Western blot analysis  
Immunoblotting was performed as described in 

detail before [11]. Antibodies were against β-catenin 
(8480), β-catenin S552 (5651), β-catenin S675 (4176), 
Axin1 (2087), GSK-3 β, LRP-6 (3395), Dvl-3 (3218), 
cyclin D1 (2978), c-myc (5605) and β-actin (4967). All 
antibodies were purchased from Cell Signaling 
Technologies and the catalog numbers are included 
next to protein name. Primary and secondary 
antibodies were diluted in 5% nonfat milk/TBST or 
5% bovine serum albumin/TBST and incubated 
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overnight at 4°C, and blots were developed with 
Enhanced Chemiluminescence or Enhanced 
Chemiluminescence Plus (GE Biosciences). The blots 
were quantified using a Bio-Rad VersaDoc. The 
densities of the bands were normalized with respect 
to β-actin. 

TOP FLASH/ FOP FLASH Reporter Assay 
TOPFLASH and FOPFLASH plasmids were 

provided Dr. Hans Clevers. Briefly, 100,000 cells per 
well were plated onto six-well plates. Either 
TOPFLASH or FOPFLASH (1 μg/well) was 
transfected using LipofectAMINE Plus (Invitrogen) 
according to the manufacturer's instructions. Per well, 
0.5 ng Renilla control luciferase plasmid was 
cotransfected to normalize for transfection efficiency. 
Forty-eight hours after transfection, cells were lysed 
with 1× passive lysis buffer (Promega), and the 
luciferase assay was done using the Dual-Luciferase 
Reporter Assay Kit (Promega). TOPFLASH and 
FOPFLASH values were normalized to Renilla, and 
fold induction for each cell line was calculated as 
normalized relative light units of TOPFLASH divided 
by normalized relative light units of FOPFLASH. For 
Wnt activation by rhVim, transfected cells were 
incubated with 250 ng/mL rhVim in DMEM/F-12 
medium for 24 h before lysis or serum albumin was 
used as a control. 

Quantitative real-time RT-qPCR  
Total RNA was isolated from cells using TRIzol 

Reagent (Life Technologies). Residual genomic DNA 
was removed from total RNA using the TURBO 
DNA-free kit (Life Technologies). 

Two micrograms of RNA were used for cDNA 
synthesis using the High-Capacity RNA-to-cDNA Kit 
(Life Technologies). The relative gene expression 
levels were determined using RT- qPCR and SYBR 
Green labeling method in a StepOnePlus™ Real-Time 
PCR System (Life Technologies). The reaction 
contained 2 µL cDNA, 12.5 µL SYBR Green PCR 
Master Mix (Life Technologies), and 200 µM primer in 
a total volume of 25 µL. The PCR cycling conditions 
were as follows: 40 cycles of 15 s at 95C and 60 s at 
60C. All samples were run in duplicates. The CT value 
of each sample was acquired, and the relative level of 
gene expression was calculated by the delta CT 
method, which was normalized to the endogenous 
control of GAPDH. Data were expressed as n-fold 
relative to control. The primer sequences for human 
genes are: 

Fibronectin: CCATCGCAAACCGCTGCCAT 
and AACACTTCTCAGCTATGGGCTT 

N-cadherin: TGATCGAGAAAAAGTGCAAC 
AGTATAC and GGCTGTGTTTGAAAGGCCATA 

Slug: AAGCATTTCAACGCCTCCAAA and 
GGATCTCTGGTTGTGGTATGACA 

Snail: TCGGAAGCCTAACTACAGCGA and 
AGATGAGCATTGGCAGCGAG 

Twist: CCGGAGACCTAGATGTCATTG and 
CCACGCCCTGTTTCTTTG 

Vimentin: GCAGGCTCAGATTCAGGAACA 
and GTGAGGTCAGGCTTGGAAACA  

Gapdh: ATGGAAATCCCATCACCATCTT and 
CATCGCCCCACTTGATTTTG 

FluoroBlok invasion Assay 
Normal colon cell line NCM-356 and colon 

cancer cell lines HPC1, HLM3, Caco-2, DLD-1, HT-29, 
SW480 and SW620 were trypsinized and counted. 
Cells were seeded on matrigel-coated FluoroBlok 
inserts or non-coated FluoroBlok inserts and allowed 
to invade or migrate in presence of Aphidicolin 
(Sigma Aldrich), a cell proliferation inhibitor. 24 or 48 
hours later cells that migrated or invaded to the 
underside of the insert were quantified on a 
spectrophotometer at excitation 485 and emission 520.  

Statistical Analysis 
Data are presented as mean ± SEM. Unless stated 

otherwise, data were analyzed using the Student t 
test, and considered statistically significant when the 
P value was less than 0.05.  

Results  
Externally added vimentin binds to cell surface 
of cancer cells 

To assess if external vimentin found circulating 
in the blood of cancer patients binds to the surface of 
cancer cells, we tested the binding ability of externally 
added recombinant human vimentin (rhVim) to 
cancer cells using 84-1, a specific antibody against 
CSV and analyzed binding using flow cytometry. We 
utilized HPC1 colon cancer cells for this analysis and 
from the data shown in Fig. 1a, it is interesting to note 
that the cancer cells express basal levels of CSV 
depending on the metastatic phenotype of the cancers 
and upon external addition of rhVim; there was a 
dramatic increase in the levels of vimentin bound to 
the surface of cancer cells. We also observed this 
binding in several other cancer cell lines that were 
tested (representative are presented in Supplementary 
Table 1). Normal NCM-356 cells were tested as 
negative control and vimentin doesn’t bind to these 
cells indicating the presence of specific receptors on 
surface of cancer cells. This data thus shows that 
externally added vimentin binds to the cell surface of 
cancer cells.  
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Figure 1: Vimentin binds to cancer cell surface and induces nuclear β-catenin accumulation: (A) Immunological assessment of CSV expression and external addition of rhVim to HPC1 
cells using flow cytometry. Basal levels of CSV were detected in HPC1 cells and upon addition of vimentin; there is an increase in the levels of vimentin bound to the surface of 
the cells as observed in the histogram. Isotype controls were used as negative controls. (B) Proteomic array profile in HPC1 cells. HPC1 cells were treated with serum albumin 
(control) and with rhVim 250 ng/mL and cell lysates were incubated with arrays and images were collected and analyzed using Biorad imaging system. Columns indicate band 
density of different proteins that showed the highest level of changes. (C) Detection of β-catenin in HPC1 cancer cell line using confocal microscopy. β-catenin (red) was 
detectable in nucleus of cells treated with external rhVim (250 ng/mL). DRAQ5 was used to demarcate the nucleus of the cells. Scale bar, 10 µm. (D) Detection of β-catenin in 
various colon cancer cell lines using confocal microscopy. β-catenin (red) was detectable in nucleus of cells treated with rhVim (250 ng/mL). DRAQ5 was used to demarcate the 
nucleus of the cells. Scale bar, 10 µm. (E) Immunoblots of β-catenin in nuclear and cytoplasmic proteins from HPC1 cells. HPC1 cells treated with serum albumin or with rhVim 
(250 ng/mL) for ON were lysed to harvest cytoplasmic and nuclear proteins, respectively, and western blot was developed using respective antibodies. GAPDH was used as a 
loading control for cytoplasmic proteins, and Lamin b was used as a loading control for nuclear proteins. Intensity quantification (intensity of β-catenin/intensity of loading control) 
shown on the right panel represents the mean intensity of three repeated experiments. 

 

Externally added vimentin induces β-catenin 
expression  

Analyzing the phosphorylation profiles of 
kinases and protein substrates is one of the 
approaches of understanding the effect of the 
microenvironment on cancer cells. Since external 

vimentin binds to cell surface of cancer cells, we tested 
if this binding alters any kinases and substrates status. 
To evaluate the effect of externally added vimentin we 
utilized the human phospho-kinase array from R&D 
systems that is an economical tool to simultaneously 
detect the relative site-specific phosphorylation of 43 
different proteins and 2 related total proteins. This 
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method thus provides an easy and efficient way of 
detecting changes in the cancer cells after treating 
with rhVim. HPC1 cells were treated with rhVim (250 
ng/mL) and serum albumin (250 ng/mL) overnight. 
After incubating the arrays with treated and control 
lysates, the results showed that there were four 
targets that altered significantly when compared to 
control (Fig. 1b). These changes were observed in 
β-catenin, phospho Akt, CREB and phospho Hsp27. 
Given that Wnt signaling is very prominent in colon 
cancer cells, we pursued β-catenin status in these 
cells. Also as an additional control to show that 
external vimentin specific binding occurs only in 
cancer cells, we used NCM356 cells as control cells, 
which were also treated with rhVim and serum 
albumin respectively. There was no change observed 
in any of the target genes in this cell line (data not 
shown).  

Externally added vimentin increases nuclear 
accumulation of β-catenin 

To test if β-catenin translocates to nucleus upon 
addition of external rhVim, we treated human 
primary colon cancer cells HPC-1 with rhVim at 
250-ng/mL concentration overnight and 
immunostained cells for β-catenin expression to 
visualize changes in its localization. From the results 
in Fig. 1c it can be seen that externally added rhVim 
potentiated the accumulation of β-catenin in the 
nucleus of the cells in comparison to that of the 
control cells. This observation was also examined by 
immunofluorescence in a set of seven human colon 
cancer cell lines that include Caco-2, DLD-1, GEO, 
HCT-116, HT-29, SW480, SW620 and one liver 
metastasized cell line HLM3A (Fig. 1d). Importantly, 
this nuclear accumulation of β-catenin was observed 
in ~70% of the cells tested, indicating that externally 
added vimentin is a potent activator of β-catenin 
signaling pathway. Quantifications of β-catenin 
nuclear accumulation are included in Supplement 
Figure 1. As we indicated, in most human colon 
cancer cell lines, exogenous vimentin leads to nuclear 
accumulation of β-catenin. Further, to validate this 
result, Western blotting of β-catenin in nuclear and 
cytoplasmic proteins of HPC1 cells was performed 
(Fig. 1e). Our data showed that overnight incubation 
with vimentin significantly promoted nuclear 
localization of β-catenin. 

Externally added vimentin increased 
phosphorylation of β-catenin at Serine 675 

It has been previously reported that increased 
phosphorylation of β-catenin at Serine 675 is 
associated with increased nuclear accumulation of 
β-catenin [13]. Thus we tested the phosphorylation 

status of β-catenin S552 and S675 phosphorylation 
using externally added rhVim in HPC1 cells using 
western blotting. From the Fig. 2a it is observed that 
externally added vimentin increases the 
phosphorylation of β-catenin at S675, but not of 
phosphor-β-catenin (S552) as assessed by 
densitometric analysis (Fig. 2b). Interestingly, the 
NCM-356 cells treated with rhVim did not show an 
induction in the levels of phosphorylated β-catenin at 
S675 (Data not shown).  

 

 
Figure 2: β-catenin phosphorylation status in HPC1 cells treated with control serum 
albumin or with rhVim: (A) HPC1 cells treated with serum albumin or with rhVim (250 
ng/mL) at 6 hours were lysed and western blot was developed using respective 
antibodies. β-actin was used as a loading control. (B) Intensity quantification (intensity 
of indicated protein/intensity of β-actin) represents the mean intensity of three 
repeated experiments. 

 

Externally added vimentin elevated 
β-catenin/TCF Transcriptional activity 

Since β-catenin accumulates in the nucleus upon 
addition of external rhVim, we then tested the ability 
of rhVim to transactivate a luciferase reporter plasmid 
containing wild-type (TOP-FLASH) or mutated 
(FOP-FLASH) β-catenin/TCF binding sites as 
regulatory elements. For this purpose, we examined 
HPC1 cells by treating with external rhVim and 
control serum albumin. Our results showed that 
rhVim supplementation displayed a higher ability to 
transactivate the TOP-FLASH reporter plasmid in 
comparison to the control treated (Fig. 3a). There was 
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also decreased activity of FOP-FLASH observed in 
rhVim treated sample. In accordance with our 
findings showing an increasing cytoplasmic and 
nuclear localization of β-catenin in rhVim treated 
cells, these data clearly suggested that rhVim 
treatment have a stronger β-catenin/TCF 
transcriptional activity in comparison to the control 
serum albumin treated samples.  

Externally added vimentin regulates 
expression of Wnt target genes 

To examine if external rhVim mediated β-catenin 
accumulation in the nucleus leads to increased 
expression of Wnt target genes, HPC1 cells were 
treated with rhVim or serum albumin and analyzed 
for the expression of different proteins that are direct 
targets of Wnt signaling activation. From 
immunocytochemical analysis of these cells after 
treatment as seen in Fig. 3b it is evident that c-myc 
was up-regulated upon rhVim treatment, while there 
was no significant change in the expression of 
E-Cadherin protein. Interestingly, few of the cells that 
were treated with rhVim started expressing vimentin, 
which could be attributed to the ability of β-catenin to 
transcribe vimentin expression [14]. It is suggested 

that disheveled (Dsh or Dvl) play a key role in the 
stabilization of β-catenin [15] and from our analysis of 
western blot in Fig. 3c we observed a slight increase in 
the expression of Dvl3 protein indicating that external 
rhVim could be stabilizing β-catenin expression via 
Dvl3. Also, our western blot data further show an 
increase in the expression of cyclin D1, c-myc, axin-1 
and LRP-6 which are target genes for the β-catenin/ 
TCF-LEF pathway activation [12]. However, there 
was no change in the levels of GSK-3 β. These changes 
were not observed in normal colon epithelial cells 
since there was no binding to external vimentin in 
these cells.  

Given the ability of external rhVim to induce the 
levels of vimentin in epithelial cells, we tested the 
possibility of epithelial mesenchymal transition 
phenomenon in these cancer cells by utilizing an 
RT-PCR analysis for EMT specific markers that 
include Fibronectin, N-Cadherin, Slug, Snail and 
Twist proteins. From Fig. 3d it is evident that there is a 
drastic increase in the levels of slug [16] protein in 
cells treated with external rhVim indicating the 
process of EMT in these cells.  

 

 
Figure 3: β-catenin transcribes the expression of Wnt signaling downstream targets: (A) rhVim addition affects β-catenin-mediated transcription in HPC1 cells. Graph represents 
β-catenin/TCF/LEF-mediated transcriptional activity. Bars, SE of two independent experiments done in triplicate. (B) Detection of E-Cadherin, C-Myc, β-catenin and vimentin 
expression in HPC1 cancer cell line using confocal microscopy. Respective protein (red) was detectable in nucleus of cells treated with rhVim (250 ng/mL). DRAQ5 was used to 
demarcate the nucleus of the cells. Scale bar, 10 µm. (C) immunoblot analysis of various Wnt signaling molecules in HPC1 and NCM-356 cells treated with either rhVim (250 
ng/mL) or serum albumin (control) for 24 h. Actin was used as a loading control. Intensity quantification (intensity of indicated protein/intensity of β-Actin) shown under each blot 
represents the mean intensity of three repeated experiments. (D) RT-qPCR was performed in HPC1 cells that were treated with rhVim to assess the levels of different 
epithelial-mesenchymal genes. Data is represented as fold change control to that of treated.  
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Figure 4: rhVim increases invasion potential of colon cancer cells: Invasion of colon cancer cells treated with rhVim or serum albumin was quantified using FluoroBlok chamber 
assay. Data are representative of two independent experiments with three replicates in each experiment. (*p<0.01) 

 

Externally added vimentin regulates cell 
invasion 

Since Wnt signaling is involved in a variety of 
cellular processes and given the ability of external 
vimentin to activate EMT phenotype, we tested if 
there is an increase in invasion rate of the cells. 
Invasion was evaluated using a FluoroBlok invasion 
assay. Cells were treated with external rhVim or 
serum albumin and analyzed for invasion. The results 
(Fig. 4) indicated a significant increase in the invasion 
of cancer cells (except SW480 cells) when compared to 
that of the serum albumin control. Normal cell line 
NCM-356 did not show any difference in invasion 
upon addition of rhVim. There was no significant 
change observed in the migration ability of these cells. 
Taken together these results suggest that vimentin 
presence in the extracellular milieu promotes tumor 
cell invasion. 

Discussion 
During metastasis, epithelial cells acquire the 

ability to invade the surrounding tissue and travel to 
surrounding organs. This ability to invade is mainly 
associated with the gain of mesenchymal 
characteristics and loss of epithelial characteristics in 
the cancer cells. This gain of mesenchymal 
characteristic is associated with an increase in 
intracellular vimentin expression levels [3]. Vimentin 
is a cytosolic protein that can be localized on the 
tumor cell surface by several researchers including us 
[17,9,10,18-21]. Also, vimentin is shown to be secreted 
into the surrounding environment by different cell 
types [4-6] and the function of this secreted vimentin 
remains unknown.  

This study for the first time reveals the binding 
of external vimentin to the surface of cancer cells but 
not to normal cells. This binding thus shows the 
presence of specific receptors in different cancer cell 
lines that could interact with vimentin. This receptor 
needs to be elucidated in the future study. To 

elucidate the signaling pathway that activates upon 
vimentin binding, we did a proteomic array analysis. 
From proteomic analysis it is evident that there is an 
increase in the levels of β-catenin, while there was a 
decrease in the phosphorylation of Akt which is an 
indication of reduction in apoptosis and increased 
tumor progression [22]. While phosphorylation of 
HSP27 has many subsequent effects [23]. Given the 
extensive role of Wnt signaling pathway in colorectal 
tumorigenesis, we pursued the role of vimentin in 
Wnt signaling pathway.  

In normal epithelial cells, β-catenin is 
cytoplasmic in nature that forms complexes with 
E-cadherin which contributes to cell-cell adhesion 
properties of the cells. Under appropriate stimulus, 
β-catenin accumulates in the cytosol and then 
translocates to the nucleus where it binds to 
TCF/LEF-1 domain, thus transactivating several 
genes that have been identified as targets of 
β-catenin/ transcriptional regulation. Some of the 
prominent genes that are transcribed include cyclin 
D1, c-myc, TCF-1, slug, vimentin and CD44. Here in 
our study we show the transactivation of β-catenin 
pathway by external addition of vimentin that 
induces the expression of various Wnt specific 
down-stream targets. This involved an increase in the 
phosphorylation of S675 residue on β-catenin, which 
causes an accumulation in the nucleus. It is known 
that S675 residue in β-catenin is phosphorylated by 
PKA [24] and this phosphorylation does not affect the 
GSK3-dependent phosphorylation of β-catenin, its 
stability or intracellular localization; and further 
phosphorylation at Ser-675 site promotes the binding 
of β-catenin to its transcriptional coactivator, 
CREB-binding protein (CBP). Although from our data 
it is evident that there is an increased S675 
phosphorylation which explains the Wnt downstream 
targets over expression, it is very intriguing to 
understand the activation of Wnt signaling pathway 
using external vimentin treatment.  
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To dissect the Wnt signaling activation in rhVim 
treated cells, we utilized the online HitPredict 
algorithm that has a database of high confidence 
protein-protein interactions [25]. Using this algorithm, 
we screened for possible interacting partners of 
vimentin that play a critical role in Wnt signaling. 
From our analysis we found Ryk protein, a prominent 
molecule involved in Wnt signaling pathway [26] as a 
possible interacting partner of vimentin as analyzed 
by the algorithm (http://hintdb.hgc.jp/htp/ 
interactions/222175.html). On the basis of the 
association of vimentin with Ryk protein and the role 
of Ryk protein in the Wnt signaling pathway 
(schematic representation in Figure 5), we 
hypothesize that vimentin could serve as a ligand to 
Ryk receptor or would associate with Ryk receptor 
and enhance the Wnt signaling activation, a 
possibility which shall be investigated in the future.  

From our observations reported here, we 
speculate the following possible roles of secreted 
vimentin in cancer patients; circulating vimentin 
induces Wnt signaling pathway which is involved in a 
variety of tumorigenic events; Since externally added 
vimentin induces mesenchymal phenotype in the 
epithelial HPC1 cells, secreted vimentin detected in 
cancer patient serum may impart mesenchymal 
nature to the epithelial cells either at the primary 
tumor site or circulating tumor cells in the blood. 
Recently, Par-4 protein was shown to interact with 
vimentin and arylquin was able to disrupt the 
interaction and secrete Par-4 which induced apoptosis 
in cancer cells [27] indicating another possible role of 

secreted vimentin to interact with Par-4 in 
extracellular milieu so as to negate its anti-apoptotic 
effects.  

There are a number of gene mutations involving 
tumor suppressor genes during the gradual 
progression of sporadic colorectal cancers (CRCs). 
Inactivating somatic mutations in the adenomatous 
polyposis coli (APC) has been found in majority 
(~70%) CRCs as an initial event of histological 
changes [28]. Germline mutation of APC is 
responsible for familial adenomatous polyposis (FAP) 
[29]. Normally, APC functions as a regulator of 
β-catenin in Wnt pathway. In the absence of Wnt 
ligands, APC facilitates the degradation of 
cytoplasmic β-catenin through Axin and GSK3β [30]. 
By contrast, inactivating mutation of APC impaired 
its regulation of β-catenin, resulting in the activation 
of Wnt pathway [30]. In our study, most of the human 
colon cancer cell lines (Caco2, DLD1, HCT116, HT29, 
SW480 and SW620) were characterized with 
mutations in APC. HCT116 cells carry wild type APC, 
and HPC1, GEO and HLM3A are uncertain. Our 
results showed that exogenous vimentin enhanced 
nuclear accumulation of β-catenin in spite of APC 
gene status. Nevertheless, whether or not mutated 
APC has any influence in the effect of exogenous 
vimentin in Wnt signaling pathway remains unclear. 
In our future studies, it could be interesting to 
investigate the differences in physiological levels of 
vimentin and downstream Wnt-related gene status 
between wildtype and mutant APC-carrying CRCs. 

 

 
Figure 5: Schematic representation of Wnt signaling pathway: We hypothesize, externally added vimentin binds to Ryk receptor that activates Wnt signaling pathway by 
enhancing S675 phosphorylation of β-catenin that increases its accumulation in the nucleus thereby inducing Wnt downstream targets through TCF/LEF factors. In the absence 
of ligand, β-catenin gets degraded. 
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In conclusion, exogenously supplemented 
vimentin was shown to promote tumor cell invasion 
in vitro. Together, these results suggest the circulating 
vimentin secreted into the blood as a potential target 
to control the rate of invasion of cancer cells and these 
studies thus provide a deeper look into the unknown 
roles of vimentin. We envision that the blockade of 
freely available vimentin in the blood of cancer 
patients might be a useful tool in preventing the 
activation of Wnt signaling pathway that is known to 
activate a multitude of tumorigenic events.  
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