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Abstract

During the last decade, mounting evidence has implicated the human neurotropic virus JC virus in the pathology of colon
cancer. However, the mechanisms of JC virus-mediated oncogenesis are still not fully determined. One candidate to mediate
these effects is the viral early transcriptional product T-Antigen, which has the ability to inactivate cell cycle regulatory
proteins such as p53. In medulloblastomas, T-Antigen has been shown to bind the Wnt signaling pathway protein b-catenin;
however, the effects of this interaction on downstream cell cycle regulatory proteins remain unknown. In light of these
observations, we investigated the association of T-Antigen and nuclear b-catenin in colon cancer cases and the effects of
this complex in the activation of the transcription and cell cycle regulators c-Myc and Cyclin D1 in vitro. Gene amplification
demonstrated the presence of viral sequences in 82.4% of cases and we detected expression of T-Antigen in 64.6% of cases
by immunohistochemistry. Further, we found that T-Antigen and b-catenin co-localized in the nuclei of tumor cells and we
confirmed the physical binding between these two proteins in vitro. The nuclear presence of T-Antigen and b-catenin
resulted in the significant enhancement of TCF-dependent promoter activity and activation of the b-catenin downstream
targets, c-Myc and Cyclin D1. These observations provide further evidence for a role of JCV T-Antigen in the dysregulation of
the Wnt signaling pathway and in the pathogenesis of colon cancer.
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Introduction

Colorectal carcinoma (CRC) remains a serious health problem

around the world despite advances in diagnosis and treatment. It

ranks third in overall cancer incidence and is the second most

common cause of cancer mortality in the United States where

there are an estimated 140,000 new cases and 50,000 CRC-

related deaths each year [1]. The risk of developing sporadic colon

cancer in the general population is 5%, but this incidence increases

with age due to the accumulation of genetic and epigenetic

alterations [2]. Some of these alterations can be caused by

environmental factors, including viruses, which have been

implicated in several other types of cancer. Several independent

studies have established that approximately 20% of all cancers are

caused by infectious agents [3,4]. One such agent is the human

neurotropic JC virus (JCV), a member of the Polyomaviridiae
family, which also includes SV-40, BK virus (BKV) and the newly

discovered Merkel Cell Polyomavirus (MCPyV), found to be

clonally integrated in a high percentage of Merkel cell carcinomas.

JCV has been established as the causative agent of Progressive

Multifocal Leukoencephalopathy (PML), a demyelinating disease

affecting HIV patients [5], and more recently in patients

undergoing immunomodulatory therapy [6]. During the last

decade, several laboratories have demonstrated that JCV is

associated with various human cancers, including brain tumors

[7,8], lung cancer [9], and malignancies of the upper and lower

digestive tracts [10–12].

JCV is a ubiquitous virus that infects a large proportion of the

general population. According to sero-epidemiological studies,

primary infection with JCV occurs in early childhood and over

70–90% of adult individuals are positive for anti-JCV antibodies

[13,14]. Although primary infection is asymptomatic, the

proposed route of transmission is via the respiratory tract, after

which JCV establishes a latent infection in the kidney. In

approximately 30% of healthy seropositive individuals, JCV is

shed in the urine under normal conditions [15,16]. As a result,

intact JCV particles have been isolated from samples of raw urban

sewage from around the world [17,18], which together with the

finding of viral DNA in epithelial cells from the upper and lower

digestive tracts [19], suggests an additional point of entry for the

virus through the GI tract via exposure to contaminated water or

food. Importantly, Bofill-Mas, et al showed that viral particles

isolated from sewage remained intact after treatment at a pH of 1
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for 30 minutes, indicating that ingestion of contaminated water or

food may be sufficient for JCV infection of the gastrointestinal

tract [20]. Many studies since, have demonstrated the presence of

JCV genomic sequences and the expression of T-Antigen in tissues

from gastrointestinal tumors, including esophageal carcinoma

[11], gastric carcinoma [12,21,22], sporadic adenomatous polyps

[23], and colorectal adenocarcinomas [10,24–30].

The JCV genome is approximately 5.2 kb in size and can be

divided into three regions: the early viral genomic region (EVGR),

the late viral genomic region (LVGR), and the non-coding control

region (NCCR), which contains the origin of replication, and is

located between early and late genomic regions. The EVGR

encodes a powerful oncogenic protein, large T-Antigen, while the

LVGR encodes the viral capsid proteins VP1, VP2 and VP3, as

well as the Agnoprotein, a small accessory product [31]. The

current model of JCV-mediated oncogenesis involves the integra-

tion of portions of the JCV genome, particularly the T-Antigen

gene, which is proposed to increase the risk of developing cancer

due to the subsequent expression of T-Antigen. In support of this

model, Theodoropoulos et al showed that the JCV viral load was

10- to 50- fold higher in colon adenomas and adenocarcinomas

compared to matched normal tissue [32]. Additionally, Coelho

et al recently demonstrated that CRC tissue has a significantly

higher relative frequency of JCV genomic sequences than adjacent

normal mucosa and distant normal mucosa [33].

The transforming abilities of JCV T-Antigen in vitro are well

known [34]. In vivo T-Antigen causes a variety of Central

Nervous System tumors when injected into the brain of rodents

and non-human primates, ranging from medulloblastomas to glial

tumors [35–37]. Transgenic mice that express JCV T-Antigen

from the NCCR develop tumors of neuroectodermal origin,

including medulloblastomas, glial tumors, and malignant periph-

eral nerve sheath tumors [38–40]. This transformation process

occurs through the interaction of T-Antigen with key cell cycle

regulatory proteins, including p53, Rb, and the central signaling

molecule in the Wnt signaling pathway, b-catenin [41–43].

b-catenin is often dysregulated in colon cancer [44,45]. Levels

of b-catenin are tightly controlled by its destruction complex,

consisting of the proteins APC, Axin, GSK3, and CK1, which

mark it for ubiquitination. Mutations in the components of the

destruction complex can result in aberrant nuclear localization of

b-catenin, a well-established mechanism of carcinogenesis in

colorectal cancer [44,46] which leads to the activation of Wnt

pathway target genes in the absence of Wnt signaling and results in

unchecked cellular proliferation [2]. While the Wnt pathway is

activated by genetic mutations in over 90% of colon cancer cases

[47], nuclear b-catenin expression is only detected in approxi-

mately 50% of cases [48], suggesting that there are additional

factors that contribute to the nuclear localization of b-catenin in

colon cancer. It has been demonstrated that JCV T-Antigen has

the ability to bind b-catenin through an interaction with the C-

terminus of b-catenin [41], and that T-Antigen can stabilize b-

catenin in glioblastoma cells [49]. In addition, T-Antigen has a

classical nuclear localization signal (NLS) and is strongly expressed

mainly in the nuclei of neoplastic cells [10,42,50]. Therefore, we

sought to determine the effect of JCV T-Antigen on the nuclear

localization of b-catenin and the role of this complex in the

activation of b-catenin target genes as a mechanism in the

development and progression of colon cancer.

In the current study, we measure the prevalence of T-Antigen

genomic sequences and protein expression in human colon cancer

tissues using a collection of well-characterized biopsy samples.

Importantly, we demonstrate an association of T-Antigen and

nuclear b-catenin in human colon cancer samples and elaborate

on this association by elucidating the molecular effects of this

interaction in the dysregulation of the Wnt signaling cascade and

the activation of b-catenin targets using colon cancer cell lines.

Materials and Methods

Clinical Samples
A total of 113 de-identified paraffin-embedded samples of

colorectal carcinoma and pre-neoplastic polyps were collected

from the pathology archives of the following institutions:

LSUHSC-New Orleans (34 samples) and the Ochsner Clinic (79

samples). The tumors were were histologically graded and

immunohistochemically characterized according to the WHO

Classification of Tumors of the Gastrointestinal Tract.

DNA Extraction and Analysis
A dedicated microtome was used to section the paraffin blocks

in order to avoid contamination. Furthermore, the block and

blade holder were periodically autoclaved, and a new, disposable

blade was used for each specimen. DNA was extracted from

approximately 10 sections of 10 mm in thickness from each of the

tissue samples by using the QIAamp Tissue Kit, according to the

manufacturer’s instructions (Qiagen). PCR amplification of the T-

Antigen gene was performed using PEP1 and PEP2 primers

(nucleotides 4255–4272 and 4408–4427, respectively), which

amplify sequences in the N-terminal region of JCV T-Antigen

(PEP1 sequence: AGTCTTTAGGGTCTTCTACC; PEP2 se-

quence: AGGTGCCAACCTATGGAACA). For amplification of

the Control Region (CR), we used the NCRR1 and NCRR2

primers, corresponding to nucleotides 4993–5004 and 258–279,

respectively (NCRR1 sequence: GCAAAAAAGCGAAAAA-

CAAGGG; NCRR2 sequence: CAGAAGCCTTACGTGA-

CAGCTGG). Amplification was carried out on 250 ng of

template DNA with the FailSafe PCR system (Epicentre) in a

total volume of 25 ml. PCR was run at the following conditions:

denaturation at 95uC for 10 min, followed by 30 cycles of

denaturation at 95uC for 15 s, annealing at 62uC for 30 s, and

extension at 72uC for 30 s. As a termination step, the extension

time of the last cycle was increased to 7 min. Samples amplified in

the absence of template DNA served as a negative control,

whereas DNA extracted from T-Antigen positive BSB8 cells was

used as a positive control for each procedure. Southern blot was

performed by resolving 10 ml of each PCR reaction on a 2%

agarose gel. The gel was then treated for 15 min each with 0.2 M

HCl for depurination, 1.5 M NaCl/0.5 M NaOH for denatur-

ation, and 1.5 M NaCl/0.5 M Tris-HCl (pH 7.4) for neutraliza-

tion, followed by transfer of the amplified fragments from the gel

to nylon membranes (Hybond-N; Amersham). The membranes

were then pre-hybridized for 1 h in EasyHyb solution (Roche),

followed by hybridization in the same solution containing 2 mg

DIG-labeled oligonucleotide specific for JCV T-Antigen (nucleo-

tides 4304–4405) overnight. Primers used for synthesis of DIG

labeled probe are PEP INT 1 (TTGGGATCCTGTGTTTT-

CATC) and PEP INT 2 (AATGGGAATCCTGGTGGAAT). For

the CR probe we utilized primers from nucleotides 62–81. Probes

were synthesized using the DIG DNA Labeling and Detection Kit

(Roche). Membranes were hybridized overnight, washed, and

developed using the DIG Wash and Block Buffer Set following the

manufacturer’s instructions (Roche).

DNA sequencing of the control region was performed using ABI

Prism 3730x/DNA analyzer. For amplification of DNA from the

housekeeping gene, GAPDH, the following primers were used:

59 TTC TCC CCATTC CGT CTT CC 39 and 39 GTA CAT

GGT ATT CAC CAC CC 59.
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Histological and Immunohistochemical Analysis
Paraffin-embedded tissue previously fixed in 10% buffered

formalin was sectioned at 4-mm thickness and mounted onto

charged slides. Sections were placed in an oven at 65uC to melt the

paraffin and then deparaffinized in three changes of xylene for

30 min each. Sections were then rehydrated through a graded

series of alcohols up to water, and non-enzymatic antigen retrieval

was performed in 0.01 M sodium citrate (pH 6.0) at 97uC in a

vacuum oven for 35 min. After a cooling period of 25 min,

sections were rinsed with PBS, and endogenous peroxidase was

quenched by incubating the slides in methanol/3% H2O2 for

30 min at room temperature. Sections were blocked in 2% horse

serum and incubated overnight with primary antibodies at room

temperature in a humidified chamber. Antibodies used to detect

viral proteins included a mouse monoclonal antibody against

SV40 large T-Antigen that cross-reacts with JCV T-Antigen (clone

pAb416, 1:100 dilution; Calbiochem) and a mouse monoclonal

anti-b-catenin antibody (clone E-5, 1:100 dilution; Santa Cruz

Biotechnology). After rinsing the sections in PBS, the slides were

incubated for 1 hour at room temperature with biotinylated anti-

mouse secondary antibodies and then were rinsed in PBS. The

tissue was subsequently incubated with avidin-biotin-peroxidase

complexes for 1 hour at room temperature according to the

manufacturer’s instructions (Vector Laboratories), and finally, the

sections were developed with a 3,39-diaminobenzidine substrate

(Sigma), counterstained with Hematoxylin, and coverslipped with

Permount (Fisher). To assess the fraction of immunolabeled cells in

specimens from each patient case, the labeling index defined as the

percentage of positive cells of the total number of tumor cells

counted was determined.

Double-labeling Immunofluorescence
For immunofluorescence and double labeling of paraffin

embedded sections, deparaffinization, antigen retrieval, endogenous

peroxidase quenching and blocking were performed as described

above. For immunofluorescent double labeling of HCT116 cells in

culture, the cells were washed with PBS, fixed in cold acetone, and

blocked in PBS containing 5% horse serum and 0.1% BSA for 2 h.

Sections or cells were then incubated with mouse anti-T-Antigen

antibody (clone pAb416, 1:100 dilution, Oncogene Science) and

rabbit anti-b-catenin antibody (clone D13A1, 1:100 dilution Cell

Signaling) for 16 hours followed by washing in PBS and incubation

in anti-mouse Rhodamine antibody and anti-rabbit Fluorescein

antibody (1:200 dilution; Vector Laboratories). Finally, sections

were washed in PBS and mounted in aqueous mounting media with

DAPI (Vector Laboratories), and visualized in a confocal micro-

scope (Olympus FV1000).

Transient Transfection and Luciferase constructs
HCT116 cells were kindly provided by Dr. Hamid Boulares.

Cells were transfected using Xtreme Gene-HP (Roche). The

following constructs were used for luciferase assays: M72 Super

16x TOPflash reporter construct: Addgene plasmid 17165; M51

Super 8x FOPflash: Addgene plasmid 12457; c-Myc promoter:

Addgene plasmid 16595; Cyclin D1 promoter: Addgene plasmid

32727. These reporter constructs were transfected alone or

together with pcDNA-T-Antigen and/or pcDNA-b-catenin and

assayed for luciferase activity using a Luciferase Assay System

(Promega) at 24 hours post-transfection.

Protein Extraction, Co-Immunoprecipitation and Analysis
Cytoplasmic and nuclear protein extracts from HCT116 cells

were collected in using cytoplasmic lysis buffer and nuclear lysis

buffer as previously described [51]. Briefly, cells were trypsinized,

pelleted at 2000 g for 5 minutes, and re-suspended in 500 ul

cytoplasmic lysis buffer for 10 minutes on ice. Following lysis of the

cell membrane, nuclei were pelleted at 14,000 g for 10 minutes.

Nuclei were washed once in cytoplasmic lysis buffer, pelleted and

lysed in 250 ul nuclear lysis buffer for 20 minutes at 4uC with

shaking. 500 mg total protein extract was incubated with 10 mg

anti-T-Antigen or anti-b-catenin antibody overnight at 4uC with

shaking. Antigen-antibody complexes were then immunoprecipi-

tated with Protein A/G magnetic beads (Pierce), washed in

HNTG buffer (20 mM HEPES, 150 mM NaCl, 10% glycerol,

0.1% Triton X-100), denatured and analyzed by SDS-PAGE.

Ethics Statement
This study was performed in strict accordance to Louisiana

State University’s Institutional Review Board guidelines and

approval. All 113 paraffin-embedded human samples of colorectal

carcinomas and pre-neoplastic polyps, which were collected from

the pathology archives of LSUHSC New Orleans (34 samples) and

the Ochsner Clinic (79 samples). The Louisiana State University

Institutional Review Board (IRB) waived the need for written

consent, as the samples are archival, de-identified and follow

under the NIH guidelines for exemption as tissue that would be

discarded and cannot be traced back to patients (IRB Protocol

#8077).

Results

Expression of T-Antigen and b-catenin in colon cancer
samples

The early transcriptional product of JCV, T-Antigen, is a well-

known potent oncogenic protein, which has been detected in a

variety of tumors. In order to establish the presence of JCV T-

Antigen, we performed immunohistochemical experiments in a

total of 113 formalin-fixed, paraffin embedded cases of colon

cancer from 2 of New Orleans largest medical institutions. The

majority of these samples contained normal mucosa, pre-

neoplastic polyps and both in situ and invasive carcinoma. We

found expression of T-Antigen by immunohistochemistry in the

nuclei of tumor cells in 73 of the samples (64.6%). Interestingly, T-

Antigen was also present in the nuclei of epithelial cells from pre-

neoplastic polyps, but completely absent in the normal colonic

epithelium (Figure 1, left panels).

Previously, we have demonstrated that in medulloblastomas, T-

Antigen is capable of physically bind and translocate b-catenin, the

central molecule of the Wnt signaling pathway, into the nucleus

[45,52]. To determine whether b-catenin is present and associated

with T-Antigen in colon cancer, we performed immunohisto-

chemistry in the same 113 samples and analyzed the expression of

nuclear b-catenin in T-Antigen positive and negative groups. We

found that of the 71 total T-Antigen positive colon cancer samples,

48 showed nuclear expression of b-catenin (67.6%), while only 17/

42 (40.5%) of T-Antigen negative samples were positive for

nuclear b-catenin (p#0.005, Figure 1I). In all T-Antigen negative

cases, b-catenin remained in the cytoplasm. Interestingly, the same

observations were present in the polyps, where nuclear b-catenin

correlated with expression of T-Antigen. In the normal mucosa, b-

catenin remained localized to its usual location in the cytoplasm

and membrane. b-catenin nuclear positive cells were scored on a

scale of 0–4, with a score of 0 indicating that ,5% or fewer cells

and a score of 4 indicating ,75% or more cells with nuclear b-

catenin. T-Antigen positive samples had an average score of 1.463

(SD 1.164) for nuclear b-catenin, while T-Antigen negative

JCV T-Antigen Activation of c-Myc and b-Catenin in Colon Cancer
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samples had an average score of 0.8182 (SD 0.9580; p#0.05,

Figure 1J).

Finally, we performed double labeling immunofluorescence in a

positive case that contained the three areas (normal colon, polyp

and cancer) and found that in the normal colon, where T-Antigen

is negative, b-catenin is expressed in the cytoplasm; however, in

polyps and neoplastic cells, that express T-Antigen, b-catenin is

co-localizing with the JCV oncoprotein in the nuclear compart-

ment. Figure 1, Panel K shows an area that contains normal

epithelium at the top, with no expression of T-Antigen and

cytoplasmic b-catenin, while an underlying pocket of neoplastic

cells that robustly express T-Antigen show the nuclear co-

localization of b-catenin.

Detection of JC virus T-Antigen genomic sequences in
colorectal cancer samples

To confirm the presence of the T-Antigen gene, we performed

PCR amplification followed by Southern blot using a highly

specific and sensitive probe for JCV T-Antigen in a selected

number of 34 colon cancer cases that contained high-quality

DNA. A schematic representation of the JCV genome is shown,

containing the location of primers for Southern blot amplification

and probe synthesis (Figure 2A). The region of probe recognition

in the JCV genome (base pairs 4304–4405) is highly variable

between JCV, BKV, and SV40, with 20 nucleotide mismatches

between JCV and BK virus, and 33 nucleotide mismatches

between JCV and SV40 in that region. While the PEP1 and PEP2

primers amplify both JCV and BKV T-Antigen our probe

recognizing the region between the PEP1 and PEP2 primers is

highly specific for JCV and does not bind to BKV or SV40 [53].

We amplified genomic sequences from the T-Antigen coding

region in 28 samples of the 34 samples (82.4%), 21 of which

demonstrated T-Antigen protein expression by immunohisto-

chemistry. In only six cases we found the presence of viral DNA

but no protein expression, and none of the cases had T-Antigen

expression in the absence of viral genomic sequences. We tested

Figure 1. T-Antigen and b-catenin expression in colon cancer cases. Immunohistochemistry in areas of normal colonic epithelium is negative
for T-Antigen, while b-catenin is expressed in the cytoplasm and membrane (Panels and B). T-Antigen expression is found in the nuclei of epithelial
cells in polyps and neoplastic cells in areas of invasive tumor (Panels C and E, respectively). Consecutive sections of the same cases show that b-
catenin is now located to the cytoplasm and nuclei of epithelial and tumor cells (Panels D and F respectively). In T-Antigen negative cases however, b-
catenin remains in the cytoplasm (Panels G and H). Statistical analysis reveals that 67.6% of T-Antigen positive colon cancer cases express nuclear b-
catenin, while only 40.4% of T-Antigen negative cases express nuclear b-catenin (G; p = 0.006) (Panel I). The relative percentage of nuclei positive for
b-catenin in a section was scored on a scale of 0–4. T-Antigen positive cases showed significantly more nuclei positive for b-catenin than T-Antigen
negative samples (F; *p,0.05) (Panel J). Double labeling immunofluorescence demonstrates the co-localization of T-Antigen (Rhodamine) and b-
catenin (Fluorescein) in the nuclei of neoplastic cells in a pocket of neoplastic cells underneath an epithelial lining of T-Antigen negative cells, in
which b-catenin remains cytoplamic (Panel K). Original magnification of all immunohistochemistry panels is 600x, and immunofluorescence is 1000x.
doi:10.1371/journal.pone.0106257.g001
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the amplified sequences with specific probes for BKV and SV40,

resulting negative in all cases. High quality genomic DNA was

confirmed in each sample by PCR for GAPDH. (Figure 2B).

Finally, we also tested our probes with plasmids containing T-

Antigens from JCV, BKV an SV40, corroborating the specificity

of our probes, and suggesting that the immunohistochemistry

reveals the T-Antigen of JCV and not the one from the other

polyomaviruses (Figure 2C).

Next, we performed PCR experiments with primers and probes

specific for the regulatory region of JCV. We amplified viral

sequences in 14 of the 34 cases. Figure 2D shows a representative

Southern blot containing one of these cases, which was also

positive for the T-Antigen region. Sequencing of these amplicons

revealed that Mad-1 and Mad-4 were the two detected stains of

JCV. However all of these sequences contained individual point

mutations, different from each other, suggesting that these are

indeed unique and discarding the possibility of laboratory

contamination. A representative sequence is shown in blue,

underneath the know sequence of the Mad 4 strain of JCV in

black. Point mutations are highlighted in red (Figure 2D). In

addition, a detailed summary of the cases and the results of PCR

amplification and sequencing, as well as immunohistochemistry is

presented in Table 1.

T-Antigen and b-catenin co-localize to the nucleus in
colon cancer cells and co-immunoprecipitate in vitro

Previous studies suggest that T-Antigen and b-catenin interact

directly altering the normal cytoplasmic subcellular localization of

b-catenin. In order to corroborate these findings in vitro and to

determine whether T-Antigen and b-catenin are present in the

same cellular compartment in colon cancer cells, we performed

dual labeling immunofluorescence for these two proteins in the

HCT116 colon cancer cell line transiently transfected with T-

Antigen. We found that cells expressing the oncoprotein show a

strong nuclear expression of b-catenin (Figure 3D–E, arrows),

while in cells that did not get transfected and do not express T-

Figure 2. Amplification of JCV T-Antigen genome in colon cancer samples. A schematic representation of the Mad-1 strain of the JCV
genomic structure showing viral genes in red, early and late transcripts in grey, and the locations of primers used for T-Antigen amplification (PEP1
and PEP2) and Southern blot probe synthesis (PEP INT1 and PEP INT2) (Panel A). Genomic sequences of the viral early region, which encodes T-
Antigen, were detected in 28 of 34 selected samples. A representative Southern blot is presented, with case numbers above each lane. Negative
results were observed when the same cases were tested with probes for BKV and SV40. Negative controls show results from reactions containing no
DNA and positive control represents gene amplification using pBJC, a plasmid containing JCV DNA as a template or plasmids containing BKV and
SV40 T-Antigens. PCR for GAPDH and agarose electrophoresis was used to confirm the presence of intact genomic DNA in all cases. (Panel B).
Southern blots of plasmids containing the T-Antigen of JCV, BKV and SV40 were tested with specific probes for each polyomavirus, demonstrating
the specificity of the probes (Panel C). A representative Southern blot of PCR amplification of the control regulatory region is shown (Panel D, left).
Sequencing revealed the presence of Mad-1 and Mad-4 strains with point mutations in the different samples. A representative sequence is shown in
blue, underneath the known sequence of the Mad-4 CR region (black); point mutations are highlighted in red (Panel D, right).
doi:10.1371/journal.pone.0106257.g002
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Antigen, b-catenin remains in the cytoplasm (Figure 3D–E,

arrowheads).

To further define the subcellular location of the physical

interaction between T-Antigen and b-catenin, we performed a co-

immunoprecipiation on nuclear and cytoplasmic extracts of

HCT116 cells transfected with a T-Antigen expression vector or

empty vector as controls. Nuclear and cytoplasmic lysates were

incubated with an anti-T-Antigen antibody and the immunocom-

plexes were analyzed via Western blot with antibodies against T-

Antigen and b-catenin. T-Antigen immunoprecipitates from the

nucleus and cytoplasm show co-precipitation of b-catenin in both

compartments (Figure 4A). We confirmed this interaction in the

inverse experiment (b-catenin IP, T-Antigen Western blot-

Figure 4B). The specificity of nuclear and cytoplasmic fractions

was confirmed by probing input lanes for Grb-2 (cytoplasmic) and

lamin A/C (nuclear).

T-Antigen activates TCF-dependent transcription
Following confirmation that T-Antigen and b-catenin co-

localize and interact in the nucleus, we investigated the effects of

this interaction on the activation of b-catenin target genes. We

utilized the TOPflash reporter construct to measure changes in b-

catenin/TCF-mediated transcription. The TOPflash construct

contains 16 TCF binding elements (TBEs) driving expression of

the luciferase gene. HCT116 cells were transfected with TOPflash

and either T-Antigen, b-catenin, or both T-Antigen and b-

catenin. Luminescence was measured at 24 hours post-transfec-

tion. All groups were separately transfected with FOPflash to

measure baseline luminescence. T-Antigen or b-catenin alone

significantly activated TOPflash by 2-fold and 5-fold over empty

vector control, respectively. Strikingly, cells expressing T-Antigen

and exogenous b-catenin showed a 113-fold increase in TOPflash

activity over baseline (Figure 5A, p#0.001). These data demon-

strate the ability of T-Antigen and b-catenin to synergistically

activate the promoters of b-catenin target genes. Values are

normalized to FOPflash-transfected cells.

T-Antigen increases promoter activity of c-Myc and
Cyclin D1

To determine activation of specific b-catenin target genes that

control cellular transcription and cell cycle regulation by T-

Antigen by T-Antigen, we chose to study two known proto-

oncogene targets of b-catenin mediated transcription, c-Myc and

Cyclin D1. We co-transfected HCT116 cells with luciferase

constructs containing either the c-Myc promoter or the Cyclin D1

promoter along with either T-Antigen, b-catenin or both, and

performed promoter reporter activation assays. Our findings

demonstrate that T-Antigen and b-catenin individually increased

c-Myc (Figure 5B, p#0.01) and Cyclin D1 (Figure 5C, p#0.001)

promoter activity, however co-transfection with T-Antigen and b-

catenin causes a potentiated increase in c-Myc (6.1-fold) and

Cyclin D1 (11.7-fold) promoter activity over empty vector

controls.

Discussion

The human neurotropic virus JCV is the established opportu-

nistic agent of the fatal demyelinating disease Progressive

Multifocal Leukoencephalopathy, frequently seen in patients with

AIDS [5], and in recent years in patients undergoing immuno-

modulatory therapies for auto-immune diseases [6]. On the other

hand, the oncogenicity of JCV in animal models and its

transforming abilities in vitro are well recognized, despite the fact

that its role in the development of human tumors was debated for

Figure 3. T-Antigen and b-catenin co-localization in vitro. Double labeling immunocytochemistry for b-catenin (Panel B, Fluorescein), and T-
Antigen (Panel C, Rhodamine), performed in HTC116 colon cancer cells transiently transfected with T-Antigen show the co-localization of both
proteins in the nuclei of the majority of cells (Panel E, arrows), while in non-transfected cells in which there is no expression of T-Antigen, b-catenin
remains exclusively in the cytoplasm (Panel E, arrowheads).
doi:10.1371/journal.pone.0106257.g003
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some time. However, during the last decade, an increasing

number of studies provide clear evidence for the role of JCV in

brain and gastrointestinal tract tumorigenesis. More than 6

independent laboratories have detected JCV and studied the

mechanisms behind its oncogenic role in colon cancer [10,23–30].

Interestingly, patients with advanced colorectal neoplasia have

significantly higher JCV antibody titers than healthy controls,

suggesting an association between viral load or reactivation and

risk of transformation [54]. The JCV protein large T-Antigen is a

potent transforming oncoprotein, structurally and effectively

similar to SV40 T-Antigen, and is expressed in ,90% of cancers

of the esophagus [11] and ,35–65% of colon cancer cases

[10,55]. Furthermore, T-Antigen is associated with p53 expression

and chromosomal instability in colon cancer cases [55] and has

been shown to interact with other cell signaling proteins, most

notably b-catenin [10,49]. However, the effects of this interaction

are not fully understood. Herein we demonstrate a relationship

between JCV T-Antigen and b-catenin in human colon cancer

cases and we elucidate the effects of this interaction in vitro on the

activation of the b-catenin target genes c-Myc and Cyclin D1.

We show that T-Antigen and b-catenin co-localize in the

nucleus of colon cancer cells in vitro and interact to enhance the

activation of the b-catenin target genes c-Myc and Cyclin D1. This

discovery suggests that T-Antigen mediates b-catenin translocation

to the nucleus and transcription of downstream target genes.

There have been many different, but not mutually exclusive

hypotheses about the downstream effects of the interaction

between b-catenin and T-Antigen. Ricciardiello et al showed that

JCV infection causes chromosomal instability in vitro [56]. Gan

and Khalili first showed that T-Antigen binds and stabilizes b-

catenin through the N-terminal end of b-catenin in a medullo-

blastoma cell line and protects it from trypsin degradation in

medulloblastoma and glioblastoma cell lines [41,52], indicating

that T-Antigen can inhibit interaction of b-catenin with other

Figure 4. Interaction between T-Antigen and b-catenin in colon cancer cells. HCT116 cells transfected with T-Antigen or empty vector were
fractionated to isolate nuclear and cytoplasmic compartments and immunoprecipitated with an antibody against T-Antigen (A) or b-catenin (B). T-
Antigen pulls down b-catenin in the cytoplasm (top panel, lane 6) and in the nucleus (top panel, lane 8). The inverse experiment (IP b-catenin)
confirms the interaction between T-Antigen and b-catenin in the cytoplasm (bottom panel, lane 6) and nucleus (bottom panel, lane 8).
doi:10.1371/journal.pone.0106257.g004
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proteins. Later, the same group showed that T-Antigen stabiliza-

tion of b-catenin results in an interaction between b-catenin and

activated Rac1 at the cell membrane [49]. Activation of Rac1

results in a number of pro-oncogenic signals including activation of

the MAPK, JNK, NF-kB, and PI3K pathways. We have shown

here that T-Antigen and b-catenin physically interact in the nuclei

of colon cancer cells and that this stabilization leads to the

activation of TCF-dependent transcription as measured by

TOPflash activity and c-Myc and Cyclin D1 promoter activation.

In addition to those mechanisms demonstrated previously, our

work suggests a role for enhanced activation of Wnt pathway

target genes by T-Antigen in conjunction with b-catenin. c-Myc

and Cyclin D1 are both powerful proto-oncogenes with similar

downstream effects. c-Myc has a number of putative targets,

including genes involved in cell cycle control, apoptosis, DNA

metabolism and dynamics, energy metabolism and macromolec-

ular synthesis [57]. Cyclin D1 is responsible for cell cycle

progression in the transition from G0/G1 to S phase and is

overexpressed in parathyroid adenoma, centrocytic lymphoma,

breast cancer, squamous cell carcinoma, and esophageal carcino-

ma [58]. Thus, enhanced activation of these genes in colon cancer

through the expression of T-Antigen could result in unchecked cell

cycle progression, a high proliferation rate, and ultimately a more

malignant phenotype. Other noteworthy targets of Wnt signaling

include MMP-7 [59], which enhances migration and invasion

[60], the normally dormant anti-apoptotic protein Survivin [61],

which is reactivated in colon cancer [62], and vascular endothelial

growth factor (VEGF), which is important in promoting tumor

growth through angiogenesis [63]. Thus, enhanced activation of

Wnt pathway target genes by T-Antigen could result in a number

of oncogenic effects such as evasion of apoptosis and enhanced

metastatic potential. In support of the theory that T-Antigen

expression could increase metastatic potential, Link et al showed

that JCV-positive colon cancer cases are more likely to metastasize

to the liver; this effect was shown to be T-Antigen-dependent

in vitro [27]. Aberrant activation of Wnt target genes has the

potential to drive the progression of cancer as most, if not all b-

catenin target genes enhance the growth, development, invasion,

and/or metastasis of cancer.

Increased b-catenin target gene activation by T-Antigen in the

absence of Wnt activation may proceed by a number of different

mechanisms. T-Antigen can block or sterically hinder the

phosphorylation of b-catenin [41,49], thus allowing the accumu-

lation of free b-catenin in the cytoplasm and its translocation to the

nucleus. A second possibility hinges on the nuclear localization of

T-Antigen; since T-Antigen is often found at high levels in the

nucleus of tumor and transformed cells due to its classical nuclear

localization signal (NLS), T-Antigen may bind b-catenin in the

cytoplasm and facilitate the movement of b-catenin to the nucleus.

A third, and possibly concomitant option is that T-Antigen and b-

catenin localize to the nucleus separately, and once there, interact

to prevent the export of b-catenin. This would retain active b-

catenin in the nucleus and allow the constant activation of target

genes. These mechanisms are not mutually exclusive and may be

acting together to promote a neoplastic phenotype. Thus, more

work is required to determine the specific effect of T-Antigen on b-

catenin stability and the subsequent activation of transcription.

JCV and its oncoprotein T-Antigen have long been a focus of

investigation to elucidate its transformative properties and to

determine its role in the development of cancer. Many groups

Figure 5. T-Antigen interacts with b-catenin to activate b-catenin target gene promoters. HCT116 cells were co-transfected with the Wnt
pathway reporter plasmid TOPflash construct and T-Antigen, b-catenin, or both. Cells transfected with T-Antigen or b-catenin alone increased
TOPflash activity approximately 2- to 5-fold over baseline. Co-transfection with both T-Antigen and b-catenin resulted in 113-fold increase in TOPflash
activity. Values are normalized to FOPflash (baseline) groups (Panel A). To measure activation of specific b-catenin targets, similar experiments were
conducted using luciferase constructs containing the c-Myc (Panel B) or Cyclin D1 (Panel C) promoters. Expression of T-Antigen significantly increases
c-Myc and Cyclin D1 promoter activity in HCT116 cells. This effect was potentiated by co-transfection with a b-catenin expression vector, resulting in a
four- to ten-fold increase in promoter activity. **p#0.01; ***p#0.001.
doi:10.1371/journal.pone.0106257.g005
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have demonstrated the presence of T-Antigen in tumors of the GI

tract and CNS, with a few explanatory mechanisms of transfor-

mation. Here we provide evidence for an association between T-

Antigen and b-catenin in colon cancer and an enhanced

transcriptional activation of Wnt pathway target genes by b-

catenin in the presence of T-Antigen. These data suggest that the

mechanism underlying the proliferation of cells expressing JCV T-

Antigen involves the activation of Wnt pathway target genes and

therefore may provide important therapeutic or prognostic value.

Acknowledgments

We would like to thank all members of the Stanley S. Scott Cancer Center,

in particular Dr. Hamid Boulares and Dr. Kris Reiss for their insightful

comments and suggestions.

Author Contributions

Conceived and designed the experiments: LDV MJR. Performed the

experiments: MJR APS JTT. Analyzed the data: MJR APS JTT LL RM

LDV. Contributed reagents/materials/analysis tools: LL DAM RM LDV.

Contributed to the writing of the manuscript: MJR APS JTT RM LDV.

References

1. Simard EP, Ward EM, Siegel R, Jemal A (2012) Cancers with increasing
incidence trends in the United States: 1999 through 2008. CA Cancer J Clin.

2. Bienz M, Clevers H (2000) Linking colorectal cancer to wnt signaling. Cell 103:

311–320.

3. zur Hausen H (2001) Oncogenic DNA viruses. Oncogene 20: 7820–7823.

4. de Martel C, Ferlay J, Franceschi S, Vignat J, Bray F, et al. (2012) Global burden
of cancers attributable to infections in 2008: A review and synthetic analysis.

Lancet Oncol 13: 607–615.

5. Del Valle L, Pina-Oviedo S (2006) HIV disorders of the brain: Pathology and
pathogenesis. Front Biosci 11: 718–732.

6. Major EO (2010) Progressive multifocal leukoencephalopathy in patients on
immunomodulatory therapies. Annu Rev Med 61: 35–47.

7. Del Valle L, Gordon J, Enam S, Delbue S, Croul S, et al. (2002) Expression of

human neurotropic polyomavirus JCV late gene product agnoprotein in human
medulloblastoma. J Natl Cancer Inst 94: 267–273.

8. Del Valle L, Gordon J, Assimakopoulou M, Enam S, Geddes JF, et al. (2001)
Detection of JC virus DNA sequences and expression of the viral regulatory

protein T-antigen in tumors of the central nervous system. Cancer Res 61:

4287–4293.

9. Zheng H, Abdel Aziz HO, Nakanishi Y, Masuda S, Saito H, et al. (2007)

Oncogenic role of JC virus in lung cancer. J Pathol 212: 306–315.

10. Enam S, Del Valle L, Lara C, Gan DD, Ortiz-Hidalgo C, et al. (2002)

Association of human polyomavirus JCV with colon cancer: Evidence for

interaction of viral T-antigen and beta-catenin. Cancer Res 62: 7093–7101.

11. Del Valle L, White MK, Enam S, Pina Oviedo S, Bromer MQ, et al. (2005)

Detection of JC virus DNA sequences and expression of viral T antigen and
agnoprotein in esophageal carcinoma. Cancer 103: 516–527.

12. Murai Y, Zheng HC, Abdel Aziz HO, Mei H, Kutsuna T, et al. (2007) High JC

virus load in gastric cancer and adjacent non-cancerous mucosa. Cancer Sci 98:
25–31.

13. Taguchi F, Kajioka J, Miyamura T (1982) Prevalence rate and age of acquisition
of antibodies against JC virus and BK virus in human sera. Microbiol Immunol

26: 1057–1064.

14. Kean JM, Rao S, Wang M, Garcea RL (2009) Seroepidemiology of human
polyomaviruses. PLoS Pathog 5: e1000363.

15. Egli A, Infanti L, Dumoulin A, Buser A, Samaridis J, et al. (2009) Prevalence of
polyomavirus BK and JC infection and replication in 400 healthy blood donors.

J Infect Dis 199: 837–846.

16. Yogo Y, Kitamura T, Sugimoto C, Ueki T, Aso Y, et al. (1990) Isolation of a
possible archetypal JC virus DNA sequence from nonimmunocompromised

individuals. J Virol 64: 3139–3143.

17. Bofill-Mas S, Pina S, Girones R (2000) Documenting the epidemiologic patterns
of polyomaviruses in human populations by studying their presence in urban

sewage. Appl Environ Microbiol 66: 238–245.

18. Fumian TM, Guimaraes FR, Pereira Vaz BJ, da Silva MT, Muylaert FF, et al.

(2010) Molecular detection, quantification and characterization of human
polyomavirus JC from waste water in rio de janeiro, brazil. J Water Health 8:

438–445.

19. Ricciardiello L, Laghi L, Ramamirtham P, Chang CL, Chang DK, et al. (2000)
JC virus DNA sequences are frequently present in the human upper and lower

gastrointestinal tract. Gastroenterology 119: 1228–1235.

20. Bofill-Mas S, Formiga-Cruz M, Clemente-Casares P, Calafell F, Girones R
(2001) Potential transmission of human polyomaviruses through the gastroin-

testinal tract after exposure to virions or viral DNA. J Virol 75: 10290–10299.

21. Ksiaa F, Ziadi S, Mokni M, Korbi S, Trimeche M (2010) The presence of JC

virus in gastric carcinomas correlates with patient’s age, intestinal histological
type and aberrant methylation of tumor suppressor genes. Mod Pathol 23: 522–

530.

22. Shin SK, Li MS, Fuerst F, Hotchkiss E, Meyer R, et al. (2006) Oncogenic T-
antigen of JC virus is present frequently in human gastric cancers. Cancer 107:

481–488.

23. Jung WT, Li MS, Goel A, Boland CR (2008) JC virus T-antigen expression in
sporadic adenomatous polyps of the colon. Cancer 112: 1028–1036.

24. Ricciardiello L, Chang DK, Laghi L, Goel A, Chang CL, et al. (2001) Mad-1 is
the exclusive JC virus strain present in the human colon, and its transcriptional

control region has a deleted 98-base-pair sequence in colon cancer tissues.
J Virol 75: 1996–2001.

25. Laghi L, Randolph AE, Chauhan DP, Marra G, Major EO, et al. (1999) JC

virus DNA is present in the mucosa of the human colon and in colorectal

cancers. Proc Natl Acad Sci USA 96: 7484–7489.

26. Lin PY, Fung CY, Chang FP, Huang WS, Chen WC, et al. (2008) Prevalence

and genotype identification of human JC virus in colon cancer in taiwan. J Med

Virol 80: 1828–1834.

27. Link A, Shin SK, Nagasaka T, Balaguer F, Koi M, et al. (2009) JC virus

mediates invasion and migration in colorectal metastasis. PLoS One 4: e8146.

28. Vilkin A, Ronen Z, Levi Z, Morgenstern S, Halpern M, et al. (2012) Presence of

JC virus DNA in the tumor tissue and normal mucosa of patients with sporadic

colorectal cancer (CRC) or with positive family history and bethesda criteria.

Dig Dis Sci 57: 79–84.

29. Hori R, Murai Y, Tsuneyama K, Abdel-Aziz HO, Nomoto K, et al. (2005)

Detection of JC virus DNA sequences in colorectal cancers in japan. Virchows

Arch 447: 723–730.

30. Wang JP, Wang ZZ, Zheng YS, Xia P, Yang XH, et al. (2012) JC virus existence

in chinese gastrointestinal carcinomas. Oncol Lett 3: 1073–1078.

31. Frisque RJ, Bream GL, Cannella MT (1984) Human polyomavirus JC virus

genome. J Virol 51: 458–469.

32. Theodoropoulos G, Panoussopoulos D, Papaconstantinou I, Gazouli M, Perdiki

M, et al. (2005) Assessment of JC polyoma virus in colon neoplasms. Dis Colon

Rectum 48: 86–91.

33. Coelho TR, Gaspar R, Figueiredo P, Mendonca C, Lazo PA, et al. (2013)

Human JC polyomavirus in normal colorectal mucosa, hyperplastic polyps,

sporadic adenomas, and adenocarcinomas in portugal. J Med Virol 85: 2119–

2127.

34. Frisque RJ, Hofstetter C, Tyagarajan SK (2006) Transforming activities of JC

virus early proteins. Adv Exp Med Biol 577: 288–309.

35. Walker DL, Padgett BL, ZuRhein GM, Albert AE, Marsh RF (1973) Human

papovavirus (JC): Induction of brain tumors in hamsters. Science 181: 674–676.

36. London WT, Houff SA, Madden DL, Fuccillo DA, Gravell M, et al. (1978)

Brain tumors in owl monkeys inoculated with a human polyomavirus (JC virus).

Science 201: 1246–1249.

37. Ohsumi S, Ikehara I, Motoi M, Ogawa K, Nagashima K, et al. (1985) Induction

of undifferentiated brain tumors in rats by a human polyomavirus (JC virus).

Jpn J Cancer Res 76: 429–431.

38. Krynska B, Otte J, Franks R, Khalili K, Croul S (1999) Human ubiquitous

JCV(CY) T-antigen gene induces brain tumors in experimental animals.

Oncogene 18: 39–46.

39. Del Valle L, White MK, Khalili K (2008) Potential mechanisms of the human

polyomavirus JC in neural oncogenesis. J Neuropathol Exp Neurol 67: 729–740.

40. Shollar D, Del Valle L, Khalili K, Otte J, Gordon J (2004) JCV T-Antigen

interacts with the neurofibromatosis type 2 gene product in a transgenic mouse

model of malignant peripheral nerve sheath tumors. Oncogene 23: 5459–5467.

41. Gan DD, Khalili K (2004) Interaction between JCV large T-Antigen and beta-

catenin. Oncogene 23: 483–490.

42. Lassak A, Del Valle L, Peruzzi F, Wang JY, Enam S, et al. (2002) Insulin

receptor substrate 1 translocation to the nucleus by the human JC virus T-

antigen. J Biol Chem 277: 17231–17238.

43. Brodsky JL, Pipas JM (1998) Polyomavirus T antigens: Molecular chaperones for

multiprotein complexes. J Virol 72: 5329–5334.

44. Kobayashi M, Honma T, Matsuda Y, Suzuki Y, Narisawa R, et al. (2000)

Nuclear translocation of beta-catenin in colorectal cancer. Br J Cancer 82:

1689–1693.

45. Suraweera N, Robinson J, Volikos E, Guenther T, Talbot I, et al. (2006)

Mutations within wnt pathway genes in sporadic colorectal cancers and cell

lines. Int J Cancer 119: 1837–1842.

46. Saif MW, Chu E (2010) Biology of colorectal cancer. Cancer J 16: 196–201.

47. Cancer Genome Atlas Network (2012) Comprehensive molecular characteriza-

tion of human colon and rectal cancer. Nature 487: 330–337.

48. Morikawa T, Baba Y, Yamauchi M, Kuchiba A, Nosho K, et al. (2011) STAT3

expression, molecular features, inflammation patterns, and prognosis in a

database of 724 colorectal cancers. Clin Cancer Res 17: 1452–1462.

49. Bhattacharyya R, Noch EK, Khalili K (2007) A novel role of Rac1 GTPase in

JCV T-antigen-mediated beta-catenin stabilization. Oncogene 26: 7628–7636.

JCV T-Antigen Activation of c-Myc and b-Catenin in Colon Cancer

PLOS ONE | www.plosone.org 10 September 2014 | Volume 9 | Issue 9 | e106257



50. Tyagarajan SK, Frisque RJ (2006) Stability and function of JC virus large T

antigen and T9 proteins are altered by mutation of their phosphorylated

threonine 125 residues. J Virol 80: 2083–2091.

51. Colangelo AM, Johnson PF, Mocchetti I (1998) Beta-adrenergic receptor-

induced activation of nerve growth factor gene transcription in rat cerebral

cortex involves CCAAT/enhancer-binding protein delta. Proc Natl Acad Sci

USA 95: 10920–10925.

52. Gan DD, Reiss K, Carrill T, Del Valle L, Croul S, et al. (2001) Involvement of

Wnt signaling pathway in murine medulloblastoma induced by human

neurotropic JC virus. Oncogene 20: 4864–4870.

53. Arthur RR, Dagostin S, Shah KV (1989) Detection of BK virus and JC virus in

urine and brain tissue by the polymerase chain reaction. J Clin Microbiol 27:

1174–1179.

54. Niv Y, Vilkin A, Levi Z (2010) Patients with sporadic colorectal cancer or

advanced adenomatous polyp have elevated anti-JC virus antibody titer in

comparison with healthy controls: A cross-sectional study. J Clin Gastroenterol

44: 489–494.

55. Nosho K, Shima K, Kure S, Irahara N, Baba Y, et al. (2009) JC virus T-antigen

in colorectal cancer is associated with p53 expression and chromosomal

instability, independent of CpG island methylator phenotype. Neoplasia 11: 87–

95.

56. Ricciardiello L, Baglioni M, Giovannini C, Pariali M, Cenacchi G, et al. (2003)

Induction of chromosomal instability in colonic cells by the human polyomavirus
JC virus. Cancer Res 63: 7256–7262.

57. Dang CV (1999) C-myc target genes involved in cell growth, apoptosis, and

metabolism. Mol Cell Biol 19: 1–11.
58. Baldin V, Lukas J, Marcote MJ, Pagano M, Draetta G (1993) Cyclin D1 is a

nuclear protein required for cell cycle progression in G1. Genes Dev 7: 812–821.
59. Brabletz T, Jung A, Dag S, Hlubek F, Kirchner T (1999) Beta-catenin regulates

the expression of the matrix metalloproteinase-7 in human colorectal cancer.

Am J Pathol 155: 1033–1038.
60. Chen L, Li M, Li Q, Wang CJ, Xie SQ (2013) DKK1 promotes hepatocellular

carcinoma cell migration and invasion through beta-catenin/MMP7 signaling
pathway. Mol Cancer 12: 157–4598–12–157.

61. Zhang T, Otevrel T, Gao Z, Gao Z, Ehrlich SM, et al. (2001) Evidence that
APC regulates survivin expression: A possible mechanism contributing to the

stem cell origin of colon cancer. Cancer Res 61: 8664–8667.

62. Hernandez JM, Farma JM, Coppola D, Hakam A, Fulp WJ, et al. (2011)
Expression of the antiapoptotic protein survivin in colon cancer. Clin Colorectal

Cancer 10: 188–193.
63. Zhang X, Gaspard JP, Chung DC (2001) Regulation of vascular endothelial

growth factor by the Wnt and K-ras pathways in colonic neoplasia. Cancer Res

61: 6050–6054.

JCV T-Antigen Activation of c-Myc and b-Catenin in Colon Cancer

PLOS ONE | www.plosone.org 11 September 2014 | Volume 9 | Issue 9 | e106257


