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A patient with pulmonary metastasis of colon cancer was treated
with artificially synthesized helper/killer-hybrid epitope long pep-
tide (H/K-HELP) of MAGE-A4 cancer antigen. The patient was vacci-
nated with MAGE-A4-H/K-HELP combined with OK432 and
Montanide ISA-51. There were no severe side-effects except for a
skin reaction at the injection site. MAGE-A4-H/K-HELP induced
MAGE-A4-specific Th1 and Tc1 immune responses and the produc-
tion of MAGE-A4-specific complement-fixing IgG antibodies.
Tumor growth and carcinoembryonic antigen tumor marker were
significantly decreased in the final diagnosis. This is the first report
that artificially synthesized MAGE-A4-H/K-HELP induces Th1-
dependent cellular and humoral immune responses in a human
cancer patient. (Cancer Sci 2012; 103: 150-153)

Case report

F irst clinical findings in one patient treated with an artifi-
cially synthesized MAGE-A4-helper/killer-hybrid epitope
long peptide (H/K-HELP) cancer vaccine.

A 62-year-old Japanese man had a history of pulmonary
metastasis and resected colon cancer without active infections
(human immunodeficiency virus [HIV], hepatitis B virus [HBV]
and hepatitis C virus [HCV]), severe heart diseases (New York
Heart Association class 3 or 4) and autoimmune diseases
(scleroderma, Sjogren’s syndrome, idiopathic thrombocytopenic
purpura, multiple sclerosis and rheumatoid arthritis). The patient
was enrolled in this trial and confirmed MAGE-A4 antigen
expression and human leukocyte antigen (HLA)-phenotypes
(HLA-A*310102, A*330301, and DRB1*150101).

The pulmonary metastatic colon cancer of the patient was
shown to express MAGE-A4 cancer antigen by both immuno-
histological analysis and real-time PCR (Fig. la—e). MAGE-
A4-H/K-HELP was artificially synthesized by conjugating
MAGE-A4,73 599 helper epitope with MAGE-A443_;54 killer
epitope by a glycine linker (Fig. 1f). In a phase I study, the
enrolled patients were treated with subcutaneous injection of
MAGE-A4-H/K-HELP (1 or 10 mg) combined with OK432
and Montanide ISA-51 four times at 2-week intervals
(Fig. 1g). In the present case, the patient was first treated with
1 mg MAGE-A4-H/K-HELP four times at 2-week intervals
and thereafter treated with 10 mg dose-escalated MAGE-
A4-H/K-HELP six times. Physical and hematological examin-
ations were monitored before and after vaccination with
MAGE-A4 H/K-HELP. As a result, it was confirmed that
there were no severe side-effects, although a skin reaction

Cancer Sci | January 2012 | vol. 103 | no.1 | 150-153

occurred at the injection site (Grade 2 reaction, Common
Terminology Criteria for Adverse Events [CTCAE] v4.0 crite-
ria). The isolated CD4" T cells from the patient’s PBMC did
not produce significant levels of interferon (IFN)-y by stimula-
tion with H/K-HELP in the presence of antigen presenting
cells (APC) before vaccination. However, the levels of IFN-vy-
production by CD4* T cells greatly increased in the patient
after vaccination with 1 mg MAGE-A4-H/K-HELP (Fig. 2a),
and the levels of Thl response increased approximately 10
times after vaccination with 10 mg MAGE-A4-H/K-HELP
(data not shown). The numbers of CD8* Tcl cells detected by
IFN-y-enzyme-linked immunosorbent spot (ELISPOT) assay
also increased in the patient’s PBMC after 1 mg MAGE-A4-
H/K-HELP vaccination (Fig. 2b), and the increased Tcl
response was also observed after 10 mg vaccination (data not
shown). We determined that the epitope recognized by CD4*
T cells was exactly our identified helper epitope (MAGE-
Adsrg 599) in H/K-HELP, while the CD8* T cells recognized
an unknown new Kkiller epitope in a part of the helper epitope
sequence of H/K-HELP (data not shown). Thus, MAGE-A4-
H/K-HELP induced both Thl and Tcl responses in the patient
irrespective of the patient expressing HLA DR1501 bound to
MAGE-A4,73 599 helper epitope but not HLA A24 bound to
MAGE-A443_154 Kkiller epitope in MAGE-A4-H/K-HELP.
Moreover, our vaccine protocol with MAGE-A4-H/K-HELP
mainly induced MAGE-A4-peptide-specific 1gG3 antibody
(Ab) and slightly induced IgGl Ab, both of which are Thl-
dependent complement-fixing Ab (Fig. 2c,d). The levels of
MAGE-A4-specific IgM also slightly but significantly
increased at an early stage of the 1 mg vaccination, but the
levels did not change after the 10 mg vaccination. In contrast
to IgM, the levels of MAGE-A4-peptide-specific 1gG3 and
IgGl Ab greatly increased after the 10 mg vaccination
(Fig. 2d). However, no increase in IgG2 and IgG4 was
observed after vaccination with H/K-HELP. We demonstrated
that MAGE-A4-specific IgG Ab recognized MAGE-A4143_154
killer epitope in H/K-HELP (data not shown). Thus, it was
demonstrated that the MAGE-A4,75 299 helper epitope exactly
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stimulated CD4" T cells and a part of the helper epitope pep-
tide also activated CD8* T cells, while the MAGE-A443_1s4
killer epitope triggered the production of MAGE-A4-specific
IgG Ab, indicating the long peptide vaccine, H/K-HELP,
appeared to be beneficial for inducing both cellular and
humoral immune responses in the cancer patient. In parallel
with superior immune responses, tumor growth and serum lev-
els of the carcinoembryonic antigen tumor marker were
slightly decreased during cancer vaccine therapy with MAGE-
A4-H/K-HELP (Fig. 3), and this patient’s clinical response
was finally judged as stable disease (Response Evaluation Cri-
teria in Solid Tumors [RECIST] v1.1 guidelines'”). This is the
first report that cancer vaccine therapy with artificially synthe-
sized MAGE-A4-H/K-HELP induced Thl-dependent cellular
and humoral immune responses in a cancer patient. So far, no

Takahashi et al.

severe side-effects were observed in six patients treated with
MAGE-A4-H/K-HELP (three patients with 1 mg and three
patients with 10 mg, CTCAEv4.0), and significant T-cell
responses were demonstrated in 50% of patients (data not
shown).

Discussion

Cancer vaccine therapy using HLA class I-binding 8-9 amino
acids short cancer peptide has been performed to induce cancer-
specific cytotoxic T lymphocytes (CTL) in cancer patients.*>
Although cancer vaccine therapy with short peptide induced
increased tetramer™ cancer-specific CTL and long stable disease,
the vaccine therapy focused only on CTL activation appears to
be suboptimal in conquering cancer.“"® This might be because
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of the existence of strong immunosuppressive tumor escape
mechanisms and the lack of helper T-cell activation.”®
Therefore, it is essential to develop an efficient method to
overcome immunosuppression to combat cancer. We initially
demonstrated the critical role of Thl and Th2 immunity in the
tumor-bearing host and have proposed that the introduction of
Thl-dominant immunity is essential for inducing fully activated
CTL and immunological memory.(g_“) Recently, it has been
demonstrated that a mixture of various synthetic long peptides
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(SLP) derived from the naturally occurring sequence of human
papilloma virus (HPV)-16 oncoproteins was superior to short
tumor peptides in terms of inducing a complete or partial
response in vulvar intraepitheral neoplasia.(lz) Zwaveling
et al."™® also reported that HPV-16-derived 35 amino acid-long
peptide eradicated the established HPV-16-expressing mouse
tumor. Thus, long peptide vaccine containing both helper and
killer epitopes appeared to be a rational strategy to activate Thl-
dependent antitumor immunity.® In contrast to viral-related

doi: 10.1111/].1349-7006.2011.02106.x
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cancer antigenic long peptide, p53 long peptide vaccine induced
no complete or partial response in a clinical trial of human can-
cers, although it induced significant T cell responses.14!>
Moreover, the first clinical trial using a synthetic 15 amino acid
peptide vaccine containing a naturally occurring combination of
helper and killer epitopes of gp100;75_189 exhlblted no signifi-
cant impact for therapeutic efficacy of melanoma.® Therefore,
what kinds of long peptide induce a beneficial therapeutic effect
against human cancer still remains unclear.

Here, we prepared an artificially synthesized long peptide,
which conjugate MAGE-A4 class I-binding epitope and our
defined helper epitope,”’ and applied it to a patient with pulmo-
nary metastatic colon cancer. In contrast to short gp100;75_;59
peptide including helper and killer epitopes,*® we successfully
induced cancer-specn‘ic Th1/Tcl cells and complement-fixing
Ab (IgG1 and IgG3)"'® by 40 amino acid H/K-HELP. This dis-
crepancy might be because artificially synthesized 40 amino
acid-long peptide but not short peptide has a beneficial structure
for inducing favorable dendritic cells (DC) presentation and sub-
sequent actlvatlon of Thl and Tcl cells.

Bijker et al." reported that SLP of class I-binding long can-
cer peptide was efficiently processed by professional APC and
subsequently exhibited a sustained stimulatin ng 2 activity of DC to
induce Th-dependent, tumor-specific CTL."”’ We have also
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confirmed that ovalbumin (OVA)-H/K-HELP was superior to
short peptide in curing mice with OVA-expressing tumor (data
not shown). In another clinical trial, we demonstrated that survi-
vin-H/K-HELP induced a complete response in a breast cancer
patient (data not shown). Thus, we believe that artificially syn-
thesized H/K-HELP of cancer antigen will become a promising
tool to induce Th1-dependent cellular and humoral immunity in
cancer patients, as well as SLP derived from natural tumor-asso-
ciated HPV-16 antigen peptide.?
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Gastrointestinal neoplasia seems to be a coramon consequence of
chronic inflammation in the gastrointestinal epithelium. Nuclear
factor-kappaB (NF-xB) is an important franscription factor for
carcinogenesis in chronic inflammatory diseases and plays a key
role in promoting inflammation-asseciated carcinoma in the gas-
trointestinal tract. Activation of NF-kB is regulated by several
posttranslational modifications inclnding phosphorylation, ubig-
uitination and neddylation. In this study, we showed that tripar-
tite motif (TRIM) 40 is highly expressed in the gastrointestinal
tract and that TRIM4§ physically binds to Nedd8, which is con-
jugated to target proteins by neddylation. We also found that
TRIMA40 promotes the neddylation of inhibitor of nuclear factor
kappaB kinase subunit gamma, which is a crucial regulator for
NF-kB activation, and consequently causes inhibition of NF-xB
activity, whereas a dominant-negative mutant of TRIM40 lacking
the RING domain does not inhibit NF-kB activity. Knockdown of
TRIM40 in the small intestinal epithelial cell line IEC-6 caused
NF-kB activation followed by increased cell growth. In addition,
we found that TRIMA40 is highly expressed in normal gastrointes-
tinal epithelia but that TRIMA40 is downregulated in gastreintes-
tinal carcinomas and chronic inflammatory lesions of the
gastrointestinal fract. These findings suggest that TRIMA40 inhib-
its NF-xB activity via neddylation of inhibitor of nuclear factor
kappaB kinase subunit gamma and that TRIM40 prevents inflam-
mation-associated carcinogenesis in the gastrointestinal tract.

Introduction

Tripartite motif (TRIM) proteins are characterized by the presence of
a RING finger, one or two zinc-binding motifs named B-boxes and an
associated coiled-coil region (1). Most TRIM proteins have been
reparted to have a role in the ubiquitination process. TRIM25/estrogen-
responsive finger protein ubiquitinates 14-3-3¢ (2) and retinoic acid-
inducible gene I (3). Furthermore, several TRIM family members are
involved in various cellular processes, such as transcriptional regula-
tion, cell growth, apoptosis, development and oncogenesis (4-8).
Neural precursor cell-expressed developmentary downregulated
gene 8 (Nedd8) is a small ubiquitin-like protein with 53% identity
to ubiquitin that is conserved from yeast to mammals (9~11).
Nedd8 is covalently linked to the e-amino group of lysine residues
on target proteins through its C-terminal group as well as a ubig-
uitination reaction. Nedd8 is first activated by a heterodimeric E1
enzyme, APPBP1-Uba3 and is then transferred to an E2 enzyme,
Ubcl2. Members of the cullin family are well-characterized sub-
strates for Nedd8 conjugation (10,12,13). Tumor suppressor pro-
tein p53 and its relative p73 are also neddylated via a RING domain
containing protein Mdm?2 or F-box domain protein FBXQ11, and

Abbreviations: c¢cDNA, complementary DNA; IL, interleukin; mRNA,
messenger RNA; Nedd8, neural precursor cell-expressed developmentary
downregulated gene 8; NF-xB, nuclear factor-kappaB; PBS, phosphate-
buffered saline; PCR, polymerase chain reaction; TRIM, tripartite motif.

neddylation of p53 caunses inhibition of p53-mediated transcription
(14-16). Similarly, c-Cbl mediates epidermal growth factor recep-
tor modification with Nedd8, which enhances subsequent ubiquiti-
nation, followed by degradation (17). A well-characterized
component of a Cul2-based ubiquitin E3, von Hippel-Lindau pro-
tein, is also neddylated, and Nedd8 modification of von Hippel-
Lindau protein regulates VHL-associated tumorigenesis (18). Sev-
eral ribosomal proteins and breast cancer-associated protein3
(BCA3) are modified and regulated by Nedd8 (19,20). Taken to-
gether, although neddylation does not directly mediate proteasomal
degradation of target proteins like ubiquitination, Nedd8 modifica-
tion probably regulates several cellular functions including tran-
scription, translation and signal transductions via structural change
or stabilization of target proteins.

The nuclear factor-kappaB (NF-xB)-signaling pathway plays a key
role in many aspects of cancer initiation and progression through
transcriptional control of genes invelved in growth, angiogenesis,
anti-apoptosis, invasiveness and metastasis (21). Regulation of NF-
kB signaling occurs at many levels, one of which is through the
regulation of protein turnover by the action of SCF complex ubiguitin
ligase. Under a resting condition, NF-xB is maintained in an inactive
state by binding to IkB proteins. In canonical NF-xB signaling, IxBa
binds to p50-p65 and sequesters transcription factors in the cyto-
plasm, rendering them inactive. On stimulation of the IKK complex,
IxBo is phosphorylated at Serine 32 and Serine 36, resulting in its
polyubiquitination by a ubiquitin ligase complex, SCFF¥! (Skpl-
Cull-F-box complex containing Fbwl), and degradation, thus
resulting in nuclear accumulation of the complex and transcription
of NF-xB target genes (22-25).

Chronic inflammation in the gastrointestinal tract has been closely
associated with carcinogenesis (26). The most extensively studied
examples are relationships between chronic gastritis resulting from
Helicobacter pylori infection and gastric cancer, chronic hepatitis and
liver cancer and chronic inflammatory bowel disease and colorectal
cancer. Emerging evidence in the past decade has snggested that the
NF-kB play a critical role in linking inflammation and cancer. NF-xB
regulates major inflammatory factors including tumor necrosis factor
(INF) ¢, interleukin (IL}-6, IL~1, IL-8, many of which are also potent
activators for NF-xB. It is thus probably that NF-xB and inflammation
constitute a positive feedback loop in the milien of inflammatory
sites to induce cellular and DNA damage, promote cell proliferation
and transformation, and eventually cause initiation, promotion and
progression of cancer (27-30).

In this study, we showed that the TRIM family protein TRIM40
is highly expressed in the gastrointestinal tract including the stom-
ach, small intestine and large intestine, With the aim of elucidating
the molecular function of TRIM44 in the gastrointestinal tract, we
identified Nedd8 as a novel TRIM40-binding protein by using yeast
two hybrid screening. TRIM40 enhanced neddylation of IKKy and
inhibited the activity of NF-xB-mediated transcription. We also
found that knockdown of TRIMA40 causes NF-kB activation and
increases cell growth. These results provide evidence for a protec-
tive role of TRIM40 in inflammmation and carcinogenesis in the
gastrointestinal tract.

Materials and methods

Cell culture

HEK293T, HeLa and SW480 cell lines were cultured under an atmosphere of
5% CQ, at 37°C in Dulbecco’s modified Eagle’s medium (Sigma Chemical Co,
St Lonis, MO) supplemented with 10% fetal bovine serum (Invitrogen, Carls-
bad, CA). IEC-6 cell line was cultured under the same conditions in Dulbeceo’s
modified Eagle’s medium supplemented with 10% fetal bovine serum and
0.1 Ul bovine insulin (Sigma).

© The Author 2011, Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com 995
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Cloning of complementary DNAs and plasmid construction

Human TRIM40 complementary DNAs (¢cDNAs) were amplified from human
stomach ¢cDNA by polymerase chain reaction (PCR) with KOD-Plus- (Toyobo,
Osaka, Japan) using the following primers: 5'-atgatccctitgeagaaggac-3’ (Hs-
TRIM40-sense) and 5'-tcagagetictgaggggpctg-3’  (Hs-TRIM40-antisense).
Mouse TRIM40 cDNA was amplified from mouse small intestine cDNA by
PCR with KOD-Plus- (Toyobo) using the following primers: §'-accatgggetetett-
gacaaggac-3' (Mm-TRIM40-sensc) and 5'-agactaactgagetitggaccage-3' (M-
‘TRIMAQ-antisense). The cDNA fragment lacking a sequence corresponding to
amino acids 1-54 was utilized as TRIM40(ARING). The amplified fragments
were subcloned into pBluescript I 8K+ (Stratagene, La Jolla, CA). TRIM40
c¢DNAs were subcloned into pCR-FLAG, pCGN-HA, pcDNA3-Mye (Invitro-
gen), pET30a (Merck, Frankfurt, Germany), pGEX-6P1 (GE Healthcare, Piscat-
away, NI} and pBTM116 (Clontech, Mountain View, CA). Deletion mutants of
mouse TRIM40 ¢DNA containing amino acids 55-247 were amplified by PCR
and subcloned. Expression vectors encoding IKKa, IKKB, IKKy and Nedd8

* ¢cDNA were described previously (25).

Yeast two hybrid screening

¢DNA encoding the full length of mouse TRIM40 was fused in frame to the
nucleotide sequence for the LexA domain (Clontech) in the yeast two hybrid
vector pBTM116. To screen for proteins that interact with TRIM40, we trans-
fected yeast strain L40 (Invitrogen) stably expressing the corresponding
pBTMI116 vector with a mouse NIH3T3 cDNA library (Clontech).

Antibodies and reagents

The antibodies used in this study were as follows: mouse monoclonal anti-HA
(HA.11/16B12; Covance, Princeton, NJ), rabbit polyclonal anti-BA (Y11;
Santa Cruz, Santa Cruz, CA), monse monoclonal anti-FLAG (M2 or M5;
Sigma), mouse monoclonal anti-c-Mye (SE10; Covance), mouse monoclonal
anti-human IxkBa (610690; BD Pharmingen, San Jose, CA), rabbit polyclonal
anti-Nedd8 (PM023; BML, Tokyo, Japan), mouse monoclonal anti-IKKy
(K0159-3; BML), mouse monoclonal anti-Hsp70 (610608; BD), mouse mono-
clonal anti-p65 (610868; BD), mouse monoclonal anti-GAPDH (6C5; Am-
bion, Austin, TX), mouse monoclonal anti-lamin A/C (612162; BD) and
mouse monoclonal anti-B-actin (AC15; Sigma). TNFo, IL-1p and cyclohexi-
mide were purchased from Sigma.

Transfection, immuncprecipitation and immunoblot analysis

HEK293T cells were transfected by the calcium phosphate method and lysed
in a solution containing 50 mmol/l Tris-HCI (pH 7.4}, 150 mmold NaCl,
1% Triton X-100, leupeptin (10 ug/ml), 1 mmoll phenylmethylsulfonyl
fluoride, 400 pmol/i NazVO,, 400 pmoll ethylenediaminetetraacetic acid,
10 mmol/ NaF and 10 mmol/l sedium pyropkosphate. The cell lysates were
centrifuged at 15 000g for 10 min at 4°C, and the resulting supematant was
incubated with antibodies for 2 h at 4°C. Protein A-sepharose (GE Healthcare)
that had equilibrated with the same solution was added to the mixture, which
was then rotated for 1 h at 4°C. The resin was separated by centrifugation,
washed five times with ice-cold lysis buffer and then boiled in sodium dodecyl
sulfate sample buffer. Immunoblot analysis was performed with primary anti-
bodies, horseradish peroxidase-conjugated antibodies to mouse or rabbit IgG
(1:10 600 dilution; Promega, Madison, WI) and an enhanced chemilumines-
cence system (GE Healthcare), Subcellular fractionation was performed as
reported previously (31).

Dual-luciferase assay

HEK?293T, HeLa, SW480 and IEC-6 cells were seeded in 24-well plates at 1 x
10° cells per well and incubated at 37°C with 5% CO, for 24 h. NF-xB luciferase
reporter plasmid and pRL-TK Renilla luciferase plasmid (Promega) were trans-
fected into HEK293T, HeLa, SW480 and IEC-6 cells using the Fugene HD
reagent (Roche, Basel, Switzerland). Twenty-four bours after transfection, cells
were incubated with TNFo (20 ng/ml) for 6 h, harvested and assayed by the
Dual-Luciferase Reporter Assay System {Promega). The luminescence was
quantified with a luminometer (Tuner Designs, Sunnyvale, CA).

Immunofiuorescence staining

HelLa cells expressing HA-tagged TRIM40 on a glass cover were fixed by
phosphate-buffered saline (PBS) containing 4% formaldehyde and 0.1% Triton
X-100 for 10 min at room temperature, followed by incubation with PBS con-
taining anti-HA antibody (Y-11, 1 pg/ml), anti-FLAG antibody (MS, 1 pg/ml)
and anti-p65 antibody (BD, 1 pg/ml) with 0.1% bovine serum albumin and
0.1% saponin for 1 h at room temperature. Cells were washed three times with
PBS, followed by incubation with PBS containing Alexa546-labeled goat anti-
mouse IgG antibody, AlexadB8-labeled goat anti-rabbit IgG antibody,
Alexa546-labeled goat anti-rabbit IgG antibody or Alexa488-labeled goat
anti-mouse IgG antibody (Invitrogen) with 0.1% bovine serum albumin and
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0.1% saponin for 1 h at room temperature, The cells were further incubated
with Hoechst 33258 (1 pg/ml) in PBS for 10 min, followed by extensive
washing with PBS and then photographed with a CCD camera (DP71;
Olympus, Tokyo, Japan) attached 1o an Olympus BX51 microscope.

Recombinant proteins

Glutathione S-transferase-tagged TRIMAQ. was expressed in X1.-10 cells and
then purified by reduced glutathione-sepharose beads (Roche). Hisg/FLAG-
tagged TRIM40 was expressed in Escherichia coli strain BL21 (DE3; Invitro-
gen) and then purified by using ProBond metal affinity beads (Invitrogen).

Retroviral expression system

Wild-type FLAG-TRIMA40 or FLAG-TRIM40(ARING) ¢cDNA was subcloned
into pMX-puro. Retroviral expression vectors were kindly provided by
Dr Kitamura (University of Tokyo). For retrovirus-mediated gene expression,
HelLa cells were infected with retroviruses produced by Plat-A packaging cells.
Cells were then cultured in the presence of puromycin (5 pg/mil).

RNA interference

pSUPER-retro-pure  containing a non-functional random sequence
(5'-cagtegegtitgcgactgg-3') or the nucleotides 570-588 of rat TRIM40 cDNA
(5'-cttctetgaggeagtaaca-3') was constructed according to the protocol of the
manufacturer (OligoEngine, Seattle, WA), For retrovirus-mediated gepe ex-
pression, IEC-6 cells were infected with retroviruses produced by Plat-E pack-
aging cells. Cells were then cultured in the presence of puromycin (2 pg/ml).

Quantitative PCR analysis

Total RNA was isolated from human samples with the use of an ISOGEN
(Nippon Gene, Tokyo, Japan), followed by reverse transcription by ReverTra
Ace (Toyobo). The resulting cDNA was subjected to real-time PCR with a Ste-
pOne machine and Power SYBR Green PCR master mix (Applied Biosystems,
Foster City, CA). The level of gene expression relative to GAPDH was de-
termined. The primer sequences for human GAPDH (GenBankTM accession
number NM_002046.3) and human TRIM40 (GenBankTM accession number
NM_138700.3) were as follows: human GAPDH, 5'-gcaaattccatggeacegt-3°
and 5’-tegcecenctigattitgg-3' and human TRIM40, 5'-caacacactgaagaatgetgg-3'
and 5'-cttctgagppgectgaagaag-3’. The primer sequences for rat GAPDH
(GenBankTM accession number NM_017008.3) and rat TRIM40 (Gen-
BankTM accession number NM_001009175.1) were as follows: rat GAPDH,
S'-cacggcaagttcaacggeacagtea-3' and 5'-gigaagacgecagtagaciceacgac-3' and
rat TRIM40, 5'-caccgggeccatactgagete-3' and 5'-ttectgagecttcageegttg-3'.

Human tissue samples

Tissues from patients who gave informed consent under the guidelines of the
Hokkaido University Hospital Ethics Committee were used for this study.
Excised samples from lesions and adjacent normal tissues were obtained
within 3 h after the operation. All excised tissues were immediately placed
in liquid nitrogen and stored at —80°C until further analysis.

Statistical analysis

The unpaired Student’s t-test and Wilcoxon matched pairs test were used to
determine the statistical significance of experimental data.

Results

TRIM40 expression in normal mouse tissues and mammalian cell lines

‘We and others have shown that some of the TRIM family members are
selectively expressed in specific tissues and cell lines (1,6,7). Al-
though several TRIM family members are known to be involved in
various cellular processes, the functions of almost all TRIM family
proteins have not been elucidated. In this study, we found human and
mouse TRIM40 as a new member of the TRIM family and we ana-
lyzed the biological function of TRIM40. To examine the expression
levels of TRIMA40 in several normal tissues at the protein level, we
generated a rabbit polyclonal anti-TRIM40 antibody using recombi-
nant mouse TRIM40 protein and performed immunoblot analysis
using several mouse normal tissues. Immunoblot analysis showed that
TRIMA40 is highly expressed in the gastrointestinal tract, heart and
cerebellum and faintly in the testis (Figure 1A). To further analyze the
expression of TRIM40 in detail, we prepared several gastrointestinal
tissues including the esophagus, stomach, small intestine and large
intestine. Immmunoblot analysis using cell extracts from these tissues
showed that TRIM40 is expressed highly in the small intestine, mod-
erately in the stomach and faintly in the esophagus and large intestine
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Fig, 1. Expression levels of TRIM40 in several mouse tissues and cell lines. (A) TRIM40 expression in several mouse tissues. The lysates from indicated mouse
tissues were subjected to immuneblot (IB} analysis with anti-TRIM40 antibody and anti-Hsp70 antibody as a loading control. (B) TRIM40 expression in several
celi Lines, IB analysis with anti-TRIM490 or anti-Hsp70 antibody was performed using cell lysates from human intestine epithelial carcinoma cell lines Caco2,
Lovo, HCA-7, WiDr, T84, DLD-1, SW480, HCT116 and COLO201, rat intestine epithelial cell line IEC-6, mouse colon epithelial carcinoma cell line Colon26,
human synovial sarcoma cell line SW982, mouse embryonic fibroblast cell line NIH3T3, human pancreatic adenocarcinoma cell line MIApaca 2, human
embryonic kidney cell line HEK293T, human breast carcinoma cell line MCF7, human hepatocellular carcinoma cell line HepG2, human lung carcinoma cell line
H1299, human adenoid cystic carcinoma cell line ACC3 and human cervical carcinoma cell iine HelLa. Asterisk represents non-specific band.

(Figure 1A), Furthermore, immunoblot analysis using several cell
lines showed that TRIM40 is highly expressed in the rat small in-
testinal epithelial cell line IEC-6, the mouse colon adenocarcinoma
cell line Colon26 and the human adenoid cystic carcinoma cell line
ACC3, which are developmentally derived from parotid glands or
gastrointestinal tissues (Figure 1B). These findings suggest that
TRIMA40 is more highly expressed in normal intestinal cells than in
intestinal carcinoma cells.

TRIM40 interacts with Nedd8

To examine the molecular function of TRIMA40, we isolated TRIM40-
interacting proteins from an NIH 3T3 ¢DNA library by using a yeast
two hybrid system. We obtained 16 positive clones from 1.2 x 10°
transformants. Eight of the positive clones had sequence identities
with ¢DNA encoding mouse Nedd8 (NCBI Reference Sequence:
NM_008683.3). To examine whether TRIM40 physically interacts
with Nedd8 in mammalian cells, we performed an in vivo-binding
assay using cells transfected with expression vectors. We expressed
FLAG-tagged TRIM40 together with Myc-tagged Nedd8 in
HEK293T cells. Cell lysates were subjected to immunoprecipitation
with an antibody to FLAG, and the resulting precipitates were sub-
jected to immunoblot analysis with an antibody to Myc. Myc-tagged
Nedd8 was coprecipitated by the antibody to FLAG, indicating that
TRIMA40 non-covalently interacts specifically with Nedd$ and also is
covalently conjugated with Nedd® (neddylation} (Figure 2A). We also
confirmed interaction between FLAG-tagged TRIMA40 lacking
a RING domain [TRIM40(ARING)] and Myc-tagged Nedd8 by im-
munoprecipitation, suggesting that TRIMA0(ARING) can be used as
a null-functional mutant or a dominant-negative mutant (Figure 2A).
Furthermore, immunoblot analysis nsing anti-Nedd8 antibody showed
that overexpressed FLAG-tagged TRIM4O0 is covalently conjugated
with Nedd8, but we could not show that overexpressed FLAG-tagged
TRIMA40 non-covalently interacts with Nedd8 (Figure 2A and B).
These findings suggest that TRIM40 is covalently conjugated with
Nedd8 and that TRDMA40 weakly interacts with monomeric Nedd8.

TRIMA40 inhibits NF-xB activity

It has been reported that Nedd8 covalently binds to and activates Cull,
which is a component of an SCF complex and that the SCF complex
degrades IxBa phosphorylated by stimulation of TNFe, followed the
activation of NF-xB-mediated transcription (12,13). To examine
whether TRIM40 affects NF-xB activity, we performed an NF-xB
response element luciferase reporter assay. We transfected expression
vectors encoding TRIM4Q with reporter plasmids into HEK293T
cells. Six hours after stimulation with TNFo, luciferase activity was
measured. The luciferase assays showed that TRIM40 suppressed

NF-xB-mediated transcriptional activity in a dose-dependent fashion
(Figore 2C). Furthermore, stable HeLa cell lines expressing FLAG-
tagged TRIM40O(WT) and FLAG-TRIM40(ARING) were generated
by a retroviral expression system and luciferase assays were performed
using these cell lines. Luciferase assays showed that overexpression of
TRIM40 inhibits NF-xB activity compared with that of Mock, whereas
overexpression of TRIM4O(ARING) does not affect NF-xB activity,
snggesting that a RING domain of TRIMA40 is indispensable for in-
hibition of NF-xB activity (Figure 2D and E). In addition, we showed
that TRIM40 also suppressed TNFo-induced NF-kB activity using the
human colorectal adenocarcinoma cell line SW480 (Figure 2F). Since
a canonical NF-xB pathway can be activated by many stimulations
including stimulations with TNFo, IL-1f and lipopolysaccharide,
a luciferase reporter assay using IL-1B was performed. The luciferase
reporter assay showed that TRIM40 suppressed IL-15-induced NF-xB
activity (Figure 2G). These findings suggest that TRIM40 downregu-
lates NF-xB-mediated transcriptional activity.

TRIM40 inhibits nuclear translocation of NF-xB

It has been reported that the p65 subunit of NF-«B is translocated
from the cytoplasm to the nucleus upon stimulation with TNFa (32).
To examine whether TRIM40 affects nuclear translocation of p65,
immunofluorescent analysis was performed using an anti-p65 anti-
body. An expression vector encoding HA-tagged TRIM40 was trans-
fected into HeLa cells, and the cells were stimulated with TNFo for 20
or 30 min and then stained with anti-p6S antibody. It was found that
p65 was concentrated in the nucleus of mock cells by treatment with
TNF«, whereas p65 was weakly concentrated in the nucleus of cells in
which TRIM40 was highly expressed (Figure 3A and B). Immuno-
fluorescent staining showed that overexpression of TRIM40 inhibits
nuclear localization of endogenons p65 in HeLa cells by stimulation
with TNFu, suggesting that TRIM40 inhibits a canonical NF-kB path-
way (Figure 3A and B). The effect of TRIM40 on nuclear localization
of endogenous p65 by TNFa was further confirmed by biochemical
subcellular fractionation of HeLa cells. Inmunoblotting with anti-p65
antibody was performed using each subcellular fraction from cells
stimulated with TNFo. Endogenous p65 was mainly localized in the
nucleus in mock cells by stimulation with TNFo, whereas half of the
endogenous p65 remained in the cytosol in TRIM40-expressing cells,
suggesting that TRIM40 inhibits nuclear translocation of p6S induced
by stimulation with TNFo (Figure 3C and D).

TRIMA0 stabilizes IxBa and interacts with IKK complex

Since we found that TRIM40 inhibits nuclear translocation of NF-xB
and NF-kB-mediated transcriptional activity, we hypothesized that
overexpression of TRIM40 would inhibit degradation of IxBo. To
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Fig. 2. TRIMAO interacts with Nedd8 and downregulates NF-xB activity. (4) In vivo-binding assay between TRIM40 and Nedd8. Expression vectors encoding
FLAG-tagged TRIM40, FLAG-tagged TRIM40(AR) and Myec-tagged Nedd8 were transfected into HEK293T cells. Cell lysates (WCL) were immunoprecipitated
with anti-FLAG or anti-Myc antibody and immunoblotted with anti-Myc and anti-FLAG antibodies. (B) In vivo-binding assay between TRIMA40 and Nedd3.
Expression vectors encoding FLAG-tagged TRIMA40 and FLAG-tagged TRIM40 (AR) were transfected into HEK293T cells. Cell lysates (WCL) were
immunoprecipitated with anti-FLAG antibody and immunoblotted with anti-FLAG and anti-Nedd8 antibodies. (C) TRIM40 reduces TNFo-induced NF-xB
activity in a dose-dependent manner. HEK293T cells were transfected with the NF-«B luciferase reporter plasmid and an expression plasmid encoding TRIM40
(100 or 300 ng). Twenty-four hours after transfection, cells were treated with TNFe (20 ng/ul) and cultured for an additional 6 h. Data are means * standard
deviation of values from three independent experiments. The P values for the indicated comparisons were determined by Student’s #-test, (D) Luciferase assay for
NF-kB activity using HeLa cell lines stably expressing FLAG-tagged TRIMA40. Stable cell lines were transfected with the NF-xB luciferase reporter plasmid,
Twenty-four hours after transfection, cells were treated with TNFo. {20 ng/pl) and cultured for an additional 6 h. (E) Luciferase assay for NF-kB activity using
HeLa cell lines stably expressing FLAG-tagged TRIM40(ARING). Stable cell lines were transfected with the NF-xB luciferase reporter plasmid. Twenty-four
hours after transfection, cells were treated with TNFo (20 ng/pi) and cultured for an additional 6 b and then luciferase activity was measured. R, RING domain.
(F) TRIM40 reduces TNFa-induced NF-kB activity in the human colorectal adenocarcinoma cell line SW480. SW480 cells were transfected with the NF-xB
luciferase reporter plasmid and an expression plasmid encoding TRIM40 (300 ng). Twenty-four hours after transfection, cells were treated with TNFot (20 ng/pl)
and cultured for an additional 6 h and then luciferase activity was measured. (G) TRIM40 reduces IL-1 B-induced NF-xB activity. HEK293T cells were transfected
with the NF-xB luciferase reporter plasmid and an expression plasmid encoding TRIM40 (300 ng). Twenty-four hours after transfection, cells were treated with
T~1B (10 ng/ul) and cultured for an additional 6 h and then luciferase activity was measured.

examine whether overexpression of TRIM40 affects the stability of
IxBo, an expression vector encoding TRIM40 was transfected. Im-
munoblot analysis clarified that overexpression of TRIM40 increases
the stability of IxBx (Figure 4A). To further confirm that TRIM40
affects the stability of TxBa, a protein stability assay using cyclohex-
imide was performed. HeLa cell lines stably expressing FLAG-tagged
TRIM40 were stimulated with TNFo and incubated with cyclohexi-
mide for 0~60 min. The protein stability assay showed that stimula-
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tion with TNFo did not completely degrade IxBo even after 20 min of
stimulation, suggesting that TRIM40 suppressed TNF-induced IxBa
degradation (Figure 4B and C).

Next, we tested whether TRIM40 interacts with IKKe, IKK and
IKKy as wpstream regulators for IkBa. We transfected expression
vectors . encoding HA-tagged TRIM40 or HA-tagged
TRIM4CG(ARING) and FLAG-tagged IKKa, FLAG-tagged IKK}
or FLAG-tagged IKKy into HEK293T cells. Cell lysates were
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and Alexa546-labeled anti-mouse IgG antibedy, respectively. Nuclei were visualized nsing Hoechst 33258. Scate bars, 10 pm. (B) Immunofluorescent staining of
p65 in TRIMA4U-overexpressing cells at high magnification. HeLa cells were transfected with an expression plasmid encoding HA-tagged TRIM40. Forty-eight
hours after transfection, the cells were stimulated with TNFa (20 ng/ml) for 30 min and were stained with anti-HA and anti-p65 antibodies, followed by incubation
with Alexa546-labeled anti-rabbit IgG antibody and Alexa488-labeled anti-mouse IgG antibody, respectively. Nuclei were visualized using Hoechst 33258, Scale
bars, 16 pm. (C) Subcellular fractionation of p65 from TRIM40-overexpressing cells. HeLa cell lines stably expressing FLAG-tagged TRIM40 were stimulated
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anti-p65, anti-GAPDH and anti-Lamin A/C antibodies. GAPDH and lamin A/C are used as cytosolic and nuclear markers, respectively. (D) Quantification of p65
in cytosol or nuclear fractions. The intensities of p65 bands in (C) were quantified using a densitometer.

subjected to immunoprecipitation with an antibody to HA or
FLAG, and the resulting precipitates were subjected to immunoblot
analysis with an antibody to FLAG or HA, respectively. Immuno-
blot analysis showed that HA-tagged TRIM40 was selectively co-
precipitated by anti-FLAG antibody and that FLAG-tagged IKKu,
FLAG-tagged IKKp and FLAG-tagged IKKy were also coprecipi-
tated by anti-HA antibody (Figure 4D, E and F). We also verified
interaction between HA-tagged TRIMAG(ARING) and FLAG-
tagged IKKo, FLAG-tagged IKKB or FLAG-tagged IKKy by
immunoprecipitation (Figure 4D, E and F). TRIM40(AR) interacts
with IKK subunits much more strongly than TRIM40(WT) docs
(Figure 4D, E and F), suggesting that the RING domain may inhibit
the interaction between TRIM40 and IKK subunits, These findings
suggest that TRIMA40 is contained in the IKK complex and inhibits
the degradation of IxBa in a resting state.

TRIM40 is modified by Nedd8 and promotes neddylation of IKKy

It has been reported that IKKy is regulated by several posttranslational
modifications including K63-linked or linear polyubiquitination

(33,34). Since TRIM40 interacts with Nedd8 and IKKy, we examined
whether Nedd8 affects IKKy by TRIMA40Q, To examine whether
TRIM40 exhibits Nedd8 conjugation on IKKy, we performed an in
vivo neddylation assay. Expression vectors encoding FLAG-tagged

IKXy, HA-tagged TRIM40, HA-tagged TRIM40(ARING) and

Myc-tagged Nedd8 were transfected into HEK293T cells, and cell
lysates were subjected to immunoprecipitation with an antibody to
Myec and immunoblotted with an antibody to FLAG. Although FLAG-
IKKy was slightly neddylated even without overexpression of
TRIMA40, overexpression of TRIM40 considerably enhanced neddy-
lation of FLAG-IKKy (Figure 5A). Next, to elucidate in detail
whether TRIM40 neddylates IKKy, we performed an in vivo neddy-
lation assay using several amounts of an expression vector HA-tagged
TRIM40. Immunoblot analysis showed that TRTMAQ enhances ned-
dylation on IKKY in a dose-dependent fashion (Figure 5B), suggesting
that TRIM40 medijates neddylation on IKKy and then possibly med-
unlates kinase activity of the IKK complex, followed by stabilization of
IxBo. Although imununoblot analysis of IKKo and IKKB was
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Fig. 4. TRIMA40 interacts with IKK complex. (A) Upregulation of endogenous IxBa by TRIM40. Immunoblot analysis was performed using Hela cells stably
expressing FLAG-tagged TRIM40. Cell lysates were subjected to immunoblot (IB) analysis with anti-FLAG, anti-TxBo or anti-Hsp70 antibody. Anti-Hsp70 antibody
was used as a loading control. (B) TRIM40 affects the stability of IicBor. Hela cell lines stably expressing FLAG-tagged TRIM40 were stimulated with TNFox (20 ng/ml)
and cycloheximide (25 pg/ml) for 0-60 min. Cell extracts were analyzed by immunoblotting with anti-IxBa antibody, anti-Hsp70 antibody and anti-FLAG antibody.
Anti-Hsp70 antibody was used as a loading control. (C) Intensity of the IkBe bands in protein stability analysis in (B) was normalized by that of the corresponding Hsp70
bands and was then expressed as a percentage of the normalized value for time zero, (D) Interaction between IKKo and TRIMA40, HEK293T cells were transfected with
plasmids encoding FLAG-tagged IKKo, HA-tagged TRIM40 and HA-tagged TRIMAO{ARING), followed by immunoprecipitation (IP) with anti-FL.AG antibody or anti-
HA antibody. Immunoprecipitates were subjected to IB analysis with anti-FLAG or anti-HA antibody. (E) Interaction between KK and TRIM40. HEK293T cells were
transfected with plasmids encoding FLAG-tagged IKKP, HA-tagged TRIMA40 and HA-tagged TRIMAO(ARING), followed by IP with anti-FLAG antibody or anti-HA
antibody. Immunoprecipitates were subjected to IB analysis with anti-FLAG or anti-HA antibody. (F) Interaction between IKKy and TRIM40. HEK293T cells were
transfected with plasmids encoding FLAG-tagged IKKYy, HA-tagged TRIMA40 and HA-tagged TRIM40(ARING), followed by IP with anti-FLAG antibody or anti-HA
antibody. Immunoprecipitates were subjected to IB analysis with anti-FLAG or anti-HA antibody.

performed, neddylation of IKK« and IKKB was not observed (Figure
5C and D).

Knockdown of TRIMA0 promotes activity of NF-xB and increases cell
growth

To evaluate the physiological function of TRIMA40, retroviral vectors
encoding ShRNA specific for rat TRIM40 (shTRIM40) or non-target-
ing shRNA as a control (Mock) were infected into JEC-6 cells in
which TRIMA40 is highly expressed. After puromycin selection, a sta-
ble IEC-6 cell line in which TRIM40 is knocked down was estab-
lished, and TRIM40 expression at protein and messenger RNA
(mRNA) levels was confirmed by immunoblot analysis and quantita-
tive real-time PCR, respectively (Figure 6A and B). Using these cell
lines, we performed an NF-xB response element luciferase reporter
assay, Six hours after stimulation with TNFu, luciferase activity was
measured. The luciferase assays showed that knockdown of TRIMA40
enhances NF-kB-mediated transcriptional activity (Figure 6C). Inter-
estingly, knockdown of TRIM40 caused activation of NF-kB-medi-
ated transcription even without TNFo stimulation. In addition,
knockdown of TRIMA40 increased cell growth (Figure 6D). These
findings suggest that TRIM40 downregulates NF-xB-mediated tran-
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scriptional activity and that TRIM40 is an important regulator to
prevent NF-xB activation in a resting state.

Since it has been reported that NE-xB activity is upregulated in
gastrointestinal carcinomas, we investigated the expression of
TRIM40 mRNA in human cancers and inflammation (22,30). Quan-
titative real-time PCR was performed and mRNA expression levels of
TRIM40 were compared in gastrointestinal cancers (including
Crohn'’s disease) and normal tissues. Expression levels of TRIM40
mRNA were lower in samples of gastric cancer (13/13), colen cancer
(3/3), rectal cancer (3/4), benign colon tumor (0/1) and Crohn’s dis-
ease (1/1) than in normal epithelia. Quantitative real-tme PCR
showed that TRIM40 mRNA is highly expressed in human normal
gastrointestinal tissues and significantly downregulated in gastroin-
testinal carcinomas and inflammation (Figure 6E and F).

To verify Nedd8 conjugation of IKKy in human gastrointestinal
tissues, immunoprecipitation and immunoblot analysis were per-
formed using normal gastric epithelium and gastric cancer tissue from
the same patient. Cell lysates were subjected to immunoprecipitation
with an antibody to anti-IKKy or anti-Nedd8, and the resulting pre-
cipitates were sabjected to immunoblot analysis with an antibody to
anti-Nedd8 or anti-IKKy, respectively. Neddylation of IKKy was se-
lectively detected in normal gastric epithelium (Figure 6F). These
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Fig. 5. TRIM40 promotes neddylation of IKKY. (A) In vivo neddylation assay of IKKy by TRIM40. HEK293T cells were transfected with plasmids encoding
FLAG-tagged IKKY, HA-tagged TRIM40, HA-tagged TRIM40 (ARING) and Myc-tagged Nedd8, followed by immunoprecipitation (IP) with anti-Myc antibody.
Tmmunoprecipitates were subjected to immunoblot (IB) analysis with anti-FLAG or anti-HA. antibody. (B) TRIM4(C promotes neddylation of IKKy in a dose-
dependent fashion. HEK293T cells were transfected with plasmids encoding FLAG-IKKy, HA-TRIM40 (1, 3 or 6 ug), HA-tagged TRIM40(ARING) (3 pg) and
Mye-tagged Nedds, followed by IP with anti-Myc antibody. Immunoprecipitates were subjected to IB analysis with anti-FLAG or anti-HA antibody. (C and D} In
vivo neddylation assay of IKKe or IKKB by TRIM40. HEK293T cells were transfected with plasmids encoding FLAG-tagged IKK« or IKKB, HA-tagged
TRIMA40, HA-tagged TRIM40 (ARING) and Myc-tagged Nedd8, followed by IP with anti-Myc antibody. Immunoprecipitates were subjected to IB analysis with

anti-FLAG or anti-HA antibody.

findings suggest that endogenous TRIMA40 is highly expressed and
promotes neddylation of IKKy, resulting in stabilization of IxBo.

Discussion

In this study, we found that TRIM40 is highly expressed in gastroin-
testinal tissues and that TRIMA40 interacts with the ubiquitin-like pro-
tein Nedd8, We focused on the relationship between TRIM40 and
Nedd8 because Nedd8 conjugation regulates activity of NF-xB

through the SCF complex (12). Although it has been reported that
a subunit of SCF complex, Cull, is positively regulated via Nedd8
conjugation, we did not find interaction of TRIM40 with the SCF
complex (data not shown). We further investigated other steps for
NF-xB activation and found that TRIM40 interacts with the IKK
complex. We showed that overexpression of TRIM40 promotes ned-
dylation of IKKYy and that TRIM40 causes stabilization of IxBa and
attenuates NF-xB activity, whereas a mutant of TRIM40 lacking the
RING-finger domain does not affect NF-xB activity. Furthermore,
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Fig. 6. Knockdown of TRIM40 promotes NF-xB-mediated transcription and accelerates cell growth. (A) Establishment of stably knocked-down IEC-6 cell lines
with shRNA specific for rat TRIM40 (shTRIM40) or with non-targeting shRNA as a control (Mock). Immunoblot analysis was performed with anti-TRIM40 or
ant-B-actin antibody. (B) TRIM40 mRNA expression in stably knocked-down IEC-6 cell lines with shRNA specific for rat TRIM4¢ (shTRIM40) or with non-
targeting shRNA as a control (Mock). 7RIM40 mRNA levels in these cell lines were measured by quantitative real-time PCR. (C) Knockdown of TRIM40
enhances NF-xB-mediated transcription. Stably knocked-down cells were transfected with the NF-xB luciferase reporter plasmid. Twenty-four hours after
transfection, cells were treated with TNFu (20 ng/ul) and cultured for an additional 6 h and then luciferase activity was measured. Data are means = standard
deviation of values from three independent experiments. (D) Knockdown of TRIM40 causes growth delay of TEC-6 cells. Cell lines were seeded at 5 x 10° cells in
six-well plates and harvested for determination of cell number at indicated times. Data are means =+ standard deviation of values from three independent
experiments. (£} TRIM40 is downregulated in human gastrointestinal carcinomas. TRIM40 mRNA Jevels in human gastrointestinal diseases and adjacent normal
tissues from 22 cases were compared by quantitative real-time PCR. The expression level of TRIM40 mRNA was normalized to that of GAPDH mRNA and shown
as relative expression level. The boxes within the plots represent the 25-75th percentiles. The horizontal line in the boxes indicates median value. The P values for
the indicated comparisons were determined by Wilcoxon matched pairs test. Samples used in this assay were as follows: gastric cancers, 13; colon cancer, 3; rectal
cancer, 4; benign colon tumor, 1; Crohn’s disease, 1, (F) Neddylation of IKKY in gastric cancer sample. Cell lysates were subjected to immunoprecipitation with an
antibody to JKKy or anti-Nedd8, and the resulting precipitates were subjected to immunablot analysis with an antibody to anti-IKKy, anti-TRIMA40 or anti-Nedd8.

N, normal tissues; C, cancer tissues.

knockdown of TRIM40 promoted NF-xB activity and cell growth.
Taken together, these results suggest that TRIM40 is a novel-negative
regulator against inflammation and carcinogenesis in the gastrointes-
tinal tract.

It has been reported that the E3 ubiquitin ligase MDM?2 promotes
neddylation of p53 and negatively regulates its transcriptional activity
(14) and that an F-box protein, FBXO11, which is a component of the
SCF type E3 ligase, promotes neddylation of p53 and inhibits its
transcriptional activity (16). Therefore, we hypothesized that TRIM40
promotes neddylation of IKKy via a RING domain and regulates the
activity of IKK complex, in which IKKY is an essential component for
activation of the canonical NF-xB pathway. Non-proteclytic lysine 63
(X63)-linked polyubiquitination has as an important role in IKK ac-
tivation in the canonical NF-xB pathway (35). IKXy specifically rec-
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ognizes K63-linked polyubiquitin chains and is conjugated by K63-
linked polyubiquitin chains, which induces activation of the IKK
complex and promotes the NF-xB cascade (33,36,37). In addition,
IKKY is conjugated by N-terminal-linked linear polyubiquitin chains
and linear polyubiquitin of IKKy is necessary for an NF-kB pathway
{34). In this study, we showed that overexpression of TRIM40 results
in neddylation of IKKy and inhibition of NF-«B activity and that
knockdown of TRIM40 accelerates NF-xB activity and cell growth.
Taken together, these findings indicate that non-proteolytic polyubi-
quitin chains by K63-linked and linear types on IKKy positively
regulate the IKK complex, whereas Nedd® conjugation of IKKy
probably functions as a negative regulator for NF-«B activity.
Intestinal epithelial cells provide a primary physical barrier against
commensal and pathogenic microorganisms in the gastrointestinal



tract, but the influence of intestinal epithelial cells on the development
and regulation of immunity to infection is unknown (38). Many kinds
of enterobacteria exist in the gastrointestinal tract: Despite the fact
that enterobacteria are non-self antigens, the intestinal tract has no
immune response for enterobacteria. The normal intestinal tract
seems to have an immune suppression system for enterobacteria. In
particular, chronic inflammation by pathogenic bacteria such as
H pylori or inflammatory bowel diseases including Crohn's disease
and ulcerative colitis are closely associated with cancer (26).
Evidence that has accumulated in the past decade has suggested that
NF-xB plays a critical role in linking inflammation and cancer
(27-30). Tissue reconstruction by chronic inflammation may induce
malignant transformation of the gastrointestinal epithelium. There-
fore, appropriate regulation of immune responses in the gastrointes-
tinal tract, in which various bacteria cause inflammation, may be
required for preventing carcinogenesis. We showed that TRIM40 is
highly expressed in normal gastrointestinal epithelia compared with
the expression level in inflammatory gastrointestinal tracts and cancer
lesions. TRIM40 may downregulate production of inflammatory
cytokines including TNFao, IL-6, IL-1, IL-8 via inhibition of NF-xB
and prevent carcinogenesis through inflammation by enteric bacteria.
Hence, TRIM40 may functions as an important regulator for main-
taining homeostasis of the gastrointestinal tract.

Dysregulation of NF-xB is involved in the etiology of cancer and
lenkemia. Recently, NF-kB has attracted attention as a target of drugs
for cancer and immune regulation, The proteasome inhibitor Borte-
zomib, one function of which is NF-xB inhibition through reduced
IxB degradation, leading to reduced NF-xB-dependent synthesis of
antiapoptotic factors, has been evaluated in a number of published and
ongoing trials for solid and hematological malignancies (39). More-
over, it has been reported that the TKK inhibitor ML.N120B inhibits
TNFo-induced NF-xB activation, resulting in inhibition of the
growth of multiple myeloma cell lines {40). We showed that a newly
developed NF-xB inhibitor, dehydroxymethylepoxyquinomicin
(DHMEQ), can be utilized for controlling allograft rejection (41).
A recent study has shown that a potent and selective inhibitor of
Nedd8-activating enzyme, MLN4924, disrupts cullin-RING ligase-
mediated protein turnover, leading to apoptotic death in human tumor
cells by dysregulation of S-phase DNA synthesis (42). Furthermore,
treatment of diffuse large B-cell Iymphoma cells with MLN4924
results in rapid accumulation of phosphorylated IxBa, decrease in
nuclear p65 content, reduction of NF-xB transcriptional activity,
and G, arrest, ultimately resulting in apoptosis induction. Therefore,
detailed research using MLN4924 may clarify the function of
TRIMA40 in regulation of the NF-xB pathway. In conclusion, further
functional analysis of TRIM40 may provide therapeutic benefits not
only for inhibition of the growth of gastrointestinal cancers but also
for the prevention of chronic inflammatory bowel diseases.
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