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Fig. 1. Treatment of a patient with pulmonary metastasis of colon cancer with MAGE-A4-H/K-HELP. Immunohistochemical staining with anti-

pan MAGE-A4 mAb (57B) for (a) MAGE-A4~ bladder cancer (negative co
staining intensity to testis, and (c, d) a tumor tissue sample of the enro

ntrol), (b) head and neck cancer (positive control), which revealed similar
lled patient. () MAGE-A4 mRNA expression levels were assessed by real-

time PCR. Normal colon and testis were used as a negative or positive control, respectively. (f) The amino acid sequence of artificially synthesized
MAGE-A4-H/K-HELP used in this trial. MAGE-A4-H/K-HELP was artificially synthesized by conjugating MAGE-A4,75 >0 helper epitope (22 amino
acid sequence in the right box) with MAGE-A4143_154 killer epitope (12 amino acid sequence in the left box) by a glycine linker. (g) Vaccination
protocol for the patient in a phase | study. The patient was vaccinated with 1 or 10 mg MAGE-A4-H/K-HELP mixed with OK-432 (0.02KE) and
Montanide ISA-51 four times at 2-week intervals. H/K-HELP, helper/killer-hybrid epitope long peptide; HLA, human leukocyte antigen.

stimulated CD4" T cells and a part of the helper epitope pep-
tide also activated CD8* T cells, while the MAGE-A4 43_;s4
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 guide]ines(])). 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.(2’3)
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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Fig. 3. Clinical responses in a colon cancer patient treated with MAGE-A4-H/K-HELP vaccine. (a) The carcinoembryonic antigen (CEA) value in
the patient’s serum was measured using ELISA on various days after vaccination. (b) Maximum tumor diameter was measured by computer
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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 Th1l and Th2 immunity in the
tumor-bearing host and have proposed that the introduction of
Thi-dominant immunity is essential for inducing fully activated
CTL and immunological memory.®'" 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."® 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 Th1-
dependent antitumor immunity.® In contrast to viral-related

doi: 10.1111/.1349-7006.2011.02106.x
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cancer antigenic long peptide, p33-long peptide vaccine induced
no complete or partial response in a clinical trial of human can-
cers, although it induced significant T cell responses.**!
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_1s9 exhibited 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,m) and applied it to a patient with pulmo-
nary metastatic colon cancer. In contrast to short gp100;75_189
peptide including helper and killer epitopes,(m) we successfully
induced cancer-specific Th1/Tcl cells and complement-fixing
Ab (IgG1 and 1gG3)™™ 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 activation 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(% activity of DC to
induce Th-dependent, tumor-specific CTL. ? We have also
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Gastrointestinal neoplasia seems to be a common conseguence of
chronic inflammation in the gastrointestinal epithelium. Nuclear
facter-kappaB (NF-xB}) is an important transcription factor for
carcinogenesis in chronic inflammatory diseases and plays a key
role in promoting inflammation-associated carcinoma in the gas-
trointestinal tract. Activation of NF-«B is regulated by several
postiransiational modifications including 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 NeddS8, which is cen-
Jjupated 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 TRIMA40 lacking
the RING domain does not inhibit NF-xB activity, Knockdown of
TRIM40 in the small infestinal epithelial cell line IEC-6 caused
NF-xB activation followed by increased cell growth, In addition,
we found that TRIM40 is highly expressed in normal gastreintes-
tinal epithelia but that TRIM40 is downregulated in gastrointes-
tinal carcinomas and chronic inflammatory lesions of the
gastrointestinal tract. These findings suggest that TRIMA46 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.

Intreduction

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
reported 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). Purthermore, several TRIM family members are
involved in varicus cellular processes, such as transcriptional regula-
tion, cell growth, apoptesis, development and oncogenesis (4-8).
Neural precursor celi-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 Mdm2 or F-box domain protein FBX011, and

Abbreviations: c¢DNA, complementary DNA; IL, interleukin; mRNA,
messenger RNA; NeddS, newral 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 causes 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-kB)-signaling pathway plays a key
role in many aspects of cancer initiation and progression through
transeriptional control of genes involved 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 ubiquitin
ligase. Under a resting condition, NF-xB is maintained in an inactive
state by binding to IxB proteins. In canonical NF-kB signaling, IxBu
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 ubiguitin ligase complex, SCF¥! (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 inflamimation 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 suggested that the
NF-kB play a critical role in linking inflammation and cancer. NF-xB
regulates major inflammatory factors including tumor necrosis factor
(TNF} o, interleukin (IL)-6, IL-1, IL-8, many of which are also potent
activators for NF-«B. It is thus probably that NF-xB and inflammation
constitute a positive feedback loop in the milien of inflammatory
sites to induce cellular and DINA 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 TRTM40
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 TRTM40 in the gastrointestinal tract, we
identified Nedd8 as a novel TRIM40-binding protein by using yeast
two hybrid screening. TRIMA40 enhanced neddylation of IKKYy and
inhibited the activity of NF-xB-mediated transcription. We also
found that knockdown of TRIM40 causes NF-kB activation and
increases cell growth. These results provide evidence for a protec-
tive role of TRIM40 in inflammation and carcinogenesis in the
gastroinfestinal tract,

Materials and methods

Cell culture

HEEK293T, HeLa and SW480 cell lines were cultured under an atmosphere of
5% €O, at 37°C in Dulbecco’s modified Bagle'’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 Dulbecco’s
meodified Eagle's medium supplemented with 10% fetal bovine serum and
0.1 U/ml bovine insulin (Sigma).

© The Author 2011, Published by Oxford University Press. All rights reserved. For Permissions, please email: journals, permissions@oup.com 985
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Cloning of complementary DNAs and plasmid construction

Human TRIM40 complementary DNAs (¢DNAs) were amplified from human
stomach cDNA by polymerase chain reaction (PCR) with KOD-Plus- (Toyobo,
Osaka, Japan) using the following primers: §'-atgatccetitgeagaaggac-3’ (Hs-
TRIM40-sense) and S'-tcagagettetgaggggeetg-3' (Hs-TRIM40-antisense).
Mouse TRIMA0 ¢DNA was amplified from mouse small intestine ¢cDNA by
PCR with KOD-Plus- (Toyobe) using the following primers; 5'-accatgggetetctt-
gacaaggac-3' (Mm-TRIM40-sense) and 5'-agactaacigagetitggaccage-3' (Mm-
TRIMAG-antisense). The ¢cDNA fragment lacking a seguence corresponding to
amming acids 1-34 was utilized as TRIM40(ARING). The amplified fragments
were subcloned into pBluescript 0 SK-+ (Stratagene, La Jolla, CA). TRIMA0
cDNAs were subcloned info pCR-FLAG, pCGN-HA, pcDNA3-Mye {Invitro-
gen), pET30a (Merck, Frankfurt, Germany), pGEX-6P1 (GE Healthcare, Piscat-
away, NJ) and pBTM116 (Clontech, Mountain View, CA). Deletion mutants of
mouse TRIMAD cDNA containing amino acids 55-247 were amplified by PCR
and subcloned. Expression vectors encoding TKKa, IKKB, TKKy and Nedd8
cDNA were described previously (25).

Yeast two hybrid screening

cDNA encoding the full length of mouse TRIMAQ 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 TRTMA40, we trans-
fected yeast strain L40 (Invitrogen) stably expressing the corresponding
pBTML16 vector with a mouse NIM3T3 cDNA library (Clontech).

Antibodies and reagents

The antibodies used in this study were as follows: mouse moneclonal anti-HA
(HA.11/16B12; Covance, Princeton, NJ), rabbit polyclonal anti-HA (Y11,
Santa Cruz, Santa Cruz, CA), mouse monocional anti-FLAG (M2 or M5;
Sigma), mouse monoclonal anti-c-Mye (9E10; Covance), mouse monoclonal
anfi-human IxBe (610690; BD Pharmingen, San Jose, CA), rabbit polyclonal
anti-Nedd8 (PM023; BML, Tokyo, Japan), mouse monoclonal anti-TKKy
(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 monaclonal anti-f-actin (AC13; Sigma). TNFo, IL-1P and cyclohexi-
mide were purchased from Sigma.

Transfection, immunoprecipitation and immunoblot analysis

HEE293T cells were transfected by the calcium phosphate method and lysed
in a solution containing 50 mmol/l Tris-HC1 (pH 7.4), 150 mmol/l NaCl,
1% Triton X-100, leupeptin (10 pg/mi), 1 mmol/l phenylmethylsulfonyl
fluoride, 400 pmoli NazVQy, 400 gmolfl ethylenediamingtetraacetic acid,
10 mmol/l NaF and 10 mmol/ sodium pyrophosphate. The cell lysates were
centrifuged at 15 000g for 10 min at 4°C, and the resulting supernatant was
incubated with antibodies for 2 b 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-
hodies, horseradish peroxidase-conjugated antibodies to mouse or rabbit IgG
(1:10 600 dilution; Promega, Madison, ‘WI) and an enhanced chemilumines-
cence system (GE Healthcare). Subcellutar fractionation was performed as
reported previously (31).

Dyal-luciferase assay

HEK?93T, HeLa, SWAS0 and IEC-6 cells were seeded in 24-well plates at 1 x
105 cells per well and incubated at 37°C with 5% CO; for 24 h, NF-xB luciferase
reporter plasmid and pRL-TK Renilla Iuciferase plasmid (Promega) were trans-
fected into HEK293T, HeLa, SW480 and IEC-6 cells using the Fugene HD
reagent (Roche, Basel, Switzerland). Twenty-four hours after transfection, cells
were incubated with TNFo (20 ng/ml) for 6 h, harvested and assayed by the
Dual-Luciferase Reporter Assay System (Fromega). The luminescence was
quantified with a luminometer (Tuner Designs, Sunnyvale, CA).

Immunafluorescence staining

HeLa cells expressing HA-tagged TRIMA40 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-
taiping anti-HA antibody (¥-11, 1 pg/mi), anti-FLAG antibody (M5, 1 pg/ml)
and anti-p65 antibody (BD, 1 pg/ml) with 0.1% bovine serum albumin and
9.1% 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, Alexa488-labeled goat anti-rabbit IgG antibody,
Alexa546-labeled goat anti-rabbit IgG antibody or Alexad88-labeled goat
anti-mouse IgG antibody (Invitrogen) with 0.1% bovine scrum albumin and
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0.1% saponin for 1 h at room temperature. The cells were further incubated
with Hoechst 33258 (1 pgfml) in PBS for 10 min, followed by extensive
washing with PBS and then photographed with a CCD camera (DP71;
Olympus, Tokyo, Japan) attached to an Clympus BX51 microscope.

Recombinant proteins

Glutathione S-transferase-tagged TRIMA0 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-TRIM40 or FLAG-TRIM4G{ARING) ¢DNA was subcloned
into pMX-puro. Retroviral expression vectors were kindly provided by
Dr Kitamura {University of Tokyo). For retrovirus-mediated gene expression,
HeLa cells were infected with retroviruses produced by Plat-A packaging cells.
Cells were then cultured in the presence of puromycin (5 pg/mi).

RNA interference

pSUPER-retro-puro  containing  a non-functional random  sequence
(5'-cagtegegtttgcgactgg-3') or the nucleotides 570-588 of rat TRIM40 cDNA
(5'-ctictetgaggeagtaaca-3") was constructed according to the protocol of the
manufacturer (OligoEngine, Seattle, WA). For retrovirus-mediated gene 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/mb.

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 TRIMA0 (GenBankTM accession number
NM_138700.3) were as follows: human GAPDH, 5'-gcanattccatggeacegt-3'
and 5'-tegeeceactigatittgg-3' and human TRIM40, 5'-caacacactgaagantgeige-3’
and 5'-chictgagggggcigaagaag-3’. The primer sequences for rat GAPDH
{GenBankTM accession number NM_017008.3) and rat TRIM40 (Gen-
BankTM accession mumber NM_001005175.1) were as follows: rat GAPDH,
§'-cacggcaagitcaacggeacagtea-3’ and §'-gigaagacgecagtagaciceacgac-3 and
rat TRIMA40, 5'-caccgggeccatactgagete-3” and 5'-ttectgagecitcageegitg-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.
Txcised 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 stalistical significance of experimental data.

Results

TRIMA40 expression in norinal 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 buman and
mouse TRIM40 as a new member of the TRIM family and we ana-
lyzed the bioclogical function of TRIM40. To examine the expression
levels of TRIM40 in several normal tissues at the protein level, we
generated a rabbit polyclonal anti-TRIMA40 antibody using recombi-
nant mouse TRIM40 protein and performed imrmunoblot 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. Immunoblot analysis wsing cell extracts from these tissues
showed that TRIMA40 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 TRIMAG in several mouse tissues and cell lines, (A) TRIM40 expression in several mouse tissues. The lysates from indicated mouse
tissues were subjected to immunoblot (IB} analysis with anti-TRIM40 antihody and anti-Hsp70 antibody as a leading control. (B) TRIM40 expression in several
cell lines, IB analysis with anti-TRIM40 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 TEC-6, mouse colon epithelial carcinoma cel! line Colon26,
human synovial sarcoma cell line SW982, mouse emblyomc fibroblast cell line NIH3T3, human pancreatic adenocarcinoma cell line MIApaca 2, human
embryonic kidney cell line HEK293T, human breast carcinoma cell line MCF7, human hepatocellalar carcinoma cell line HepG2, human lung carcinoma cell line
H1299, human adenoid cystic carcinoma cell line ACC3 and human cervical carcinoma cell Iine Hel.a. Asterisk represents non-specific band.

(Figure 1A), Furthermore, immunoblot analysis using several cell
lines showed that TRIM4{) 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 nermal intestinal cells than in
intestinal carcinoma cells.

TRIM4Q interacts with Nedd§

To examine the molecular function of TRIM40, we isolated TRTM40-
interacting proteins from an NIH 3T3 cDNA library by using a veast
two hybrid system. We obtained 16 positive clones from 1.2 x 106
transformants. Eight of the positive clones had sequence identities
with ¢<DNA encoding mouse Nedd8 (NCBI Reference Sequence:
NM_008683.3), To examine whether TRIMA40 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 Nedd8 and also is
covalently conjugated with Nedd8 (neddylation) (Figure 24). We also
confirmed interaction between FLAG-tagged TRIMA40 lacking
a RING domain [TRIM40(ARING)] and Myc-tagged Nedd8 by im-
munoprecipitation, suggesting that TRIM40(ARING) can be used as
a null-functional mutant or a dominant-negative mutant (Figure 24).
Furthermore, immunoblot analysis using anti-Nedd8 antibody showed
that overexpressed FLAG-tagged TRIMA40 is covalently conjugated
with Nedd§, but we could not show that overexpressed FLAG-tagged
TRIMA0 non-covalently interacts with Nedd8 (Figure 2A and B).
These findings suggest that TRIM40 is covalently conjugated with
Nedd8 and that TRIM40 weakly interacts with monomeric Nedd8.

TRIM40 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 IxBo phosphorylated by stimulation of TNF, followed the
activation of NF-kB-mediated transcription (12,13). To examine
whether TRIMA40 affects NF-xB activity, we performed an NF-xB
response element luciferase reporter assay. We transfected expression
vectors encoding TRIM4(O with reporter plasmids into HEK293T
cells. Six hours after stimulation with TNFe, luciferase activity was
measured. The luciferase assays showed that TRIM40 suppressed

NF-xB-mediated transcriptional activity in a dose-dependent fashion
{Figure 2C). Furthermore, stable Hela cell lines expressing FLAG-
tagged TRIM40(WT) and FLAG-TRIM4O{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 TRIM40(ARING) does not affect NF-xB activity,
suggesting 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-indnced NF-kB activity using the
human colorectal adenocarcinoma cell ine SW480 (Figure 2F). Since
a canonical NF-xB pathway can be activated by many stimulations
including stimulations with TNFo, IL-1p and lipopolysaccharide,
a luciferase reporter assay using IL-1f was performed. The luciferase
reporter assay showed that TRIM40 suppressed TL-1B-induced NF-kRB
activity (Figure 2G). These findings suggest that TRIM40 downregu-
lates NF-xB-mediated transcriptional activity.

TRIMA40 inhibits nuclear translocation of NF-xB

It has been reported that the p65 subunit of NF-kB is translocated
from the cytoplasm to the nucleus upon stimulation with TNFu (32).
To examine whether TRIM40 affects nuclear translocation of p63,
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 TNFe for 20
or 30 min and then stained with anti-p65 antibody. It was found that
P65 was concentrated in the nuclens of mock cells by treatment with
TNFo, whereas p65 was weakly concentrated in the nuclens of cells in
which TRIMA40 was highly expressed (Figure 3A and B). Immuno-
fluorescent staining showed that overexpression of TRIMA4Q inhibits
nuclear localization of endogenous p65 in HeLa cells by stimulation
with TNFg, suggesting that TRIMA40 inhibits a canonical NF-«B 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. Immuncblotting with anti-p65
antibody was performed using each subcellular fraction from cells
stimulated with TNFo. Endogenous p65 was maialy localized in the
nucleus in mock cells by stimulation with TNFe, whereas half of the
endogencus p65 remained in the cytosal in TRIMA4(-expressing cells,
suggesting that TRIM40 inhibits nuclear translocation of p65 induced
by stimulation with TNFu (Figure 3C and D).

TRIMA0 stabilizes InBu and interacts with IKK complex

Since we found that TRIM40 inhibits nuclear iranslocation of NF-xB
and NF-«B-mediated transcriptional activity, we hypothesized that
overexpression of TRIM40 would inhibit degradation of IxkBe. To
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Fig. 2. TRIMA4D interacts with Nedd8 and downregulates NF-xB activity. {A) /n vivo-binding assay between TRIM40 and Nedd§. Expression vectors encoding
FLAG-tagged TRIM40, FLAG-tagged TRIM40{AR) and Myc-tagged Nedd8 were wansfected into HEK293T cells. Cell Iysates (WCL) were immunoprecipitated
with anti-FLAG or anii-Myc antibody and immunoblotted with anti-Myc and anti-FLAG antibodies. (B) In vivo-binding assay between TRIMAO and Nedd8.
Expression vectors encoding FLAG-tagged TRIM40 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-Nedd® antibodies. (C) TRIM40 reduces TNFy-induced NF-xB
activity in a dose-dependent manmer. HEK293T cells were transfected with the NF-xB 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/uly 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 r-test. (D) Luciferase assay for

NF-kB activity using HeLa cell lines stably expressing FLAG-tagged TRIM40. Stable cell lines were transfected with the NF-kB luciferase reporter plasmid.

Twenty-four hours afier transfection, cells were treated with TNFe (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 TRIMAO(ARING). Stable cell lines were transfected with the NF-xB Iuciferase reporter plasmid. Twenty-four
hours after teansfection, cells were treated with TNFo (20 ng/pl) and cultured for an additional & h and then luciferase activity was measured. R, RING domain,

(F) TRIM4{ reduces TNFe-induced NF-&B 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 TRIM4G (300 ng). Twenty-four hours after transfection, cells were treated with TNFe (20 ngfpl)
and cultnred for an additional 6 h and then luciferase activity was measured. (G) TRIM40 teduces IL- 1 -induced NF-kB activity. HEK293T cells were transfected

with the NF-xB luciferase reporter plasmid and an expression plasinid encoding

TRIMA0 (300 ng). Twenty-four hours after transfection, cells were treated with

TL-1P (10 ng/pl) and cultured for an additional 6 h and then Inciferase activity was measured.

examine whether overexpression of TRIM40 affects the stability of
IxkBo, an expression vector encoding TRIM40 was transfected. Tm-
munoblot analysis clarified that overexpression of TRIMA40 increases
the stability of IxBe. (Figure 4A). To further confirm that TRIM40
affects the stability of IxBa, a protein stability assay using cyclohex-
imide was performed. HeLa cell lines stably expressing FL.AG-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 TiNFo, did not completely degrade IxBo even after 20 min of
stimulation, suggesting that TRIM40 suppressed TNF-induced IxBu
degradation (Figure 4B and C).

Next, we tested whether TRIM40 interacts with IKKa, IKKp and
IKKY as upstream regulators for IxBa. We transfected expression
vectors encoding HA-tagged TRIM40 or HA-tagged
TRIMAO(ARING) and FLAG-tagged IKKo, FLAG-tagged 1IKKp
or FLAG-tagged IKKy into HEK293T cells, Cell lysates were
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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 TRIMA40 was selectively co-
precipitated by anti-FLAG antibody and that FLAG-tagged IKK¢,
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 TRIMAQ{ARING} and FLAG-
tagged IKKwo, FLAG-tagged IKK(B or FLAG-tagged IKKy by
immunoprecipitation (Figure 4D, E and F). TRIM40(AR) interacts
with IKX subunits much more strongly than TRIM40(WT) does
(Figure 4D, E and F), suggesting that the RING domain may inhibit
the interaction between TRIV40 and IKK subunits. These findings
suggest that TRIM40 is contained in the IKK complex and inhibits
the degradation of IxBo in a resting state.

TRIM40 is modified by Nedd8 and prometes neddylation of IKKy

It has been reported that IKKY is regulated by several postiranslational
modifications including K63-linked or linear polyubiguitination

(33,34). Since TRIMAO interacts with Nedd8 and IKKy, we examined
whether Nedd8 affects IKKy by TRIM40. To examine whether
TRIM40 exhibits Nedd8 conjugation on IKKYy, we performed an in
vivo neddylation assay. Expression vectors encoding FLAG-tagged
IKXy, HA-tagged TRIM40, HA-tagged TRIMAO(ARING) and
Myc-tagged Nedd8 were transfected into HEK293T cells, and cell
lysates were subjected to immunoprecipitation with an antibody to
Mye and immunoblotted with an antibody to FLAG. Although FLAG-
IKKy was slightly neddylated even without overexpression of
TRIM40, overexpression of TRIM40 considerably enhanced neddy-
lation of FLAG-TKKy (Figure 5A). Next, to elucidate in detail
whether TRIM40 neddylates IKKy, we performed an i vivo neddy-
lation assay using several amounts of an expression vector HA-tagged
TRIM40. Immunoblot analysis showed that TRIM40 enhances ned-
dylation on IKKY in a dose~-dependent fashion (Figure 5B), suggesting
that TRIM40 mediates neddylation on IKKy and then possibly mod-
ulates kinase activity of the IKK complex, followed by stabilization of
IxBo. Although immunoblot analysis of IKK« and IKKB was
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Fig. 4. TRIMA40 interacts with IKK complex. (A) Upregulation of endogenous IkBe by TRIM40. Fmmunchblot analysis was performed using HeLa cells stably
expressing FLAG-tagged TRIMA40. Cell lysates were subjected to immunoblot (IB) analysis with anti-FLAG, anti-TxBe or anti-Hsp70 antibody. Anti-Hsp70 antibody
was used as a loading control. (B) TRIMA40 affects the stability of IxBet. leLa cell lines stably expressing FLAG-tagged TRIMA0 were stimulated with TNFu (20 ng/ml}
and cyclcheximide (25 pgfmi) for 050 min, Cell extracts were analyzed by immunoblotiing with anti-TxBe antibody, anti-Hsp70 antibody and anti-FLAG antibody.
Anti-Hsp70 antibody was used as 2 loading conitrol. (C) Intensity of the TxBec 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 IKKe and TRIM40, HEK293T cells were transfected with
plasmids encoding FLAG-tagged IKKo, HA-tagged TRIM40 and HA-tagged TRIMAO(ARING), followed by immunoprecipitation (P} with anti-FLAG antibody or anti-
Ha antibody. Immunoprecipitates were subjected to 1B analysis with anti-FLAG or anti-HA antibody. (E) Interaction between IKK[S and TRIMA0. HEK293T cells were
transfected with plasmids encoding FLAG-tagged IKKB, HA-tagged TRIM40 and HA-tagged TRIMAO(ARING), followed by 1P with anti-FLAG antibody or anti-HA
antibody. Immunoprecipitates were subjected fo IB analysis with anti-FLAG or anti-HA antbody. (F) Interaction between IKKy and TRIM40. HEK293T cells were
transfected with plasmids encoding FLAG-tagged IKKy, HA-tagged TRIMA0 and HA-tagged TRIMAD(ARING), followed by TP with anti-FLAG antibody or anti-HA
antibody. Immunoprecipitates were subjected to IB analysis with anti-FLAG or anti-HA antibody.

performed, neddylation of IKKe and IKXP was not observed (Figure
5C and D).

scriptional activity and that TRIM40 is an important regulator to
prevent NF-xB activation in a resting state.

Since it has been reported that NF-xB activity is upregulated in
gastrointestinal carcinomas, W& investigated the expression of
TRIM40 mRNA in buman cancers and inflammation (29,30}). Quan-
titative real-time PCR was performed and mRNA expression levels of

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

To evaluate the physiological function of TRINA40, retroviral vectors
encoding ShRRMA specific for rat TRIM40 (shTRIMA40) or non-target-
ing ShRNA as a control (Meck) were infected into 1EC-6 cells in
which TRIMA4O0 is highly expressed. After puromycin selection, a sta-
ble IEC-6 cell line in which TRIM40 is knocked down was estab-
lished, and TRIMA40 expression at protein and messenger RNA
(mRNA) levels was confirmed by immunoblot analysis and quasntita-
tive real-time PCR, tespectively (Figure 6A and B). Using these cell
lines, we performed an NF-xB response element luciferase reporter
assay. Six hours after stimulation with TNFg, luciferase activity was
measured. The luciferase assays showed that knockdown of TRIM40
enhances NF-xB-mediated transcriptional activity (Figure 6C). Inter-
estingly, knockdown of TRIMA0 caused activation of NF-kB-medi-
ated transcription even without TNFe¢ stimulation. In addition,
¥nockdown of TRIM40 increased cell growth (Figure 6D). These
findings suggest that TRIM40 downregulates NF-kB-mediated tran-
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TRIMA40 were compared in gastrointestinal cancers (including
Crohn’s disease) and normal tissues. Expression levels of TRIMA0
mRNA were lower in samples of gastric cancer (13/13), colon cancer
(3/3), rectal cancer (3/4), benign colon tamor (0/1) and Crohn’s dis-
ease (1/1) than in normal epithelia. Quantitative real-time 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 Nedd® conjugation of IKKy in human gastrointestinal
tissues, immunoprecipitation and immunoblot analysis were per-
formed using normal gastric epithelium and gastric cancer fissue from
the same patient. Cell Tysates were subjected to immunoprecipitation
with an antibody to anti-IKKy or anti-Nedd8, and the resulting pre-
cipitates were subjected 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, TRIM46 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 TRIMA40, HA-tagged TRIM40 (ARING) and Myc-tagged Nedd8, followed by immunoprecipitation (IP) with anti-Myc antibody.
Immunoprecipitates were subjected to immunoblot (IB) analysis with anti-FLAG or anti-HA antibody. (B} TRIM40 promotes neddylation of IKKy in a dose-
dependent fashion. HEK293T cells were transfected with plastnids encoding FLAG-IKKy, HA-TRIM40 (1, 3 or 6 pug), HA-tagged TRIM40(ARING) (3 ug) and
Myc-tagged Nedds, followed by IP with anti-Myc antibody. Immunoprecipitates were subjected to IB analysts with anti-FLAG or anti-HA antibody. (C and D} Jn
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anti-FLAG or anti-HA antibody.

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

Discussion

In this study, we found that TRIMA40 is highly expressed in gastroin-
testinal tissues and that TRIMA40 interacts with the ubiquitin-like pro-
tein Nedd3, We focused on the relationship between TRIM40 and
Nedd8 because Nedd8 comjugation 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 IKKy 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-kB 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 (sShTRIM40) or with non-targeting shRNA as a control (Mock). Immunoblot analysis was performed with anti-TRIMA40 or
ant-f-actin antibody. (B) TRIMA0 mRNA expression in stably knocked-down IEC-6 cell lines with shRNA specific for rat TRIM40 (shTRIM40} or with non-
targeting shRNA as a control (Mock). TRIM40 mRNA levels in these cell lines were measured by quantitative real-time PCR. (C) Knockdown of TRIMAO
enhances NE-iB-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/pl) and eltured for an additional 6 h and then luciferase activity was measired. Data are means & standard
deviation of values from three independent experiments. (D) Knockdown of TRIMA0 causes growth delay of IEC-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 valves from three independent
experiments. (B) TRIMAO0 is downregulated in human gastrointestinal carcinoinas, TRIM40 mRNA levels 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 TKKy or anti-Nedd8, and the resulting precipitates were subjected to immunoblot analysis with an antibody to anti-TKKy, anti-TRIMA0 or anti-NeddB.

N, normal tssues; C, cancer tissues,

Jmockdown of TRIMA40 promoted NF-xB activity and cell growth,
Taken together, these results suggest that TRIMA40 is 2 novel-negative
regulator against inflammation and carcinogenesis in the gastrointes-
tinal tract.

It has been reperted 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 TKK(y is an essential component for
activation of the canonical NF-xB pathway. Non-proteolytic lysine 63
(K63)-Jinked polyubiquitination has as an important role in IKK ac-
tivation in the canonical NF-xB pathway (35). IKKy 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-kB cascade (33,36,37). In addition,
IKKy is conjugated by N-terminal-linked linear polyubiquitin chains
and linear polyubiquitin of IKKYy is necessary for an NF-«B pathway
(34). In this study, we showed that overexpression of TRIM40 results
in neddylation of IKKy and inhibition of NF-xB activity and that
knockdown of TRIMA0 accelerates NF-xB activity and cell growth.
Taken together, these findings indicate that non-proteolytic polyubi-
guitin chains by K63-linked and linear types on KKy positively
regulate the TKK complex, whereas Nedd8 conjugation of IKKy
probably functions as a negative regulator for NE-xB 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 entercbacteria 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
Hpylori or inflammatory bowel diseases including Crohn’s disease
and ulcerative colitis are closely associated with cancer (26).
Evidence that has acoumulated in the past decade has suggested that
NF-«kB plays a critical role in linking inflammation and cancer
(27-30). Tissne 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 bacteriz canse 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 TNFa, 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
leukemia. Recently, NF-xB has attracted attention as a target of drugs
for cancer and immune regulation, The proteasome inhibitor Borte-
zomib, one function of which is NF-¥B 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 IKK § inhibitor MLN120B inhibits
TNFo-induced NF-xB activation, resulting in inhibiton 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
NeddS8-activating enzyme, MLN4924, dismupts 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 lymphoma cells with MLN4924
results in rapid accumulation of phosphorylated IxBe, decrease in
nuclear p65 content, reduction of NF-xB transcriptional activity,
and G, arrest, ultimately resulting in apoptosis induction, Therefore,
detailed research using MIN4924 may clarfy the function of
TRIMA40 in regulation of the NF-xB pathway. In conclusion, further
functional analysis of TRIM40 may provide therapeuntic 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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Currently, patients with peritoneal dissemination of gastric cancer
must accept a poor prognosis because there is no standard effec-
tive therapy. To inhibit peritoneal dissemination it is important to
inhibit interactions between extracellular matrices (ECM) and cell
surface integrins, which are important for cancer cell adhesion.
Although nuclear factor-kappa B (NF-xB) is involved in various pro-
cesses in cancer progression, its involvement in the expression
of integrins has not been elucidated. We used a novel NF-kB
inhibitor, dehydroxymethylepoxyquinomicin (DHMEQ), to study
whether NF-kB blocks cancer cell adhesion via integrins in a gastric
cancer dissemination model in mice and found that DHMEQ is a
potent suppressor of cancer cell dissemination. Dehydroxymethy-
lepoxyquinomicin suppressed the NF-kB activity of human gastric
cancer cells NUGC-4 and 44As3Luc and blocked the adhesion of
cancer cells to ECM when compared with the control. Dehy-
droxymethylepoxyquinomicin also inhibited expression of integrin
(02, @3, B1) in in vitro studies. In the in vivo model, we injected
44As3Luc cells pretreated with DHMEQ into the peritoneal cavity
of mice and performed peritoneal lavage after the injection of can-
cer cells. Viable cancer cells in the peritoneal cavities were evalu-
ated sequentially by in vivo imaging. In mice injected with
DHMEQ-pretreated cells and lavaged, live cancer cells in the perito-
neum were significantly reduced compared with the control, and
these mice survived longer. These results indicate that DHMEQ
could inhibit cancer cell adhesion to the peritoneum possibly by
suppressing integrin expression. Nuclear factor-kappa B inhibition
may be a new therapeutic option for suppressing postoperative
cancer dissemination. (Cancer Sci 2011; 102: 1052-1058)

P eritoneal dissemination is the most frequent process
through which gastric cancer recurs,’ and patients with
this condition must currently accept a very poor prognosis.(m)
Standard chemotherapy is currently not sufficiently effective for
improving the survival of patients with peritoneal dissemination
of gastric cancer. To inhibit peritoneal dissemination, it may be
important to control the adhesion of cancer cells to the perito-
neum. During cancer cell dissemination in the abdominal cavity,
cancer cells make contact with the basement membrane through
- 4,5)

gaps between mesothelial cells. The basement membrane
beneath mesothelial cells comprises extracellular matrices
(ECM) consisting of type 1 and 4 collagen, fibronectin or lami-
nin,® and mesothelial cells also produce ECM."” The interac-
tions between these ECM and cell surface integrins play very
important roles in cancer cell adhesion and, therefore, cancer
progression.

Cancer Sci | May 2011 | vol.102 | no.5 | 1052-1058

Integrins are membrane-bound proteins that form heterodi-
mers of o- and B-subunits at the cell surface. The o-subunits
vary between 120 and 180 kD, and are non-covalently associ-
ated with B-subunits (90-110 kD). To date, 14 o subunits and
eight B subunits have been identified, and after mutual dimeriza-
tion, these subunits contribute to cell adhesion or regulation of
signal transduction required for cell survival by making contact
with appropriate ECM.®1? 1t has been reported that integrins
o2, 93 and B1 play im}i)onant roles in the peritoneal dissemina-
tion of gastric cancer, Y and that antibodies to these integrins
suppress Peritoneal dissemination of gastric cancer in a mouse
model."?

Nuclear factor-kappaB (NF-kB) was first identified and
reported in 1986 and studied in the context of immune and
inflammatory responses.(m Nuclear factor-kappaB is a generic
term for dimers of NF-kB1 (pSO/plOS;, NF-kB2 (p52/p100), c-
Rel, RelA (p65/NF-xB3) and RelB.""> To date, involvement of
NF-kB in cancer-related molecules such as cyclin D1,%® inter-
cellular adhesion molecule-1 (ICAM-1), vascular cell adhesion
molecule-1 (VCAM-1),""” the Bcl family,""® inhibitor of apop-
tosis gAP), X-linked inhibitor of apoptosis protein (XIAP),"
p53,%? vascular endothelial growth factor (VEGF), interleukin
(IL)-8,%Y MMP“? and multidrug resistance protein 1 (MDR1),*
has been elucidated. However, NF-kB has not been reported
to be involved in cancer cell adhesion to the peritoneum via
integrins.

A low-molecular-weight NF-kB inhibitor, dehydroxymethy-
lepoquuinomicin (DHMEQ), was newly developed by Umeza-
wa.?® Dehydroxymethylepoxyquinomicin specifically inhibits
the nuclear translocation of p65 and prevents it binding to
DNA(ZS); it also has various anti-cancer effects in mouse models
without obvious side-effects. Thus far, the following anti-cancer
effects of DHMEQ have been reported: G1 arrest by inhibition
of cyclin D1 expression;*® and induction of apoptosis by inhi-
bition of cIAP and XIAP,”” or Bcl-2 and Bel-xL.%® Antitumor
effects of DHMEQ have also been reported in in vivo models
such as those for thyroid cancer,”” prostate cancer,” hepatic
cancer,”” breast cancer,® pancreas cancer,®? multiple mye-
loma,*® malignant lymphoma®® and leukemia.®

In the present study, we showed that NF-kB is associated
with integrin expression in gastric cancer cell lines and that
NF-xB inhibition by DHMEQ suppresses cancer progression
by inhibiting the adhesion of gastric cancer cells to the perito-
neum in a mouse model of peritoneal dissemination of gastric
cancer.
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Materials and Methods

Cell cultures. The human gastric cancer cell line NUGC4 was
obtained from the Japanese Cancer Research Resources Bank
(JCRB, Osaka, Japan), and 44As3Luc with luciferase activity
was constructed by one of the authors (K.Y.)A(M) The 44As3Luc
cells were derived from 44As3 cells, which is a highly perito-
neal metastatic cell line, and were stably transfected with a
pEGF-PLuc plasmid with CMV promoter (Clontech, Palo Alto,
CA, USA). Human breast cancer cell lines MCF7 with constitu-
tively low NF-«B activity and MDA-MB231 with constitutively
high NF-xB activity were obtained from the American Type
Culture Collection (Rockville, MD, USA).®" The NUGC4 cells
were cultured at 37°C in RPMI1640 (Sigma, St Louis, MO,
USA) along with 10% fetal bovine serum (FBS); the 44As3Luc
cells were cultured at the same temperature with RPMI1640
containing 100 pg/mL geneticin (Sigma); and the MCF7 and
MDA-MB231 cells were also cultured at 37°C in 95% air and
5% CO, in DMEM (Sigma) along with 10% FBS.

Dehydroxymethylepoxyquinomycin (DHMEQ). We have origi-
nally designed and developed DHMEQ (molecular weight
(MW): 261), a derivative of the natural antibiotic epoxyquino-
mycin C, to specifically target NF-«B.%*

DNA-binding activity of NF-kB. To evaluate the DNA-binding
activity of NF-xB in the steady state, 70% confluent cultures of
NUGCH4, 44As3Luc, MCF7 and MDA-MB231 in 10-cm dishes
were stored at —80°C. To evaluate the effect of DHMEQ, the
medium in the 70% confluent cultures of NUGC4 and 44As3Luc
was replaced with 10 pg/mL DHMEQ solution, incubated for
an appropriate time and stored at —80°C. The following day,
nuclear proteins were extracted and examined using a p65 Tran-
SAM kit (ActiveMotif, Carlsbad, CA, USA). The absorbance
was determined using a plate reader (Varioskan Flash, Thermo
Fisher Scientific, Waltham, MA, USA). Each experiment was
performed in triplicate.

NF-kB reporter gene assay. A GFP reporter gene construct
was transfected using Cignal Reporter Assay kits (SA Bio-
sciences, Frederick, MD, USA). Cultured cells were trypsinized
and resuspended in Opti-MEM (Invitrogen, Carlsbad, CA, USA)
with non-essential amino acids (Invitrogen) without antibiotics
at a concentration of 2 x 10° cells in a 96-well plate. Cells were
transfected with the reporter by culturing for 16 h with Surefect
(SA Biosciences). After the medium was replaced with Opti-
MEM with penicillin/streptomycin, the cells were incubated for
an additional 8 h. The medium was then replaced with Opti-
MEM containing 10 pg/mL of DHMEQ (or 0.024% of DMSO
for the controls). The intensity of fluorescence was measured at
appropriate times in triplicate using Varioskan Flash (excitation,
470 nm; emission, 515 nm).

mRNA expression of integrins in DHMEQ-treated cells. Real-
time PCR was used to examine mRNA expression. The
44As3Luc cells were cultured in triplicate in 0.024% DMSO
solution (controls) or in 10 pg/mL DHMEQ for the appropriate
times. Total RNA was isolated using an RNeasy mini kit (Qia-
gen, Valencia, CA, USA) in accordance with the manufacturer’s
instructions. For cDNA synthesis, ReverTra Ace qPCR RT kit
(Toyobo, Osaka, Japan) with Oligo(dT) 20 primer (Toyobo) was
used in accordance with the manufacturer’s instructions. For rel-
ative quantification by PCR, each cDNA product was analyzed
in a LightCycler (version 1.4) using a QuantiTect SYBR Green
PCR kit (Qiagen).

Flow cytometric analysis of integrin expression. po5 silencing
was performed using p65 siRNA2 (BD Biosciences, Bedford,
MA, USA). Next, 50% confluent cells were incubated for 24 h
in medium without antibiotics in 10-cm dishes. Then, 33 nM
p65 siRNA was added to each dish and transfected for 48 h. poSs
silencing was confirmed by western blot analysis using primary
antibodies against X500 o-tubulin and x1000 p65 protein (Cell
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Signaling, Beverly, MA, USA) and x5000 goat anti-mouse IgG
for tubulin or anti-rabbit IgG for the p65 protein. With regard to
DHMEQ treatment, the medium in 70% confluent cell cultures
in 10-cm dishes was replaced with 10 pg/mL DHMEQ solution
(0.024% DMSO for the controls) and cultured for the appropri-
ate times. These cells were trypsinized and analyzed using flow
cytometry (FACS Caliber; Becton Dickinson, Franklin Lakes,
NJ, USA). The antibodies used for these assays were integrin
o2, integrin o3, integrin B1 and isotype controls for these inte-
grins. All antibodies were obtained from R&D Systems (Minne-
apolis, MN, USA).

Adhesion assay. We evaluated the anti-adhesive effect of
DHMEQ by using a plate pre-coated with ECM constituting the
peritoneal basement membrane. The medium in 70% confluent
cell cultures in 10-cm dishes was rteplaced with 10 pg/mL
DHMEQ solution (or 0.024% DMSO for the controls), and the
dishes were incubated for 24 h. These cells were trypsinized,
assembled, adjusted to a concentration of 1 X 10° cells/mL with
RPMI and distributed on the pre-coated plates (80 pL per plate).
Next, the cells were incubated at 37°C for 1 h. Except for the
non-treated plate, all plates were washed three times with
100 pL of FBS-free RPMI. After washing, 10 pL of x50 diluted
Cell Counting kit F (CCKF; Dojindo, Osaka, Japan) was added
to each well, and the fluorescence intensity of the remaining live
cells (adhesive cells) was evaluated using Varioskan Flash at
30 min after CCKF administration (excitation, 490 nm; emis-
sion, 515 nm). Pre-coated plates were manufactured by BD Bio-
sciences and the ECM coated on the plates were types 1 and 4
collagen, fibronectin and laminin.

DHMEQ cytotoxicitg assay. The cells were seeded into 96-
well plates at 5 x 10° cells/well in 10% FBS-containing med-
jum. Twenty-four hours later, the medium in the wells was
replaced with different concentrations of DHMEQ solution or
0.048% DMSO solution, and the cells were then incubated again
for 24 h. Lactate dehydrogenase (LDH) activity of the super-
natant was measured using an LDH cytotoxicity detection kit
(Takara Bio, Shiga, Japan).

Animal experiments. Six-week-old male BALB/c-nu/nu
mice, each weighing approximately 20 g, were obtained from
CLEA Japan, Inc. (Tokyo, Japan). The mice were grouped as
follows: (i), implantation of DMSO-treated cells; (ii) implanta-
tion of DHMEQ-treated cells; (iii) implantation of DMSO-
treated cells with peritoneal lavage; and (iv) implantation of
DHMEQ:-treated cells with peritoneal lavage. Each group com-
prised four mice. Then, 2 X 10® 44As3Luc cells, which had been
treated with 10 ng/mL DHMEQ (or 0.024% DMSO for the con-
trols) for 24 h, were injected intraperitoneally into the above
mentioned mice. One hour after injection, laparotomy and peri-
toneal lavage were performed using phosphate-buffered saline
(PBS). Peritoneal lavage was performed through a 1-cm incision
through which 5 mL of PBS was slowly injected. Bio-imaging
was performed before and after the peritoneal lavage, and on
days 2, 5, 10, 15 and 20 in order to evaluate cancer progression.
Luminescence was evaluated at approximately 7 min after intra-
peritoneal injection of 1500 pg/mouse p-luciferin potassium salt
(Synchem OHG, Altenburg, Germany). In vivo imaging was per-
formed using Photon Imager Hu (Biospace Lab, Paris, France)
with the mice under isoflurane anesthesia (Abbott Japan, Tokyo,
Japan). Images were captured using Photo Acquisition 2.6 (Bio-
space Lab) with 0.5 min exposure and processed using Photo
Vision Plus. Signal intensity was quantified as the sum of all
detected photon counts (count per minute [CPM]) within the
region of interest (ROI). All procedures involving animals and
their care were approved by the Bthics Committee of Hokkaido
University in accordance with institutional and Japanese govern-
mental guidelines for animal experiments.

Scanning electron microscopy (SEM) of the peritoneal
wall. The peritoneal walls of mice injected with cancer cells
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were fixed with 10% formaldehyde for 180 min and then over-
night at 4°C with 1.25% glutaraldehyde solution. The fixed sam-
ples were dehydrated in a 30-100% graded ethanol series and
immersed in tert-butyl alcohol ovemight at —20°C. These sam-
ples were dried using ES-2000 (Hitachi High-Technologies Co.,
Tokyo, Japan) for 3 h and ion-sputtered using E-1030 (Hitachi)
for 120 s. The peritoneal surface was observed under a scanning
electron microscope (S-3500N; Hitachi).

Statistics. The mean and SD were calculated for all variables,
except the data from the flow cytometry. Between-group statisti-
cal significance was determined using the Student’s ¢ test.
P < 0.05 was considered as statistically significant.

Results

DHMEQ effectively suppresses p65-DNA binding activity in
gastric cancer cells. In the steady state, the p65-DNA binding
activities in NUGC4 and 44As3Luc cells were as high as that in
MDA-MB231 cells, a positive control cell with high binding
activity. The activity in MCF7 cells is constitutively low as pre-
viously reported @V and hence these cells were used as the neg-
ative control (Fig. 1A). The binding activities in both cells
reached their lowest levels 2 h after the addition of 10 pg/mL
DHMEQ (as a final concentration) and returned to initial condi-
tions within 24 h (Fig. 1B). A GFP reporter assay showed that
DHMEQ significantly suppresses transcriptional activity in both
cells (Fig. 1C). On the basis of these results, we considered that
DHMEQ had a similar effect in NUGC4 and 44As3Luc cells.
Therefore, we used 44As3Luc cells in the following experi-
ments. We planned to evaluate cancer progression using bio-
imaging.

Effect of NF-xB inhibition on integrin expression. In
44As3Luc cells, the mRNA of all integrins — o2, o3 and B1 —
were significantly suppressed 2 h after the addition of 10 pg/mL
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DHMEQ (as a final concentration) compared with the control to
which DMSO was added (Fig. 2A). The percentage reduction in
the expressions of integrins o2, o3 and B1 was 27%, 31% and
8%, respectively. Flow cytometric analysis revealed that the
expressions of all cell surface integrins on 44As3Luc cells were
gradually suppressed after the addition of DHMEQ (Fig. 2B).
Reductions in integrin expression (02, o3 and B1) following
DHMEQ addition was 68%, 83% and 45% at 24 h, respectively.
Similarly, flow cytometric analysis of integrins o2, o3 and Bl
revealed that the expressions of cell surface integrins in p65-
deleted cells were suppressed to the same degree as in DHMEQ-
treated cells (Fig. 2C). Reductions in integrin expression after
po5 deletion were 34% (02), 76% (03) and 41% (B1). p65
silencing was confirmed by western blotting for nuclear and
cytoplasmic p65 proteins (Fig. 2D).

Anti-adhesive effect of DHMEQ-treated cells in an in vitro
assay. Significantly fewer 44As3Luc cells treated with
10 pg/mL. DHMEQ (final concentration) remained alive on
plates pre-coated with ECM after they were washed (ECM-
adhesive cells) than 44As3Luc cells treated with DMSO
(Fig. 3A). Reductions in the numbers of adhesive cells follow-
ing DHMEQ addition were 18.3% (laminin), 34.8% (fibronec-
tin), 38.2% (type 1 collagen) and 43.5% (type 4 collagen). The
LDH value, which represents the cytotoxic effect, was signifi-
cantly elevated in the supernatant of cells treated with DHMEQ
at concentrations >17.5 pg/mL (Fig. 3B).

Effect of peritoneal lavage on implantation of DHMEQ-treated
cancer cells on the abdominal wall. The number of cancer cells
decreased in mice injected with DHMEQ-pretreated cells and
subjected to peritoneal lavage (Fig. 4A). The intensity of bio-
luminescence after lavage was significantly reduced (reduction
rate, 39%) in mice that were injected with DHMEQ-pretreated
cells and subjected to peritoneal lavage compared with in mice
injected with DMSO-pretreated control cells and subjected to
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Dehydroxymethylepoxyquinomicin (DHMEQ) effectively suppressed p65-DNA binding activity in gastric cancer cells. (A) Nuclear p65

protein binding activity to DNA in a steady state. MDA-MB231 cells were used as a positive control, and MCF7 cells were used as a negative one.
*P < 0.05. (B) Time course of binding activity of nuclear p65 proteins to DNA in DHMEQ-treated cells. The binding activities of both cells were
assessed at 2, 6, 12, 24 and 48 h after DHMEQ administration. *Significantly <0 h (P < 0.05). (C) Nuclear factor-kappa B (NF-xB) GFP reporter
assay. The black bars show cells treated with DMSO, and white bars show those with DHMEQ. *Significantly more than controls (P < 0.05). OD,

optical density.
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Fig. 2. Effect of nuclear factor-kappa B (NF-xB) inhibition on expression of adhesion molecules. (A) Quantitative evaluation of mRNA of
integrins by real-time PCR. The graph shows the average of the ratio of copies of dehydroxymethylepoxyquinomicin (DHMEQ)-treated 44As3Luc
cells to DMSO-treated cells at 2 h after DHMEQ administration. When the longitudinal value is below 1 (bold line), the integrin expression of
DHMEQ-treated cells is lower than that of DMSO-treated cells. *Significantly less than controls (P < 0.05). (B) Expression of cell surface integrins
of DHMEQ-treated cells. The graph shows the expression rate of cell surface adhesion molecules of 44As3Luc cells treated with DHMEQ
compared with that of DMSO-treated cells for each time point. The bold line is as described above. (C) Expression of cell surface adhesion
molecules of cells knocked down by p65 siRNA. The graph shows the rate of cell surface integrins of 44As3Luc cells knocked down by p65 siRNA.
The bold line is as described above. (D) p65 deletion. The p65 deletion was confirmed by western blotting.
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Fig. 3. Anti-adhesive effect of dehydroxymethyl- i
epoxyquinomicin (DHMEQ) pretreated cells in the 3
in vitro study. (A) Adhesion assay. The bars show = 014
the fluorescence intensity of the remaining live cells E
on the plates. The black bars show cells pretreated 0.054

with DHMEQ, and white bars show those with
DMSO. *Significantly less than controls (P < 0.05).
(B) Evaluation of cytotoxicity of DHMEQ. The graph (i
shows lactate dehydrogenase (LDH) activity of the
supernatant of the 44As3Luc cells treated with
DHMEQ or DMSO. *P < 0.05. OD, optical density. DMSO(®

peritoneal lavage (Fig. 4B). The SEM revealed that cancer cells Follow up of gastric cancer dissemination by in vivo
adhered less to the basement membrane of the peritoneum in  imaging. The DHMEQ-pretreated 44As3Luc cells injected in
mice injected with DHMEQ-pretreated cells than in those mice grew slowly compared with the DMSO-pretreated
injected with DMSO-pretreated control cells (Fig. 4C). cells (Fig. 5A). The increase in the CPM/mm” value of the
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Fig. 4. Peritoneal lavage inhibited cancer cells
pretreated with dehydroxymethylepoxyquinomicin
(DHMEQ) from implanting into the abdominal wall.
(A) In vivo imaging at around the time of
peritoneal lavage. The luminescent value indicates
the number of live cells in the abdominal wall.
Pre/Post means before/after the peritoneal lavage.
(B) Count per minute (CPM)/mm? value of pre/post
peritoneal lavage. The graph shows the time course
of the CPM/mm? value compared with the time of
cancer cell injection. Initial values were adjusted to
1. *Significantly less than controls (P < 0.05). (C)
SEM findings of the peritoneum. Left: abdominal
wall injected with 44As3Luc cells pretreated with
DHMEQ. Right: those with DMSO. The area
indicated by black arrowheads is the area exposed
to the peritoneal cavity. White arrowheads show
the adhesive cancer cells.

Fig. 5. Follow up after peritoneal lavage. (A)
Follow-up imaging of mice subjected to peritoneal
lavage. The range bars were adjusted for mice
injected with DMSO pretreated cells at every

;
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evaluation day. (B) Time course of the count per
minute (CPM)/mm? value. The black line represents
the mice that were injected with DMSO-pretreated
cells, and the broken line represents those injected
with dehydroxymethylepoxyquinomicin (DHMEQ)-
pretreated cells. *Significantly less than controls
(P < 0.05). (C) Kaplan-Meier analysis of the survival
of all groups. The line is as described above. The
line with markers represents mice subjected to
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DHMEQ-treated cells was significantly delayed. The error bar
of the CPM/mm” value of the DMSO-pretreated group ranged
widely, because malignant ascites possibly obscured lumines-
cent emission at the terminal stage (Fig. 5B). Survival was only
significantly prolonged in mice injected with DHMEQ-treated
cells and subjected to peritoneal lavage (Fig. 5C).

Discussion

NF-kB is undoubtedly involved in various blologxcal propertxes
of cancer cells.®> However, its involvement in the expression
of integrins, which are associated with cancer cell adhesion to
the peritoneum, has not been reported. In the present study, we
investigated whether NF-kB is involved in cell adhesion to the
peritoneum via regulation of integrin expression, and whether
DHMEQ), as a novel NF-kB inhibitor, suppresses the dissemina-
tion of gastric cancer in a mouse model.

1056

peritoneal lavage. *Significantly prolonged than all
other groups (P < 0.05).

Several investigators reported that NF-xB act1v1tz is associ-
ated w1th peritoneal dissemination of cancer cells.®®>% Sasaki
et al.®® evaluated human gastric cancer tissues by immunohis-
tochemical analysis, where NF-xB activation was significantly
correlated with peritoneal metastases and survival. Our results
in the present study support the previously reported data that
NF-xB activity of gastric cancer cell lines was markedly acti-
vated and with highly metastatic behavior, and that DHMEQ
sufficiently inhibited NF-xB activity and eventually suppressed
the peritoneal dissemination.

Integrins are also associated with malignant potential. S
Integrins play an important role in cancer cell adhesion to the
peritoneum by enabling contact with appropriate ECM. Ooster-
ling et al.*?” showed that anti-p1 integrin antibody reduces
surgery-induced adhesion of colon carcmoma cells to trauma-
tized peritoneal surfaces. Fishman et al.*® showed similar find-
ings using ovarian cancer cell lines in the in vitro analysis. With
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regard to gastric cancer, integrins o2, o3 and B1 are key mole-
cules in animal models and humans. 11,12:4546) The Jigands of in-
tegrin 02B1 are collagens and laminin, and those of o3B1 are
fibronectin, laminin,and collagens. 10 1y our in vitro study,
DHMEQ suppressed cancer cell adhesion to the peritoneum via
p65-mediated suppression of integrin expression. Also, Takatsu-
ki er al.®® reported that anti-o3 antibody strongly suppressed
the adhesion of gastric cancer cells to mice peritoneum. This
integrin o3 was suppressed most by DHMEQ in this study.
Therefore, DHMEQ may suppress cancer cell adhesion mainly
via integrin o3, while DHMEQ may associate with other
adhesion molecules that are not examined in this study.

In our in vivo study, viable cells in mice injected with
DHMEQ-treated cells and subjected to peritoneal lavage still
decreased on day 2 and only this group survived significantly
longer. This finding might suggest that DI—IME(% exerts another
effect via the anti-adhesive effect. Jiang ef al.*” reported that
NF-xB inhibition by IkBB reduces anchoraée-independent
growth in a lung cancer cell line. Scaife et al.®® showed that
NF-xB inhibitor causes anoikis in a human colon cancer cell
line. It might be possible that DHMEQ is associated with a pro-
anoikis effect in gastric cancer dissemination.

In the present study, we first demonstrated that NF-xB could
play a pivotal role in the progression of gastric cancer via the
regulation of integrin expression and promotion of adhesion of
cancer cells to the peritoneal wall. In our in vivo study, a specific
deletion of NF-kB (p65) by siRNA was not performed, because
we considered that transient deletion of p65 protein does not
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