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Fig. 2. Cell viability for the different sizes of the QDs and different cell types. Three of the different sizes of QDs are tested on the cell

5). The top three pancls stand for the cell viabilities of Vero cells, those in the middle for

Hel a cells, and those in the bottom for primary human hepatocyte. The three panels in the left lane stand for QD640, those in the mid-
dle lane for QD570, and those in the right lane for QD520. In each panel, the horizontal axis stands for the concentration of QD, and the

viability for each cell type (MTT assay, n

vertical axis stands for the absorbance at 450 nm. The columns in all the panels stand for the amount of hormazan, which reflect the cell
viability, and I is standard deviation. A T-test was performed; * stands for the significance level <0.01, and ** stands for the significance

level <0.001.
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Fig. 3. Flow cytometry assay with the different concentrations of QD, Vero cell and QD520 are used for the flow cytomeltry assay. The
horizental axis, in the left lane, is the fluorescent intensity of propidium iodide with the filter (565 nm—6035 nmy), and in the right lane, the
fluorescent intensity of QD520 with the filter (515 nm—545 nm). The vertical axes, in both the columns, stand for the cell count. Each
row, from the top to the bottom, is given with respect to the concentration of QD520. In each row, the lefi panel and the right panel show
the result with the same sample measured with a PI filter (left) and a QD filter (right), respectively.
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QD640. It has been strongly suggested that the mobility
of the MUA-QD:s inside the cell depends on the size of
the MUA-QDs (22). This might also explain the differ-
ence in the cell damage in our study.

In order to utilize quantum dots for humans, further
study should be done on the relationship between the
cell type and MUA-QD cell damage, an estimate of the
mutation rate in bacteria and carcinogenesis in animals
should be done and research into the mechanism of
cyto-toxicity is needed. So far there is currently insuffi-
cient information about the discharge of MUA-QDs
from living organisms.

We are grateful to Dr. Ohta of Tokyo University of Pharmacy
and Life Science for his help with data collection, and proof-
reading. This work was supported by Grant ‘H14-nano-004" of
the Ministry of Health, Labour and Welfare of Japan.
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Biological context

Human LECT2 (leukocyte cell-derived chemotaxin
2} is a 16-kDa chemotactic protein consisting of
133 amino acids and three intramolecular disulfide
bonds. The protein was first purified from the cul-
ture fluid of phytohemagglutinin-activated human T-
cell leukemnia SKW-3 cells as a chemotactic factor
to human neutrophils (Yamagoe et al., 1996) and its
cDNAs were cloned from ¢DNA libraries of human,
bovine, and murine livers (Yamagoe et al., 1998a,b).
LECT?2 is identical to chondromodulin-II (Hiraki et
al., 1996), a bovine protein that stimulates the prolif-
eration of chondrocytes and osteoblasts (Shukunami
et al., 1999). A point mutation in LECT2 (Val58 to
Ile58) is associated with the severity of rheumatoid
arthritis (RA) (Kameoka et al.,, 2000). No tertiary
structure has been solved so far for LECT2 and its re-
lated proteins. In order to reveal the three-dimensional
structure of LECT2 and the effect of the point muta-
tion on its conformation, we are doing NMR structural
analysis of human LECT2. Here we report the 'H,
15N, and '3C resonance assignments.

Methods and experiments

Human LECT2 (the 133-amino acid mature form,
residue numbers 19-151) with an N-terminal Hisg-tag

*To whom comespondence should be addressed. E-mail:
amtanok @mail.ecc.u-tokyo.ac.jp

was produced in E. coli as inclusion bodies, and rena-
tured in vitro by a three-step refolding procedure (Ito
et al., 2003). To prepare stable isotope-labeled protein,
BNH4Cl (> 99% °N) and 13C-glucose (> 99% 13C)
were used as the sole nitrogen and carbon sources,
respectively. The samples used for NMR measure-
ments were 1 mM '*N-labeled and !*C/!*N-labeled
(His)s-LECT2 dissolved in 50 mM Na;SQ4 in 85%
H;0/10% D20/5% glycerol (pH 6.0, direct meter
reading). NMR spectra were recorded at 298 K on
Varian Unity Inova NMR spectrometers operated at
1H frequencies of 500- and 750-MHz and equipped
with triple-resonance z-gradient probes.

Sequence-specific backbone assignments were
elucidated from 3D data of HN(CO)CA, HNCA,
CBCA{CO)NH, HNCACB, CBCANH, HNCO, and
(HCA)CO(CANH. C{(CO)NH was used to con-
firm amino-acid types. For side-chain 'H as-
signments, H(CCO)NH, HCCH-TOCSY, HCCH-
COSY, "“N-edited TOCSY, !’N-edited NOESY,
and 2D NOESY were used. 'H chemical shifts
were directly referenced to the resonance of 2,2-
dimethyl-2-silapentane-5-sulfonate (DSS), while 13C
and N chemical shifts were referenced indir-
ectly to DSS (Wishart et al, 1995). NMR data
were processed using NMRPipe/NMRDraw (Delaglio
et al, 1996). Visualization of transformed data
and peak-picking were carried out using Sparky
(http:ffwww.cgl.ucsf.edwhome/sparky/). Secondary
structure was predicted using CSI (Wishart and Sykes,
1994).
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Figure 1. 'H-'5N HSQC spectrum of (His)g-LECT2 at 298 K. Amino acid labels were omitted from the middle of the HSQC for clarity.

*indicates Trp side chain.

Extent of assignments and data deposition

Most of backbone resonances (90% of °N, 90% of
HY, 92% of C*, 76% of H, 92% of CP, and 79%
of C’') and a part of aliphatic side-chain resonances
have been assigned and deposited in the BioMagRes-
Bank (http://www.bmrb.wisc.edu) under an accession
number of 6025.

Figure 1 shows the 'H-’N HSQC spectrum of
ISN/3C-labeled (His)s-LECT2. A six-residue seg-
ment ranging from 100 to 105 and six other residues at
positions 19, 24, 25, 38, 51 and 143 remain unassigned
as well as the N-terminal Hiss-tag. The assignments
of these residues have been hampered due to severe
overlaps of NMR signals and possible fast exchanges
of HY involved.

The secondary structure prediction by CSI indic-
ates that LECT2 contains several p-strands but no a-
helix, which is consistent with the far-UV CD (circular
dichroism) data (Ito et al., 2003).
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Identification of the Leukocyte Cell-Derived
Chemotaxin 2 as a Direct Target Gene of
p-Catenin in the Liver

Christine Ovejero,' Catherine Cavard,! Axel Périanin,? Theodorus Hakvoort,? Jacqueline Vermeulen,? Cécile Godard,'

Monique Fabre,? Philippe Chafey,! Kazuo Suzuki,’ Béatrice Romagnolo,! Satoshi Yamagoe,’ and Christine Perre!

To clarify molecular mechanisms waderlying liver carcinogenesis induced by aberrant acti-
vation of Wnt pathway, we isolated the target genes of B-catenin from mice exhibiting
constitutive activated B-catenin in the liver. Adenovirus-mediated expression of oncogenic
P-catenin was used to isolate carly targets of B-catenin in the liver. Suppression subtractive
hybridization was used to identify the leukocyte cell-derived chemotaxin 2 (LECT2) gene as
a direct target of B-catenin. Northern blot and immunohistochemical analyses demonstrated
that LECT2 expression is specifically induced in different mouse models that express acti-
vated B-catenin in the liver. LECT2 expression was not activated in livers in which hepato-
cyte proliferation was induced by a f-catenin-independent signal. We characterized by
mutagencsis the LEF/TCF site, which is crucial for LECT2 activation by f-catenin. We
further characterized the chemotactic property of LECT2 for human neutrophils. Finally, we
have shown an up-regulation of LECT2 in human liver tumors that expressed aberrant
activation of B-catenin signaling; these tumors constituted a subset of hepatocellular carci-
nomas (HCC) and most of the hepatoblastomas that were studied. In conclusion, our results -
show that LECT2, which encodes a protein with chemotactic properties for human acutro-
phils, is a direct target gene of Wat/f-catenin signaling in the liver. Since HCC develops
mainly in patients with chronic hepatitis or cirrhosis induced by viral or inflammatory
factors, understanding the role of LECT2 in liver carcinogenesis is of interest and may lead

to new therapeutic perspectives. (HEPATOLOGY 2004;40:167-176.)

epatoccllular carcinoma (HCC), the major pri-
H mary liver cancer, is becoming increasingly
common worldwide.! The prognosis for pa-
tients with HCC is rather poor. The molecular changes

Abbreviasions: HCC, heparocellular carcinoma; GS, glusamine symsherase;
LECT2, leskocyer cell-derived chemosexin 2; SSH, suppression submactive hybrid-
izasion; cDNA, complementary DNA ; PMN, polymorphonuslear lewkocyses; PCR,
polymerase chain reaction; HBSS, Hanks' Balanced Sak Solution; ISH, in situ
bybridization; SDS-PAGE, sodium dodecyl sulfare-polyacrylamide gel electraphore-
sis; fMLP, N-formyl-marhionyl-leucyl-phenylalaning RT-PCR, reverse-manscrip-
caie polymerase chain reaction; HA-cagged, influenza hemagglusinin-tagged
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underlying HCC remain largely unknown despite the fact
that major risk factors, such as chronic hepatitis B or C
infection and exposure to hepatocarcinogens like afla-
toxin Bl, are well recognized. Several genetic changes
have been implicated in at least 3 pathways of carcinogen-
esis, specifically, the p53, RB and Wnt/B-catenin signal-
ing pathways.2 Deregulation of the Wit pathway appears
to be most frequent of these changes in human HCG; it
occurs in about 30% to 40% of patients.23 It also occurs
in more than 90% of hepatoblastomas, which are rare
embryonal liver tumors.4 Mutations affecting 2 partners
of the Wnt pathway have been found in liver cancers. One
is a mutation that activates the B-catenin gene, Such mu-
tations occur mainly in hepatids B-negative HCC3 and in
more than 50% of hepatoblastomas.$7 The other is a
mutation that inactivates the axin 1, and, less commonly,
the axin 2 gene.3®9 Mutations that activate the Wnt path-
way result in B-catenin accumulation in the nucleus. This
process, in association with LEF/TCF wranscription fac-
tors, modulates the transcription of target genes.1911 It is
now clear that the genetic program triggered by activation
of B-catenin signaling depends on the cellular context.
The f-catenin target genes ¢-my¢ and cyclin D1 are well

167
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recognized!213; neither c-myc¢ nor cyclin DI were in-
duced in the liver of transgenic mice that express an on-
cogenic form of B-catenin, although such mice exhibit
hepatomegaly and marked hepatocellular proliferation.!4
We used several mouse models in which B-carenin signal-
ing in the liver is activated to identify liver-specific target
genes of the Wnt pathway that may be implicated in the
development of liver cancer. We have identified 3 com-
ponents of the metabolic pathway of glutamine and have
demonstrated that the glutamine synthetase (GS) gene,
which is frequently overexpressed in HCC, is a zarget of
B-catenin signaling.!>

To search for early genes that are sensitive to deregula-
tion of the Wnt/B-catenin pathway in the liver, we used
mice infected with an adenovirus that encodes an onco-
genic form of B-catenin. We have previously shown that
activation of the Wnt pathway using this approach may
be achieved as early as 48 houts postinfection.!? This re-
port describes the identification of a new B-catenin tatget
gene, leukocyte cell-derived chemotaxin 2 (LECT2),
which is expressed in the liver,

Materials and Methods

Animals. All procedures involving animals reported
in this paper were carried out in accordance with French
government regulations (Services Vétérinaires de la Santé
et de la Production Animale, Ministére de I'Agriculeure).
L-PK/c-myc,? AN131B-catenin, and ASV'¢ transgenic
mice have been previously described.

Adenoviral Gene Transfer. The adenoviruses
AdGFP, AdLacZ, and AdBcatS37A have been described
previously.!” B6D2/F1 mice were injected intravenously
with § X 10° plaque-forming units of AdGFP, AdLacZ,
or AdBcatS37A, and were sacrificed 48 hours later.

Suppression Subtractive Hybridization (SSH). We
generated complementary DNA (cDNA) from 1 ug
poly(A}+ RNA isolated from the livers of 3 mice injected
intravenously with AdBcatS37A (tester) and 6 mice in-
jected intravenously with AdLacZ or AdGFP (driver) us-
ing the SMART PCR ¢DNA Synthesis Kit (BD
Biosciences, Paris, France}). SSH was undertaken using
the PCR-Select cDNA Subtraction Xit {BD Biosciences,
Clontech, Palo Alto, CA) according to the manufacturer’s
protacol. The subtracted cDNA library was subcloned
into T/A cloning vector pT-Adv (Clontech, Paris, France)
and transformed to ElecroMAX DHI10B cells (Invitro-
gen, Carlsbad, CA). The library was plated on LB-ampi-
cillin plates and incubated at 37°C overnight. Individual
clones of the library were plated on LB-ampicillin 96
plates and 2 replicas were made using Hybond N+ (Am-
ersham Biosciences, UK} nylon membranes. For differen-
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tial screening, replica filters were hybridized with 32P-
labeled subtracted tester end driver probes. Blast search
was used to analyze sequence homologics in the gene da-
tabase.

Human Tumor Samples and RNA Sources. All tu-
mor samples were obtained from surgical liver resections.
RNA samples were extracted from frozen liver sections.
HCC RNA samples were obrained; 29 RNA samples were
kindly provided by Dr. Marie-Annick Buendia {Institut
Pasteur, France} and 22 RNA samples were extracted
from tumeor samples obtained at Cochin Hospital (Paris,
France). These tumor samples were evaluated for the pres-
ence of mutations that activate the B-catenin gene as pre-
viously described.? Liver specimens were obtained from
patients with hepatoblastoma managed at the Bicktre
Hospital (Le Kremlin-Bicétre, France}. All of these pa-
tients had received preoperative chemotherapy. Samples
were fixed in 10% neutral buffered formalin and were
embedded in paraffin. Hepatoblastoma RNA samples
were kindly provided by Dr Marie-Annick Buendia (In-
stitut Pasteur, France). According to French law and eth-
ical guidelines, no informed consent is required before
analysis of RNA samples from specimens of resected tissue
that would otherwise be discarded.

Preparation of Polymorphonuclear Leukocytes.
Heparinized human venous blood was obtained from
healthy volunteers. Polymorphonuclear leukocytes
(PMN) were isolated using a 2-step sedimentation.
Whole heparinized {10 units/mL) blood on 2% Dextran
T500 in saline was centrifuged, and the granulocyte-rich
supernatant was then centrifuged on a Ficoll-Hypaque
cushion (Eurcbio, Paris, France), as previously de-
scribed.!® Purified PMN (95%-97 %) were subjected to
hypotonic lysis for 30 seconds, washed, and suspended in
Hanks' Balanced Salt Solution (HBSS) containing 1.2
mmol calcium at pH 7.4.

Cell Transfection Studies. Huh7 and HepG2 cells
were maintained in DMEM containing 10% (vol/vol) calf
serum. Transient transfections were undertaken when cells
were 60% to 70% confluent in 12-well plates, using Lipo-
fectamine Plus Reagent (Invitrogen). A TK-Renilla plasmid
{10 ng) was included in each transfection as a reference for
monitoring transfection efficiency. Cells were lysed 24 hours
after transfection and the luciferase and Renilla activities
were assayed using Dual Luciferase Reporter Assay (Pro-
mega, Madison, WI). All experiments were undertaken in
duplicate and were repeated at least 3 times. The total
amount of transfected DNA waskept constant by adding the
empty expresssion vector pCAN. The AN89p-catenin-
pCAN expression vector was kindly provided by P. Polakis
(San Francisco, CA), and the expression plasmid encoding
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ANT cf4 was kindly provided by H. Clevers (Uteche, The
Netherlands).

Plasmid Constructs. The sequences of the human
and mouse LECT2 genes have already been de-
scribed.1?2° The human and mouse promoters were syn-
thesized from human and mouse genomic DNA by
polymerase chain reaction (PCR) cloning.'? In situ hy-
bridization (ISH) probes were prepared from full-
length human LECT2 <DNA (gi: 4504976) cloned in
the Smal site of pSP72 (Promega). Riboprobes were
synthesized from lincarized Bg/ll {sense} and Xbol (an-
tisense) plasmid. GS riboprobes were generated as pre-
viously described.?!

Northern Blotting. Total RNA was extracted from
frozen liver using the guanidium thiocyanate single-step
procedure; an aliquot (15 pg) was electrophoresed
through 1% agarose-6% formaldehyde gel. The RNA
samples were transferred to Hybond N+ (Amersham
Pharmacia) membranes and hybridized with the corre-
sponding 32P-labeled probes. '

Western Blotting. Tissues were homogenized in
Laemmli buffer {1:10 wt/vol). Total proteins (10 ug)
were separated using 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE), and were
transferred to a nitrocellulose membrane. LECT2 was de-
tected using polyclonal anti-mouse LECT2.22 The signals
were visualized using the chemiluminescence detection
system.

Radioactive In Sita Hybridization. The radioactive
ISH detection of messenger RNA sequences has been ex-
tensively described previously.?! The LECT2 probes
{both orientations) were double-labeled. Slides were ex-
posed for 7 days for GS and 21 days for LECT2.

Chemotactic Assay. N-formyl-methionyl-leucyl-phe-
nylalanine (fMLP) was purchased from Sigma (St Louis,
MO). Stock solutions were stored in DMSO at -20°C.
Recombinant mouse and human LECT2 proteins were
produced from CHO cells as previously described.2? Ran-
dom and directed migration of PMN was studied using
the Boyden chamber technique.?? Suspensions of 0.5 X
105 PMN in 100 gL HBSS containing 1% BSA were
incubated in the upper compartment of a chamber sepa-
rated from the lower compartment by a cellulose filter (3
pm diameter pores; Millipore, Bedford, MA). The lower
compartment contained various concentrations of
LECT2 or fMLP. In some experiments, the chemoattrac-
tant was placed in the PMN chamber to destroy the che-
motactic gradient. Chambers were incubated at 37°C for
40 minutes in 95% humidified air; filters were treated
with ethanol and stzined with hemalum. Unstimulated
and directed migrations of PMN were measured as the
migration front (at least 10 PMN) under a microscope.
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Five fields were analyzed for ¢ach filtet. Results, obtained
from 3 experiments, are expressed in micrometers.

Immunohistochemistry. Immunohistochemistry was
undertaken using § pum sections of formalin-fixed, paraf-
fin-embedded liver, Sections were incubated with specific
antibodies for 1 hour. The primary antibodies used were
polyclonal anti-mouse LECT2,%® monoclonal anti-G$
(1/200; BD Transduction Laboratories, Lexington, KY),
monoclonal anti-B-catenin (1/500; BD Transduction
Laboratoties) polyclonal and-GFP (1/50; BD Bio-
sciences), and polyclonal andhemagglutinin (1/400;
Clontech: Roche, Basel, Switzerland). LECT2, GS,
B-catenin, GFP, and hemagglutinin (HA) were visualized
using an immunoperoxidase protocol (Vectastain ABC
Kit; Vector, Burlingame, CA). The proliferation marker
Ki67 was detected immunohistochemically as previously
described. 4

Real-Time Reverse-Transcriptase (RT)-PCR Anal-
gysis. Two pg of total RNA was reverse transcribed in a
final volume of 40 pL as previously described.!4

PCR reactions were undertaken using the LightCycler
Instrument (Roche Molecular Biochemicals) and the
LightCycler FastStart DNA Master Sybr Green I Reagent
Kit (Roche Molecular Biochemicals), according to the
manufacturer’s protocol. PCR was run in 1¢ plL total
volume (2 uL of diluted cDNA corresponding to 5 ng of
total RNA and 8 pL of reaction mix containing 1 pL of
10 pumol of each primer) for 45 cycles. For cach tumor
sample, 2 teactions, 1 for the target gene and 1 for the
reference 18S ribosome RNA, were undertaken in sepa-
tate capillaries.

Quantification was undertaken using the calibrator-
normalized Relative Quantification Software. The rela-
tive target gene expression was normalized on the basis of
its 18S ribosomal content and to a calibrator which was
normal human liver. The calibrator was included in cach
run and its normalized gene expression was set at a value
1. For each tumoral liver sample, the relative gene expres-
sion was expressed as x-fold the realtive expression of the
calibrator. Primer sequences were: human LECT2 gene
lectF: §'-GGCAAGTCTTCCAATGA-3', LectR: 5'CA-
CATGCGATTGTATGC-3', human GS gene GSE:
5'AAGTGTGTGGAAGAGTTGCC-3', GSR: 5'-TGC
TCACCATGTCCATTATC-3', 185 gene: 18SEF: 5'-
GTAACCCGTTGAACCCCATT-3', 185R: 5'-CCA
TCCAATCGGTAGTAGCG.

Resuits

Identification of LECT2 Gene by SSH. We used
SSH to identify early target genes regulated by Wnt/g-
catenin signaling. The livers of mice injected with an ad-
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enovirus that encodes for an oncogenic form of B-catenin
{(AdBcatS37A, HA-tagged) or with control adenoviruses
that encode for LacZ or GFP (AdLacZ and AdGEP) were
removed 48 hours postinjection and the RNA extracted.
The resulting subtracted cDNA library was screened. We
isolated four genes that are strongly expressed: the GS
gene that we had previously isolated as a hepatic B-catenin
target gene,'” CYP2El, RNase A family 4, and the
LECT?2 gene (data not shown). We focused on the
LECT?2 gene, because our recent results of studies of
transgenic mice that lack the LECT2 gene suggested that
LECT?2 may regulate the homeostasis of natural killer T
cells in the liver and may be involved in the pathogenesis
of hepatitis LECT2 expression was substantially increased
in the livers of mice that had been injected with
AdBcatS37A (Fig. 1A). The early expression of LECT2 in
response to activated B-catenin was also confirmed in an
independent experiment. Livers were obtained from mice
that had been sacrificed after injection of AdBcatS37A or
control AUGEP. The LECT2 signal began to increase 24
houts after injection and reached a peak at 48 hours; i
then remained almost stable for up to 120 hours in
AdBcat§37A-infected livers (Fig.1B).

The distribution of LECT?2 protein in mouse liver has
not been published previously. Immunohistochemical
studies showed that LECT2 exptession is restricted to the
perivenous hepatocytes in normal mouse liver (Fig. 2C).
However, LECT2 expression was found throughout the
liver lobules of AdBcatS37A-infected mice; the distribu-
tion of oncogenic B-catenin, as revealed by HA immuno-
histochemistry, was similar. Activation of the Wnt
pathway was revealed by HA cytosolic and nuclear stain-
ing (Fig. 1C). Thus, the targeted activation of the Wnt
pathway in hepatocytes induces LECT2 expression in
these cells. In contrast, no induction of LECT2 expres-
sion was observed in AdGFP-infected livers, even though
the livers were infected to about the same extent, as judged
by GFP and HA staining (Fig. 1C).

Up-regulation of LECT2 Expression Is Linked to
an Activation of B-Catenin Signaling in the Liver.
Northern and Western blot analyses demonstrated that
LECT?2 gene expression is more strongly increased in the
liver of AN131B-catenin transgenic mice than in the liver
of a nontransgenic mouse (wild type; Figs. 2A and B). As
expected, LECT2 expression was found throughout the
liver lobule where oncogenic B-catenin was present (Fig.
2C).

We also studied L-PK/c-myc mice with liver tumors:
more than 50% of the tumors had activating mutations in
the B-catenin gene.? Qur earlicr studies of such mice
showed that activation of B-catenin signaling in liver tu-
mors was associated with the overcxpression of the gene
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Fig. 1. ldentification of LECT2 as a potential B-catenin target gene In
Infected Hiver of mice. (A) LECT2 gene expression in adenovirus-Infected
livers used for the SSH library. RNA samples from livers of mice used for
the SSH library, tnfected with recombinant adenoviruses that encoded for
GFP, Lac Z (Ad.Cont), or an activated B-catenin (Ad.BcatS3TA) were
evaluated by Northem biotting. Blots were standardized with fbosomal
probe R45. (B) LECT2 gene expression In adenovius-infected livers. Mice
were Injected with the indicated adenoviruses and saciificed 12, 24, 48,
or 120 hours after Injection {2 mice for each time point). RNA from
Infected livers was evaluated by Nothem blottng. (C) Distdbution of
LECT2 In adenovirus-infected dlvers. {2 and d) Sections of fiver Infected
with adenoviruses for 120 hours were assessed for distribution of LECT2,
{b and e) transgene expression, and (c and f} proliferation by KI-67
Immunchistochemical stalning. Transgene expression was assessed us-
Ing (b) GFP Immunohistochemical stalning and (e) HA Immunohisto-
chemical staining that vistrallzed HA-\agged B-catenin S37A. Activation
of p-catenin signaling was revealed by cytosollc and nuclear HA Immu-
nohlstochemical stalning. {a, b, and ¢) Livers infected with adenoviruses
encoding GFP {Ad.GFP) for 120 hours. {Magnification, X200). {d, e, and
f) Livers Infected by AdBcatS37A for 120 hours,
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Ag. 2. LECT2 and GS gene expression In the livers of AN131p-
catenin and PK/c-myc transgenic mice. (A) LECT2 gene expression In
AN1318-catenin transgenic mice. RNA samples from the fiver of wild
type (WT) and AN131f-catenin bansgenkc (AN131) mice wer evalu-
ated by Northem biotting. Blots were standardized using ribosomal probe
R45. (B) Westem biot anafysts of livers from AN1318-catenin transgenic
mice. Total cell extracts were analyzed using SDS-PAGE and Immuno-
botted with anti-LECT2 antibody. (C) Sectlons of the livers of WT and
AN1318-catenin {AN131) mice were stained with an antHLECT2 ant-
body. {Magnification, X 200.) (D) Northem blot analysts of RNA from liver
tumor tissue (T, T1, T2, T3) from PK/c-myc transgenic mice and nontumor
fiver {NT). The asterisk (*) marks tumors with activated B-catenin, (E)
tmmunohistochemical detection of B-catenin, LECT2, and GS In liver
tumeors from PK/c-myc mice. (Left) a representative tumor nodute (T)
showlng cytosotic and nuclear staining for B-catenin that was not present
In nontumor tissue (NT). (Middle} Immunohistochemical detection of
LECT2 showing unlform stalning for LECT2 In the tumor (T). The adjacent
nontumoral tissue (NT) exhibits pertvenous stalning for LECT2. (Right)
Seclion with unlfomn GS staining theoughout the tumor (T) and
perivenous GS stalning in the adjacent nontumor tissue (NT). (Magnifi-
cation, %200.) This illustration is representative of 15 liver tumors
analyzed.

that encodes for GS.'3 Accordingly, we assayed LECT2
and GS gene expressions in isolated hepatic tumor nod-
ules—with or without activated B-catenin—and com-
pared their expression to that in adjacent nontumor
tissue, The expression of LECT2 gene was up-regulated
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in the tumors associated with activated B-catenin and GS
expression. The liver tumors that were negative for GS
were also negative for LECT2 (Fig. 2D). Immunohisto-
chemistry revealed that expression of LECT2 was re-
stricted to the perivenous region of nontumor tissue. Both
LECT?2 and GS were widely distributed throughout tu-
mor tissue in which there was activation of S-catenin
signaling, as indicated by positive immunohistochemical
staining for B-catenin in the cytosol and, occasionally, in
the nucleus (Fig. 2E).

To confirm that the up-regulation of LECT2 expression
was associated with activation of B-catenin signaling in the
liver, we analyzed the expression of LECT2 in liver tumors
that developed in ASV transgenic mice following the expres-
sion of SV40 early sequences.’® The Wnt pathway is not
activated in the tumors of such mice?$. No up-regulation of
LECT2 was observed in liver umors of ASV transgenic
mice, although these tumors were highly proliferative (Figs.
3B, C, and D). Absence of induction of LECT2 expression
in this model was confirmed by Northern blot analysis (data
not shown). We also found no increased LECT2 expression
in AJGFP-infected mice, although there was substantal
hepatocellular proliferation in this model (Fig. 1C).

LECT2 Is a Downstream Target of the B-Catenin/
TCF-4£ Signaling Pathway. The identification of several
LEF/TCF binding sequences in the mouse and human

fig. 3. Distribution of LECT2 and GS In liver tumors from Sv4( large
T-antigen transgenic mice. Immunohistochemical detection of KI6T,
LECT2, and GS in liver tumor of SV40 large T-antigen transgenlc mice
(ASY). (A) Histology, hematoxylin-eosin stalning. (B} K67 staining show-
ing hepatocyte profiferation In tumor Ussue (T) and no staining In the
adjacent nontumor tissue (NT). (C) Immunohistochemical detection of
LECT2. There Is perivenous LECT2 stakning In the nontumor tissue {NT). no
stainlng for LECT2 In the tumor {T). (D} immunchistochemical detection
of G3. GS stalning was similar to that for LECT2: R was resticted to the
pervenous reglon of the nontumoral tissue, (Magnification, x200.} This
Nlustration Is representative of the results obtalned fom 3 different ASY mice.

— 203 —



172 OVEJERO ET AL
A “20T6LECT2
g Mous# LECTZ promoter W %41
-2076 -1869 =525 211
-2IS1LECT2 Human LECT2 promaotar % e
[
=351 -234
B ,]
a5
2
[}
3 : 3
w
. s
. [
AN39pcst - 0.5
{ug}

Fig. 4. The mouse and human LECT2 promoters are activated by
Bcatenin. {A) Diagram showing the mouse LECT2 promoter
(—2076LECT2) and the human LECTZ promoter {—2351LECT2). Puta-
tive LEF/TCF binding sites are located from the ATG site; the proximal
LEF/TCF binding site matched to the consensus LEF/TCF site, [t Is the
same In both the mouse and human LECT2 promoter. (B) Huh7 cells
were transfected with 0.1 ug of mouse LECT2 promoter (—2076LECT2-
LUC) together with increasing concentrations of activated S-catenin: 0,
0.5, 1,2, and 3 g of ANS3S-catenin-encoding plasmid (ANBIS-cat).
Results are presented as x-fold induction relative to transfection of the
reporter by an empty expression vector. The bars represent the mean
values of 3 experdments, each undertaken In duplicate, Error bars
represent SEMs. *P << .05, (C) HuhT cells were transfected with 1 ug of
human promoter (—2351hLECT2) together with 0, 0.5, 1, 2, and 3 ug
of AN89f-cat, Results are presented as x-fold induction relative to
transfection of the veporter by an empty expression vector. The bars
represent the mean values of 3 experments, each undertaken in dupli-
cate. Emor bars represent SEMs, *P < .05,

LECT2 promoters (Fig. 4A) led us to determine whether
the LECT?2 promoter was a direct transcriptional target
for activation by B-catenin. To this end, we used Huh7
and HepG2 hepatoma cell lines which differ in their
B-catenin status; Huh7 and HepG2 are wild type and
activated mutant, respectively.?

The induction of both mouse and human LECT?2 pro-
moter activities by B-catenin was demonstrated by tran-
sient cotransfection studies in Huh7 cells using promoter-
luciferase reporter constructs containing about 2 kbp of
5'-flanking regulatory region of the mouse and human
LECT2 genes and an oncogenic SfB-catenin construct
(AN89B-catenin). The result was a significant dose-de-
pendent increase in the mouse and human promoter ac-
tivities in response to activated B-catenin. The mouse
promotet was activated up to 10-fold (Figs. 4B and C).
The effect was strongly inhibited by cotransfection with a
dominant-negative TCF-4 expression construct (ANTCF4)
that prevented transactivation through the LEF/TCF rec-
ognition motifs (Fig. SA). The cotransfection of the
ANTCF4 expression vector in HepG2 cells, which ex-
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Fig. 5. Control of LECT2 promoter activity by B-catenin; Involvement of
LEF/TCF sites and the CBP/p300 coactivator. (A)Huh7 cells were trans-
fected with 0.1 pg of mouse LECT2 promoter and 1 ug of S-catenin or
empty vector, and 1 pg of ANTCF4 expression vector or emply veclor.
Data are expressed as nomalized luciferase activity relative to Renilfa
control. (B} HepG2 cells were transfected with 0.1 pg of mouse LECT2
promoter and 1 pg of ANTCF4 or empty expression vector. Data are
expressed as normalized luclferase activity relative to Renila control. (C)
LECT2 promoter transactivation by the CBP/p300 coactivator. Huh cells
were transfected with 0.1 pg of mouse LECT2 promoter and 0.5 pg of
ANBIA-cat or emply vector, plus 1.5 s of CBP/p300 or emply vector,
Results are presented as x-fold induction relative to transfection of the
reporter by empty expression vector. Bars represent the means of 3
independent duplicates, each undertaken in duplicates. Error bars
represent the SD. *P < 05,
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Fig. 6. Role of the proximal LEF/TCF binding sequence of the LECT2
promoter In B-catenin-imediated transactivation (A) Defetlon constructs
of the mouse LECT2 promoter (—579LECT2HLUC and —299LECT2-LIC)
In the pGL3 luciferase raporter plasmid, (B) The deletion constructs of the
mouse LECT2 promoter (0.1 ug) were transfected into Huh7 cells as
shown In Fig. 5C. {C) The mutated mouse LECT2 reporter construct
showing the AT to GC change at nucleotides —209 and —208
{—2076mtLECT2-LUC), D) HuhT cells were Uransfected with the wild type
o mutated mouse LECT? reporter construct (C.1 p1g) as described In Fig.
5C. Transfections were camled out In tdplicate, each undertaken in
duplicate. Data are means % SD. *P < 05.

o

press an endogenous activated S-catenin, reduced sub-
stantally the activity of the LECT2 promoter induced by
B-catenin (Fig. 5B). Thus, B-catenin/TCF transactiva-
tion controls the activity of the LECT2 promoter. Since
the coactivators CBPand p300 have been shown to acti-
vate B-catenin/TCF transcription of some Wnt-respon-
sive genes,2 they could cooperate with B-catenin to
activate LECT2 promoter. Transfection with CBP/p300
more than doubled the LECT2 promoter activity induced
by B-catenin, whereas the CBP/p300 expression con-
struct alone had little effect on the LECT2 promoter in
the absence of B-catenin (Fig. 5C).

Analysis of the mouse promoter shows that it contains
3 potential LEF/TCF binding sequences. To identify the
sequences in the LECT2 promoter that can confer trans-
activation by B-catenin, 2 deletion constructs were gen-
crated (Fig. 6A). Analysis of these deletion constructs
revealed a progressive decrease of the transactivation in-
duced by B-catenin (Fig. 6B). The smallest construct,
which contained only the proximal LEF/TCEF site, stll
mediated a 2- to 3-fold induction of LECT2 promoter
actvity. This finding indicates that the proximal site
could be important in cooperation with distal sites for the
transactivation of mouse LECT2 promoter by B-catenin.
The proximal LEF/TCF site matched perfectly to the
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consensus sequence and is conserved in the human
LECT?2 promoter (Fig. 4A). Thus, this site appears to be
a good candidate to support the transcriptional activity of
LECT2 promoter by B-catenin. We tested this hypothesis
by introducing point mutations in the LEF/TCF proxi-
mal site in the full-length LECT2 promoter
{(—2076mtLECT2-LUC; Fig. 6C). Mutation of the
proximal LEF/TCF binding site completely abolished
transactivation of the LECT2 promoter by B-catenin
(Fig. 6D).

LECT?2 is therefore a direct transcriptional target of
p-catenin.

Chemotactic Properties of LECT2. The LECT2
protein was inidally purified from the culture fluid of
phytohemagglutnin-actvated human T-cell leukemia
SKW-3 cells as a possible chemotactic factor for human
neutrophils. 2

To further characterize the chemotactic property of
LECT?2, we used a recombinant LECT2 protein pro-
duced from CHO cells?? and tested its chemotactic prop-
erties using human PMN. The chemotactic activity of
LECT?2 was compared to that of the mipeptide fMLP,
which is a potent neutrophil chemoattractant.'s?’
LECT? induced a bellshaped migration pattern as a
function of its concentration; this finding is characteristic
of a chemotactic ligand (Fig. 7). Significant directed mi-
graton was observed in the presence of 10 to 25 nM
LECT2, whereas at a high concentration (50 nmol)
LECT2 was inactive, presumably because of chemotactic
desensitization of PMN. fMLP induced more directed
migration over a wider active concentration range than
LECT2. To determine whether the simulated migration
induced by LECT2 may be mediated by chemokinetic
activity of PMN, we abolished the chemotactic gradient
by titrating LECT2 or fMLP into the cell compartment of
the Boyden chamber, Under these condidons, the di-
rected PMN migration was completely prevented (data
not shown). This finding confirms that LECTZ is a che-
moattractant for human neutrophils.

Expression of the LECI2 Gene in Human Liver
Tumors. Toinvestigate if LECT?2 could be implicated in
buman liver cancer, we analyzed LECT2 gene expression
using real-ime RT-PCR of liver tumors in which the
Wt pathway is frequently altered. We first quantified the
relative degree of RNA expression of LECT2 and GS in
18 human HCC samples, in which there were activared
mutations of the B-catcnin gene, As expected, all these
tumors exhibited a high depree of GS expression.!’ In
contrast, LECT2 expression was up-regulated in only 5 of
these tumors (Fig. 8). Analysis of 33 HCC samples that
did not display B-catenin mutations indicated up-regula-
tion of LECT2 in only 6 samples. Interestingly, all of the
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Fig. 7. PMN chemotactic activity of LECT2 and fMLP. The migration of
PMN was measured in the presence or absence of varous concentrations
of (A) LECT2 or (B} MLP placed In the lower compartment of the Boyden
chamber. Results represent the migration front expressed In micrometers
{mean = SEM of 5 Individual fields for each concentration, from a
representative experiment). The significance of differences between data
obtalned from 3 Independent expedments with random and stimulated
migrations were detesmined using Student’s t test. *P < .05.

6 LECT2-positive HCC samples were also positive for
GS, suggesting that these samples may have mutations of
another partner of the Wnt pathway (Fig. 8). Altogether,
these results indicated that even though LECT2 was gen-
erally down-regulated in human HCC samples, LECT2
was up-regulated only in a subset of human HCC, a sub-
set in which the Wnt pathway was altered. We also ana-
lyzed hepatoblastoma samples; dercgulation of the Wnt
pathway occurs in more than 90% of these tumors* We
analyszed LECT2 expression in 14 samples using real-
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time RT-PCR. A high level of LECT2 expression was
observed in 13 samples. Overexpression of GS was sub-
stantial in all of the samples tested (Fig. 8). ISH, used to
localize LECT2 expression, confirmed that LECT2 was
up-regulated in hepatoblastomas. LECT2 was detected in
the tumor areas that exhibited activadon of B-catepin
signaling associated with GS expression (Fig. 9).

Discussion

The Wnt pathway is frequently deregulated in carcino-
genesis. Considerable effort is currently being made to
identify the downstream B-catenin target genes; those
that have been identified may be important for under-
standing the role of Wnt signaling in carcinogenesis be-
cause they are involved in eell proliferation, survival,
differentiation, and migration.!%!t However, it has be-
come clear that the Wnt response is tissue-specific. Ex-
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Fig. 8. Up-regutation of LECT2 In human liver lumors Histograms on a
Tegarthmic scale showing the relative expression of LECT2 and GS genes
measured in (A) a panel of hepatocellular carcinomas (HCC) with
B-catenin mutations and a panel of HCC that have no activating muta-
tions of S-catenin, and (B} in a panel of hepatoblastomas. Relalive gene
expression was determined using real-time RT-PCR, as described In
Materlals and Methods, and was expressed as fold difference relative to
nomal liver, after nonmalization of each measurement to 185 ribosomal
RNA.
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flg. 9. Expression of LECT2, GS, and B-catenin In hepatoblastoma by
In sty hybridization. Representative in situ hybridization of [**S]-abeled
probes for (A) GS antisense, {C) LECT2 antisense, and (DJLECT2 sense
In serlal sectlons of a single hepatoblastoma. This lllustration ks repre-
sentative of 11 cases analyzed. (Magnlfication, X 40.) (B) Immunohis-
tochemical staining of P-catenin. Mote the tumor area displayed
activated p-catenin signaling, as revealed by cytosolic and nuclear
accumulation of S-catenin, that parallels the signals of LECT2 and GS.
{Magnlfication, X 40.) (Insert) B-catenin cytosolic and miclear accumu-
lation. (Magnification, X 400.)

pression of activated S-catenin is sufficient to induce
polyposis in the intestine?®2? but is not sufficient to in-
duce hepatocarcinogenesis in the liver. We and others
have observed substantial hepatomegaly in response to
activation of B-catenin signaling in the liver, but other
genetic events are likely to be required for hepatic tumor-
igenesis. 420 Therefore, it is important to identify the tar-
get genes of B-catenin in the liver. We used an
adenovirus-mediated expression of activated B-catenin to
isolate carly target genes. We identified the LECT2 gene
as a direct target of B-catenin signaling in the liver.

We found that LECT2 promoter activity is increased
considerably by activation of B-catenin, and is blocked by
a dominant-negative form of TCF-4. We have also iden-
tified the LEF/TCEF site as being crucial for a response to
pB-catenin. Our studies in mice with activated B-catenin
showed that B-catenin signaling strongly induced LECT2
expression in hepatocytes. As LECT2 is mainly expressed
in the liver, we assessed whether LECT?2 could be a liver-
specific response of the Wnt pathway. We analyzed
LECTZ expression in another tumor in which activation
of the Wnt pathway is frequent: colon cancer. We ob-
served no induction of LECT?2 expression in intestinal
epithelial cells of polyps that develop in a mouse model of
colon cancer that we recently developed (Colnot et al.,
unpublished manuscript). Such mice have a new germ-
line mutation of the Apc gene and a high level of activation
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of B-catenin signaling, as indicated by cytosolic and nu-
clear staining of B-catenin in all epithelial cells of their
polyps. So far, few B-catenin target genes have been iso-
lated from liver.!53! LECT?2 can be induced by B-catenin
in the liver but not in the intestine, and ic may be an
important target relating to the tissue-specific response of
the Wnt pathway in hepatic tssue.

Interestingly, LECT2 gene expression is confined to a
well-defined pericentral compartment, consisting of 1 to
2 layers of hepatocytes in the normal mouse liver; this
expression is similar to that of 3 other hepatic B-catenin-
induced genes linked to glutamine metabolism that we
identified previously.!3 The zonation of the liver lobule is
determined during development of the liver; the molecu-
lar mechanisms involved are not known. From our re-
sults, it is tempting to speculate that the Wnt pathway in
the liver may participate in the establishment of zonation.

The relevance of LECTZ2 in human liver carcinogenesis
has been addressed by examining the level of expression of
LECT2 in human liver tumors. We found substantial
induction of LECT2 in most of the hepatoblastomas
studied; in this tumor, activation of the Wnt pathway is
frequent.f In contrast, an up-regulation of LECT2 was
found only in a subsct of HCCs associated with activation
of the Wnt pathway. However, LECT2 expression was
generally decreased in' human HCC:s in accordance with
previously published findings.3233 Hepatoblastoma and
HCC are 2 primary liver tumors that differ with respect to
their histological manifestations and genetic changes.
HCC is a heterogeneous tumor associated with multiple
genetic changes; only a limited number of chromosomal
changes have been found in hepatoblastomas.* The loss of
LECT?2 expression in HCCs that have aberrant B-catenin
signaling could result from “cross-talking™ with one or
more other signaling pathways induced by different ge-
netic changes that may occutr during tumor progression.
At present, the role of LECT2 in liver carcinogenesis is
unknown. LECT?2 was first isolated as a possible chemo-
tactic factor for neutrophils.?¢ Using recombinant pro-
tein, we have further characterized the chemotactic
property of LECT2 for human neutrophils in witro. We
searched for leukocyte infiltradon in tumots that overex-
pressed LECT2, such as those associated with L-PK/c-
myc, but we did not find any cvidence of an inflammatory
process in such tumots. Two hypotheses may be pro-
posed: (1) leukocyte infiltration may be a transient event
that cannot be observed in the tumor, and (2) the role of
LECT?2 in liver carcinogenesis may be linked to another
function of LECT2. The study of transgenic mice lacking
the LECT2 gene revealed that the role of LECT2 is re-
lated to the homeostasis of NK T cells in the liver; LECT2

may modulate the inflammatory and immune response
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induced by the development of the tumor. Since HCC
develops most commonly in patients with chronic hepa-
titis or cirrhosis induced by viral or inflammatory factors,
understanding the role of LECT?2 in liver carcinogenesis
is of interest and may lead to new therapeutic perspec-
tves.
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Increase in Hepatic NKT Cells in Leukocyte Cell-Derived
Chemotaxin 2-Deficient Mice Contributes to Severe
Concanavalin A-Induced Hepatitis’

Takeshi Saito,* Akinori Okumura,* Hisami Watanabe,” Masahide Asano,**

Akiko Ishida-Okawara,* Junko Sakagami,” Katsuko Sudo,” Yoshimi Hatano-Yokoe,’

Jelena S. Bezbradica,? Sebastian Joyce, Toru Abo,! Yoichiro Iwakura,’ Kazuo Suzuki,* and
Satoshi Yamagoe’*

Leukocyte cell-derived chemotaxin 2 (LECT2) was originally identified for its possible chemotactic activity against human neu-
trophils in vitro. It is a 16-kDa protein that is preferentially expressed in the liver. Its homologues have been widely identified in
many vertebrates. Current evidence suggests that LECT2 may be a multifunctional protein like cytokines, However, the function
of LECT?2 in vivo remains unclear. To elucidate the role of this protein in vivo, we have generated LECT2-deficient (LECT27'7)
mice. We found that the proportion of NKT cells in the liver increased significantly in LECT2™'~ mice, although those of
conventional T cells, NK cells, and other cell types were comparable with those in wild-type mice. Consistent with increased
hepatic NKT cell number, the production of IL-4 and IFN-y was angmented in LECT2~'~ mice upon stimulation with a-galac-
- tosylceramide, which specifically activates Va14 NKT cells. In addition, NKT cell-mediated cytotoxic activity against syngeneic
thymocytes increased in hepatic mononuclear cells obtained from LECT2™'~ mice in vitro. Interestingly, the hepatic injury was
exacerbated in LECT2™'~ mice upon treatment with Con A, possibly because of the significantly higher expression of 1L-4 and
Fas ligand. These results suggest that LECT2 might regulate the homeostasis of NKT cells in the liver and might be involved in

the pathogenesis of hepatitis. The Journal of Immunology, 2004, 173: 579585,

inally identified from the culture fluid of the human T cell

line SKW-3 in the process of screening for a novel neu-
trophil chemotactic protein (1). LECT2 is expressed preferentially
in the liver in a constitutive manner. LECT2 protein is secreted
into the bloodstream (2, 3). Proteins homologous to LECT2 have
been isolated in many vertebrates (4, 3). LECT? is identical with
chondromodulin 11, which was identified as a growth stimulater for
chondrocytes and osteoblasts (6). The polymorphism of human
LECT2 at Val®lle is associated with the severity of rheumatoid
arthritis in the Japanese population (7). We recently reported that

I eukocyte cell-derived chemotaxin 2 (LECT2)* was orig-
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the expression of mouse LECT2 was transiently decreased during
Con A-induced hepatitis, an experimental model for human auto-
immune hepatitis that is induced by the expression of cytokines
and cytotoxic molecules associated with effects from other im-
mune cells, such as CD4* T lymphocytes and macrophages (8).
Thus, LECT2 seems to be a multifunctional protein like cytokines.
However, the function of LECT2 in vive remains unclear.

NKT cells form a distinctive T cell subpopulation that has
some of the characteristics of NK cells. NKT cells are present
in various lymphoid organs and are especially abundant in the
liver (9-11). In mice, NKT cells commonly express a semi-
invariant TCR and NK1.1 Ag, and their development and func-
tions are regulated by CD1d (9, 12). There is growing evidence
that NKT cells play an important role in immune responses
(9-13). It is well established that NKT cells express large
amounts of cytokines, especially IFN-y and IL-4, and their
functional disorders are characteristic of various diseases (9, 12,
13). Recently, some groups reported that NKT cells played an
essential role in Con A-induced hepatitis (14-16).

In this study we generated LECT2™'~ mice with the aim of
clearly identifying the role of LECT2 in vivo. We found that these
mice showed an increased number of hepatic NKT cells, which
appeared to function as they do in wild-type mice. To examine the
biological effect of this phenotype, we used a Con A-induced hep-
atitis model. The deficiency of LECT2 led to severe liver injury,
possibly because of excessive expression of IL-4 and Fas ligand
(FasL) by the increase in the number of hepatic NKT cells.

Materials and Methods
Mice

Wild-type C57BL/6J (B6) mice purchased from CLEA Japan were housed
at the National Institute of Infectious Diseases. Mice used in this study

0022-1767/04/302.00
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were maintained under specific pathogen-free conditions and were usually
used at 8-12 wk of age according to the guidelines of the National Institute
of Infectious Diseases animal care and use committee,

Generation of LECT2™'" mice

To construct the targeting vector (pKO-9), two fragments (5 end, 7.7 kb;
3’ end, 1.4 kb) of the genomic DNA flanking the coding region of the
129-derived lect2 gene (17) were subcloned between the BamHI and Spel
sites and between the Aatl and Scal siles of the pBluescript 1l KS§* vector
(Stratagene, La Jolla, CA), respectively. The pGKneobpA cassette (18)
was inserted between Spel and Aail for positive selection (Fig, 1A4). The
DT-A cassetie {19) was ligated at the 5" end of the targeting vector for
negative selection. E14.1 ES cells (1 X 107 cells) were transferred with the
linearized targeting vector by electroporation and were selected with G418
{Invitrogen, Carlsbad, CA). Homologous recombinants were screencd by PCR
and confirmed by Southern blot hybridization (Fig. 14; data not shown). The
forward primer (P2) in the pGKneobpA cassette was 5'-GGTGGATGTG
GAATGTGTGC-3, and the reverse primer (P5) outside the targeting vector
was 5'-ACCATCTACTAGCTCTTGTAG-3'. Chimeric mice were generated
by the aggregation method (19) with some modifications. The chimeras were
mated with B6 mice, and homozygous mutant mice were generated by the
intercrossing of heterozygotes. LECT2™™ mice and littermates were geno-
typed by PCR (Fig. 1B). The primer sequences used were as follows:
LECT2-common, 5'-CCACCCCACCTAAGATGTATGCTGC-3"; LECT2-
wild-type, 5'-CCAGGATTCTAATGTCGTCCTTGTTGG-3"; and LECT2-
knockout, 5'-CCTTCTTGACGAGTTCTTCTGAGGGG-3'.

Immunoblot analysis

Two micrograms of serum prepared from LECT2™'~ mice and their lit-

termates was resolved by SDS-PAGE (4-20%) and transferred to Immo-
bilon-P {Millipore, Bedford, MA). The blots were incubated with rabbit
anti-mouse LECT2 against a recombinant mouse LECT2 produced stably
by CHO cells. The immunoreactive protein was visualized using an ECL
kit {Amersham Pharmacia Biotech, Piscataway, NJI).
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FIGURE 1. Generation of LECT2™™ mice. A, Endogenous Lect? gene
and targeting vector. A 6.4-kb Spel-Aarl fragment contatning all exons for
LECT?2 was replaced with pGKneobpA. A, Aail; B, BamHI; E, EcoRI; S,
Seal, Sp, Spel. Arrows indicate primers for genotyping. Probes A and B
were used to confirm the correct recombination by Southern blot analysis.
PCR primer LECT2-common (com), LECT2-wild type (wt), and LECT2-
knockout (ko) were used for genotyping. B, Genotyping of LECT2™'~
mice and littermates. Genomic DNA from embryonic stem cells or mouse
tatls were analyzed by PCR. This analysis yields 517- and 385-bp bands for
the wild-type and targeted alleles, respectively. C, Total liver RNAs were
reverse transcribed and subjected to PCR analysis. The primers used are
described in Materials and Methods. D, Serum from mice was analyzed by
Western blot analysis using rabbit anti-LECT2 polyclonal Ab (2).

INCREASE IN HEPATIC NKT CELLS IN LECT2 '~ MICE

Lymphocyte preparations

Mice anesthetized with ether were killed by exsanguination via the axillary
artery. The liver and spleen were then removed. Hepatic menonuclear cells
(MNCs) were prepared as described previously (20). Briefly, the liver lobes
were minced to small pieces, pressed through 200-gauge stainless steel
mesh, and suspended in Eagle’s MEM (Sigma-Aldrich, St. Louis, MO)
supplemented with 5 mM HEPES (pH 7.5) and 2% FBS. After washing,
the pellet was resuspended in 35% Percoll solution (Amersham Pharmacia
Biotech) containing heparin (100 U/ml) and centrifuged at 2000 rpm for 15
min. The pellet was then resuspended in RBC lysis solution (155 mM
NH,CI, 10 mM KHCO,, 1 mM EDTA, and 17 mM Tris, pH 7.3) and
washed twice with MEM. Splenocytes were prepared by forcing minced
spleens through stainless steel mesh and were used after RBC lysis.

Flow cytometric analysis

Single-cell suspensions from the liver and spleen were incubated with
mAbs against cell surface markers (BD Pharmingen, San Diego, CA). PE-
labeled CD1d-a-galactosyleeramide (CD1d-a-GalCer) tetramer (21) and
FITC-, PE-, allophycocyanin-, or PerCP-conjugated Abs specific for mu-
rine CD3 (145-2C11), CD4 (RM4-5), NK1.1 (PK136), Gr-1 (RB6-8CS5),
Mac-1 (M1/70), and FasL {MFL-3) were used for flow cytometric analy-
ses. Apoptotic cells were stained with an Annexin V-FITC Apoptosis De-
tection I kit (BD Pharmingen) and then analyzed with FACSCalibur using
CellQuest software (BD Biosciences, San Jose, CA).

Administration of a-GalCer

a-GalCer was kindly provided by Kirin Brewery (Gunma, Japan). This
reagent was dissolved in 0.5% polysorbate 20 (Nikko Chemical, Tokyo,
Japan) at a concentration of 200 pg/ml, then further diluted with physio-
logical saline. For in vivo administration, a-GalCer was injected i.p. at a
dose of 100 pg/kg body weight. For in vitro stimulation of MNCs, «-Gal-
Cer was added to the culture medium (RPMI 1640 supplemented with 2%
FBS) at a concentration of 100 ng/ml.

Cytotoxicity assays

The cytotoxicity assays were performed by a method previously described
{22). Briefly, YAC-I1 cells and B6 thymocytes for target cells were labeled
with sodivm [*'Cr]chromate (Amersham Pharmacia Biotech) for 2 h and
washed three times with RPMI 1640, Effector cells were serially diluted
and mixed with *'Cr-labeled target cells (1-2 X 10* cells) in a U-bottom,
96-well microculture plate. The plates were centrifuged and incubated for
4 h at 37°C. At the end of the culture, 100 ul of the supernatant was
determined by adding RPMI 1640. Maximum release was determined by
adding 1 M HCL The percentage of specific release was calculated as
[(experimental release — spontaneous release)/(maximum release — spon-
taneous release)l X 100,

Con A-induced liver injury

Male B6 (wild-type controls) and LECT2™'~ B6 mice were injected i.v.
with 25 mg/kg Con A (type 1V; Sigma-Aldrich). Two, 5, and 8 h after Con
A injection, scra were collected to measure the level of cytokines and
glutamic pyruvic transaminase (GPT) activity, and liver tissue was re-
moved to detect the cytokine mRNAs and for immunohistochemical
analysis.

Cytokine and transaminase measurement

The levels of serum IFN-y, TNF-a, and IL-4 were quantified using an
OptEIA ELISA set {BD Pharmingen). Serum GPT activity was measured
with a Transaminase Cll-test Wako kit (Wako Pure Chemical, Osaka,
Japan).

Histology and TUNEL staining

Liver tissues were fixed in 4% neutralized formalin and embedded in par-
affin, then sliced to a thickness of 3 um. For histological examination,
sections were stained with H&E. Apoptotic cells were detected with
TUNEL staining using an In Situ Cell Death Detection Kit, POD (Roche,
Mannheim, Germany).

Semiquantitative RT-PCR

The total liver RNA for each mouse was isolated using Isogen reagent
{Wako Pure Chemical). One microgram of RNA was reverse transcribed
with a ReverTra Ace (Toyobo, Osaka, Japan) to obtain cDNA. The primer
sequences used in PCR were as follows: LECT2, 5"-ACGTGTGACAGC
TATGGCTGTGGACAG-3 and 5'-AGGTATGCTGTGGGGTCACTGGAG
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TC-¥; and GAPDH, 5'-CCCCTGGCCAAGGTCATCCATGACAACTTT-3'
and 5-GGCCATGAGGTCCACCACCCTGTTGCTGTA-3'. Reactions were
conducted under the following conditions: precycting at 94°C for 1 min, then
25 cycles consisting of denaturation at 94°C for 30 s, annealing at 55°C for
30 s, and polymerization at 72°C for 1 min,

Quantitative real-time RT-PCR

Quantitative real-time RT-PCR was performed using ABI PRISM 7000
Sequence Detection System (Applied Biosystems, Foster City, CA) ac-
cording to the manufacturer's protocol. Primers and TagMan probes spe-
cific for TNF-&, IL-4, and FasL were obtained from Assay-on-Demand
Gene Expression Products (Applied Biosystems), and IFN-y was derived
from TagMan Pre-Developed Assay Reagents (Applied Biosystems). For
endogenous control, the level of GAPDH in each sample was assayed using
TagMan Rodent GAPDH Control Reagents VIC (Applied Biosystems).
Data analyses were performed on ABI PRISM 7000 SDS software version
1.0 (Applied Biosystems).

Statistical analysis

Results were expressed as the mean * SD. Statistical analyses were con-
ducted using Student’s ¢ test or the Mann-Whitney U test, A value of p <
0.05 was considered significant.

Results
Generation of LECT2™'™ mice

To delete the lect2 gene, a targeting construct carrying a neomycin
cassette was placed within the lecr2 locus in such a way that all

581

exons for this gene were deleted (Fig. 14). Correct targeting of the
lect? locus was confirmed by PCR and genomic Southemn blot
analysis {Fig. 1B; data not shown). LECT2*~ mice were back-
crossed for 10 generations to B6 and intercrossed to generate
LECT2"~ mice. Complete loss of LECT2 expression in the liver
and serum of LECT2™/" mice was confirmed by RT-PCR and
immunoblot analysis, respectively (Fig. 1, C and D). LECT2™/~
mice were born at the Mendelian ratio and were indistingnishable
in appearance from wild-type mice. Both male and female
LECT2™/~ mice were fertile.

Flow eytometric analysis of MNCs from LECT2™"" and
wild-type mice

LECT?2 is preferentially expressed in the liver (2). LECT2™'~
mice exhibited no obvious abnormality in the size or histology of
the liver or in serum GPT activity. In addition, the sizes of other
tissues, such as spleen and thymus, were normal, We recently re-
ported a possible additional role of LECT2 in Con A-induced he-
patic injury (3). Con A-induced hepatitis results from injuries in-
flicted by various immune cells such as CD4* T cells and NK1.1™
T cells (8, 14-16). Therefore, we measured the proportions of
immune cells in the liver by flow cytometric analysis. Interest-
ingly, we observed that the percentage of hepatic CD3™ NK1.1™"
cells in LECT2™'~ mice was significantly higher than that in wild-
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FIGURE 2. Flow cytometric analysis of mononuclear cells in LECT2™'~ mice. Two-color staining for CD3 and NK1.1, CD4 and NK1.1, and Mac-1
and Gr-1 against MNCs from the liver {4) or the spleen (B) was performed. C, Hepatic MNCs were stained with CD1d-a-GalCer tetramer and anti-CD3
Ab, and CD1d-a-GalCer tetramer and anti-CD4 Ab. The numbers in the small panels indicate the representative percentages of fluorescence-positive cells

in corresponding areas in six mice.
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FIGURE 3. Effect of a-GalCer treatment. A, [FN-y and IL-4 expression
of mice administered i.p. with a-GalCer (100 pg/kg; n = 6 at each time
point). *, p < 0.05; #*, p < 0.01. The data are expressed as the mean =
SD. B, IFN-y and IL-4 production by MNCs. MNCs from the liver (2 X
10% cells/ml) were cultured in RPMI 1640 supplemented with 2% FBS.
Cytokines released into the culture supernatants were measured 24 h after
treatment with a-GalCer (100 ng/ml). The mean values of the results gb-
tained in triplicate are shown with the SD. The data shown are represen-
tative of four experiments.

type mice (16.0 = 4.6% in wildtype vs 26.1 * 6.2% in
LECT2™/7; p < 0.01; n = 6; Fig. 24). The proportion of CD4*
NK1.1* cells in the livers of LECT2 ™'~ mice also increased com-
pared with that in wild-type mice (11.1 * 3.5% in wild-type vs
19.3 + 4.8% in LECT2™'"; p < 0.01; n = 6; Fig. 2A). Further-
more, the proportion of CD4 " among the CD3™ NK1.1* cells of
LECT2™'~ mice was higher than that in wild-type mice (70.1 *
6.9% in wild-type vs 794 * 1.2% in LECT2™'"; p < 0.01; n
6). In contrast, there were no differences in the contents of other
cell types such as CD3™ NK1.17 cells (i.e., conventional T cells),
CD3™ NKI1.17 cells (i.e., NK cells), or granulocytes (Fig. 24).
The total amounts of MNCs obtained from the livers of wild-type
and LECT2™/~ mice were also comparable (2.3 + 0.4 X 10° cells
in wild-type vs 2.2 * 0.7 X 10°% cells in LECT2™/"; n = 6; Fig.
2A), We also examined the proportions of immune cells in spleen,
thymus, and bone marrow, but could find no significant differences
(Fig. 2B; data not shown). These results suggest that LECT2™/~
mice contain an increase in the proportion of hepatic NKT cells.
The majority of NKT cells express invariant Va14-Ja18 for TCR
that bind to a glycolipid Ag a-GalCer, presented by CD1d. Invari-
ant Yald4 NKT cells can be detected by using CD1d tetramer
loaded with a-GalCer (21, 23, 24). LECT2™/" mice contained
approximately twice the proportion of CD3™ CD 1d-a-GalCer tet-
ramer™ (12.2 + 3.5% in wild-type vs 21.7 = 3.6% in LECT2'~;
p < 001; n = 6) and CD4" CDId-e-GalCer tetramer™ cells
(9.7 = 3.0% in wild-type vs 17.7 = 3.0% in LECT2 ™'~ p < 0.01;
n = 6) in the liver (Fig. 2C). We also confirmed by semiquanti-
tative RT-PCR analysis that the expression of Val4-Jal8 tran-
scripts was definitely high in the livers of LECT2 ™'~ mice (data
not shown).

I

INCREASE IN HEPATIC NKT CELLS IN LECT2™'~ MICE

Responsiveness to a-GalCer treatment

NKT cells express high levels of cytokines, especially IFN-y and
IL-4, in specific response to a-GalCer treatment both in vive and
in vitro (25). As previously stated, LECT2™'~ mice contain ap-
proximately twice the proportion of Va14 NKT cells that are found
in wild-type mice, To address the specific reactivity of NKT cells, we
next measured cytokine production after the i.p. administration of
e-GalCer to LECT2™'~ mice and wild-type mice. Two hours after
this treatment, LECT2 ™'~ mice produced a significantly higher level
of IL-4 and a slightly increased IFN-+ level compared with wild-type
mice (Fig. 3A4). We also measured the release of IFN-+ and [L4 from
cultured hepatic MNCs after stimulation with a-GalCer. As Fig. 38
indicates, higher amounts of IFN-v and IL-4 were produced from the
MNCs of LECT2™'~ mice.

Cytotoxicity assay

We next examined two types of cytotoxicity of MNCs prepared
from the liver and spleen of wild-type and LECT2™/~ mice. NK
cell-sensitive cytotoxicity primarily mediated by the perforin-gran-
zyme system was assayed against YAC-1 cells, whereas NKT cell-
sensitive cytotoxicity, primarily mediated by the Fas/FasL system,
was assayed against syngeneic thymocytes (13, 22, 26-28). He-
patic MNCs from LECT2™'" mice showed substantially greater
cytotoxicity against syngeneic thymocytes than did those from
wild-type mice (Fig. 4), indicating that the Fas/FasL-mediated cy-
totoxicity of hepatic MNCs in LECT2 ™'~ mice was much higher
than that in wild-type mice. We also observed a slight increase in
cytotoxicity in hepatic MNCs from LECT2™'" mice against
YAC-1 cells (Fig. 4). The cytotoxicity of splenocytes against syn-
geneic thymocytes and YAC-1 cells was comparable between
wild-type and LECT2 ™/~ mice (Fig. 4).

Con A-induced hepatitis

Growing evidence indicates that NKT cells contribute significantly
to the onset of Con A-induced hepatitis by expression of IL-4 and
activation of cytotoxic systems (14-16). To examine whether the
increase in NKT cells in LECT2™'~ mice affects susceptibility to
Con A-induced hepatitis, LECT2™'~ and wild-type mice were in-
jected iv. with Con A. Serum GPT activity in LECT2™/~ mice
was elevated within 5 h after Con A administration compared with
that in wild-type mice (Fig. 54). In LECT2™'~ mice only, histo-
logical examination showed a focal degenerative change, and cell
clusters consisting of apoptotic cells could be detected in the liver
5 h after Con A injection (Fig. 5B8). Con A-induced hepatitis re-
quires the activation of immune cells accompanied by the secretion
of various cytokines (13-16, 29). We therefore measured serum
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FIGURE 4. Cytotoxicity assays. MNCs were prepared from the liver
and spleen of wild-type and LECT2 ™/~ mice. NKT cell-sensitive cytotox-
icity was determined using syngeneic B6 thymocytes as target cells. NK
cell-sensitive cytotoxicity was determined using YAC-1 cells. Triplicate
cultures lasted 4 h at the indicated E:T cell ratio. *, p << 0.05; *%, p << (.01.
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