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ABSTRACT: Transthyretin (TTR) is a 55 kDa homotetrameric protein known for the transport of thyroxine
and the indirect transportation of retinol. Within the central nervous system, TTR is primary synthesized
and secreted into the cerebral spinal fluid by the choroid plexus (CP), whereas most TTR in the systemic
circulation is produced and secreted by the liver. TTR is involved in two types of amyloid disease, the
senile systemic amyloidosis and the familial amyloidotic polyneuropathy. TTR has also been implicated
in the sequestration of amyloifl peptide (A5), preventing its deposition. To explore other biological
roles for TTR, we searched for proteiprotein interactions using the yeast two-hybrid system with the
full-length human TTR cDNA as bait. We found a novel interaction between TTR and metallothionein
2 (MT2) in human liver. This interaction was confirmed by competition binding assays, co-immunopre-
cipitation, cross-linking, and Western blotting experiments. Binding studies using MT1 showed a saturable
specific interaction with TTR with &y of 244.8+ 44.1 nM. Western blotting experiments revealed a
TTR—MT1/2 protein complex present in rat CP and kidney tissue extracts. Immunofluorescence
experiments, in CP primary cell cultures and in CP paraffin sections, showed co-localization of TTR and
MT1/2 in the cytoplasm of epithelial CP cells and localization of MT1/2 in the endoplasmic reticulum.
Moreover, dot blot immunoassays of rat CSF provided the first evidence, to our knowledge, of circulating
metallothionein in CSF. Taken together, we suggest that-TWIR1/2 complexes may be functionally
significant not only in healthy conditions but also i Aleposition in Alzheimer disease, thereby providing

a novel potential therapeutic target.

In the proteome era, identification of the function and synthesized and secreted into cerebrospinal fluid (CSF) by
interactions of disease-associated proteins provides a majothe choroid plexus (CP) where it represents about 20% of
opportunity to elucidate disease mechanisms and developthe total protein synthesig(5), whereas most TTR in the
new diagnostic markers and therapeutic targé}s ( systemic circulation is produced and secreted by the liver

Transthyretin (TTR) is associated with two amyloid (6). TTR is biologically active as a tetramer and can carry
diseases; nonmutated TTR is found in amyloid deposits of two T4 molecules simultaneously and one RBP in vivp (
patients suffering from senile systemic amyloidosis, whereas
a large number of single amino acid substitutions cause . . : o
famili%l amyloidotic polygeuropathy, an autosomal dominant 2! (8), lutein ©), and norepinephrine oxidation producte)
neurodegenerative disease 8). TTR is a 55 kDa protein In addition, in V|t_ro b|nd|r_lg stud_les of TTR demonstrated
known for the transport of thyroxine (T4) and retinol binding that the protein binds a wide variety of compounds, such as
protein (RBP), which is the carrier of vitamin A (retinol). pharmacological agents like penicillin, salicylate, steroids,
Within the central nervous system (CNS), TTR is primarily Some nonsteroidal anti-inflammatory drugsit14), envi-

ronmental pollutantsi®, 16), thyromimetic compounddl(),
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In vivo, TTR has other ligands, such as apolipoprotein
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Together, these observations prompted us to explore otherobtained from Sigma (St. Louis, MO). The supplier-reported

biological roles of TTR, searching for new TTR protein
interactions with the yeast two-hybrid system. Using the full-
length human TTR cDNA as bait, we partially screened a
human liver cDNA library and found a new TTR interactor,
metallothionein 2 (MT2). This new interaction is clearly
demonstrated in vitro by co-immunoprecipitation, cross-
linking experiments, competition binding assays, and Western
blotting and in vivo by co-immunolocalization studies.

EXPERIMENTAL PROCEDURES

Yeast Two-Hybrid Systenihe Matchmaker GAL4 two-
hybrid system 3 was obtained from CLONTECH. pGBKT7
TTR, which encodes the full-length human TTR cDNA fused
in frame to GAL4 DNA binding domain, was used as bait.
The human liver cDNA library, fused with the GAL4-
activation domain in the pACT2 vector, was obtained from
CLONTECH. The two-hybrid screening was carried out by
using yeast strain AH109 transformed with pGBKITTR.
Transformants were selected on dropout plates (SD base
“trp~leu”adehis) in the presence of the chromogenic
substrate Xa-Gal (5-bromo-4-chloro-3-indolys-p-galac-
topyranosidose, CLONTECH) for a minimum of 5 days at
30 °C. Approximately 3.6x 1C° colonies were screened,
and 59 positive clones were identified. The cDNA inserts
of the positive clones were amplified by PCR using primers
complementary to the pACT2 vector. Subsequently, the

metal assays of the MT1 sample shesv% metals (Cdt+
Zn) by mass, which indicates complete occupation of all
metal-binding sites by cadmium or zinc.

For binding studies, TTR was iodinated with & (NEN)
using the lodogen (Sigma) method, following the supplier's
instructions. To a reaction tube coated with 106 of
lodogen, 1 mCi, 37 MBqg of N&3 was added, followed by
10ug of TTR in PBS. The reaction was allowed to proceed
on ice for 20 min. The iodination mix was subsequently
desaltedn a 5 mL Sephadex G50 column. Onl3-TTR
that is more than 95% precipitable in trichloroacetic acid
was used.

Binding of 1*9-TTR to MT1 was carried out in 96 well
plates (Maxisorp; Nunc, Rochester, NY) coated overnight
with 2 ug/well of MT1. Increasing concentrations &¥-
TTR (as indicated) in binding buffer (0.1% skim milk in
minimal essential medium, MEM) were incubated in each
well for 2 h at 37°C with gentle shaking. Unoccupied sites
were blocked by addition of 2Q@L of 5% nonfat dried milk
in PBS for 2 h at 37°C. We performed three replicas of
each sample. Binding was determined after 5 washes with
ice cold PBS with 0.05% Tween 20 (0.2 mL/wash). Then,
100uL of elution buffer (NaCl 0.1 M containing 1% Nonidet
P40) was added for 5 min at 3T, and the content of the
wells (bound TTR) was aspirated and counted in a gamma
counter (Wallac, Wizard). Nonspecific binding was deter-
mined by incubating similar amounts of label&8-TTR in

PACT2—cDNA constructs were isolated from positive yeast i \yelis in the presence of 1@amolar excess of nonlabeled

colonies, as recommended by the supplier, transformed into

supercompeterischerichia coliXL1B, grown under selec-
tion, reisolated, and analyzed by restriction digests. The
purified constructs were then retested with the pGBKT7
TTR bait construct. Positive inserts were sequenced and
analyzed by comparison to the GenBank sequence data.

In Vitro Transcription/Translation and Co-immunopre-
cipitation (Co-IP). The MT2 construct was obtained from
the library made in the pACT2 vector, lacking the T7
promoter which was introduced by PCR upstream of-HA
MT2, using the following primers: 'BAA ATT GTA ATA
CGA CTC ACT ATA GGG CGA GCC GCC ACC ATG
TAC CCA TAC GAC GTT CCA GAT TAC GCT 3and
5'ACT TGC GGG GTT TTT CAG TAT CTACGA T3 In
vitro transcription/translations of T7-HAMT2 linearized
template and the pGBKTF7c-Myc—TTR construct were
carried out using the TNT-T7 coupled reticulocyte lysate
system (Promega), with335]methionine incorporation
(>1,000 Ci/mmol at 10 mCi/mL; Amersham-Pharmacia
Biotech), according to the manufacturer’s instructions. The
fusion proteins were analyzed by SDS-PAGE and autorad-
iography. Co-IP was performed with the HMT2 and
c-Myc—TTR fusion proteins and HATag polyclonal or
c-Myc monoclonal antibody, using a Matchmaker Co-IP kit

(cold) TTR. Specific binding was calculated as the difference
between total binding and nonspecific binding. Binding data
were fit to a one-site model and analyzed by the method of
Klotz and Hunston using nonlinear regression analysis with
the Prism program (GraphPad Software Inc.), as previously
described 26). The results presented are representative of a
minimum of two independent experiments.

Animals.Three male Wistar rats were housed in appropri-
ate cages at constant room temperature in a 12 h light/12 h
dark cycle and given standard laboratory chow and water
ad libitum. Euthanasia was carried under anaesthesia (Clo-
rketam 1000), and the CSF, choroid plexus (CP), and kidney
(K) were collected and frozen at-80 °C for protein
extraction. Brains including the CP were also fixed in 4%
paraformaldehyde for immunohistochemistry. All procedures
were performed in compliance with National and European
Union regulations for the care and handling of laboratory
animals (Directive 86/609/EEC).

Protein Extracts, Electrophoresis, and Western Blot.
Kidneys and CPs from both the lateral and fourth ventricle
from 3—5 day old rats (both sexes) were dissected under a
stereomicroscope and kept in Hank’s balanced salt solution
(HBSS). After sonication for 5 min, the extracted material
was sedimented at 1209C0or 30 min at 4°C. Protein

(BD Biosciences), as per the manufacturer’s instructions. concentrations from resulting supernatants were determined
Positive controls of Co-IP were performed in parallel with by a Bio-Rad protein assay reagent (Bio-Rad, Hercules, CA)
the experiment. Proteins were resolved by SDS-PAGE on aaccording to the manufacturer’s directions. The samples were
12% gel, followed by autoradiography. resolved in 12.5% polyacrylamide native or SDS-PAGE gels
Radioligand Binding AssaysRecombinant TTR was for 2 h at 150 V. Proteins were transferred to PVDF
purified from Escherichia coliD1210 transformed with  membrane (Bio-Rad, 0.22n) under acidic conditions (0.7%

plasmids carrying wild-type TTR cDNA, as described by
Almeida et al. 25). The same procedure was employed to
isolate Cys10Ser TTR. Commercial rabbit liver MT1 was

acetic acid) ove4 h at1000 mA. Membranes were cut in
two pieces, one containing human TTR, K, and CP total
protein extracts and the other with MT1 and the same protein
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extracts. The first half of the membrane was incubated with room temperature. Cells were then incubated overnight at 4
a rabbit anti-mouse TTR diluted to 1:1000. Alkaline phos- °C with the primary antibodies, mouse monoclonal MT1/2
phatase conjugated goat anti-rabbit IgG+(H.) linked was antibody (Abcam; 1:50) and rabbit anti-mouse TTR antibody
used as a secondary antibody (1:20000 dilution). The other(1:1000). After washing, the cells were incubated for 60 min,
half of the membrane was incubated with a mouse mono- at room temperature, with Alexa Fluor 488 goat anti-rabbit
clonal MT1/2 antibody (Abcam, UC1MT; recognizes MT1 IgG conjugate (Molecular Probes;uh/mL) or with Alexa
and MT2), diluted to 1:1000, and alkaline phosphatase Fluor 546 goat anti-mouse 1gG conjugate (Molecular Probes;
conjugated goat anti-mouse Ig& IgM (H + L), linked 1ug/mL). To determine if MT1/2 is present in endoplasmic
secondary antibody, was diluted to 1:20000. Peptide neu-reticulum (ER), CP cells were also incubated with a goat
tralization of the primary antibody anti-MT was carried out polyclonal MT1/2 antibody (Santa Cruz Biotechnology; 1:50)
using the same dilution of the antibody and a 10-fold (by and with an antibody directed against the ER-associated
weight) excess of MT1 protein in a small volume of PBS. protein disulfide isomerase raised in a mouse (Molecular
This pre-absorption was carried out overnight 8C4 Protein Probes, 1:1000) overnight at°€. After washing, the cells
bands were detected using the enhanced chemifluorescencwere first incubated for 60 min, at room temperature, with
(ECF) system (Amersham Biosciences) and analyzed byAlexa Fluor 350 donkey anti-goat IgG conjugate (Molecular
densitometric analysis using the Quantity One software (Bio- Probes; lug/mL) and then, after the washings, with Alexa
Rad). Fluor 488 goat anti-mouse IgG conjugate (Molecular Probes;

Cross-Linking of TTR to MTHuman recombinant TTR 1 xg/mL). To assess immunostaining specificity, the primary
(2ug) was incubated fdl h at 37°C with 2 ug of commercial antibody was omitted in some coverslips. Under these
MT1 from rabbit liver (Sigma). The cross-linker bis- conditions, no specific immunofluorescence was detected.
(maleimido)ethane (BMOE, Pierce) was prepared 1000-fold Fluorescence was analyzed on a Zeiss inverted microscope.
concentrated in dimethylsulfoxide and added to the protein Dot Blot ExperimentsRat CSFs and rabbit liver MT1,
sample to a final concentration of 0.2 mM. The reaction used as positive control, were immobilized in PVDF
mixture was incubated fol h atroom temperature. The membranes. Membranes were incubated with mouse mono-
products were boiled for 5 min, separated on a 15% SDS-clonal MT1/2 antibody using the protocol described for
PAGE, and visualized by silver staining or transferred to Western blotting. Peptide neutralization of anti-MT1/2 was
PVDF and visualized by human anti-TTR or anti-MT1/2 carried out using the protocol described before.
immunoblotting, as described before.

Primary Cell Culture of Choroidal Epithelial Cells. RESULTS
Animals used in the experiments were anesthetized with 50 . . .
uL of Clorketam 1000 before euthanasia. Choroid plexus . We present severa[ "”?S of evujeng:e indicating that TTR
tissues from both the lateral and fourth ventricles frors3  Interacts with MT1/2 in vitro and in vivo. .
day old rats (both sexes) were dissected under a stereomi- Detection of the TTRMT Interaction by Two-Hybrid
croscope and kept in Hank’s balanced salt solution (HBSS). Screening in Yeasflo identify new proteins that interact
The tissues were then digested in HBSS containing 0.2% With TTR, a fusion construct of the GAL4 DNA-binding
in DMEM medium supplemented (Sigma, St. Louis, MO) CDNA library. Of the_3.6x 1 transformants screened, 59
with 10% fetal bovine serum (FBS) (Biochrom AG) and 100 CDNA clones grew in the absence of tryptophan, leucine,
units/mL of penicillin/streptomycin (Sigma). Cells were histidine, and adenine, and-galactosidase activity was
further mechanically dissociated thrdug 1 mLpipet tip ~ €xpressed. The pACT2/cDNA plasmids were isolated and
for 1—2 min. Dissociated cells were washed in DMEM with retested. After retransformation, 17 independent positive
penicillin, streptomycin, and 10% FBS and resuspended in clones were identified and sequenced. A homology search
a normal growth medium of DMEM supplemented, in of the GenBank database revegled that seven of these clones
addition to antibiotics and 10% FBS, with 10 ng/mL €ncoded human metallothionein 2.
epidermal growth factor (EGF) (Sigma),/mL insulin Binding of TTR to MT In VitroTo characterize the TTR
(Sigma), and 2(M cytosine arabinoside (Ara-C) (Sigma). MT2 interaction, we started by investigating, in vitro, the
The cells were plated and cultured in a humidified incubator interaction of TTR with commercially available rabbit liver
with 95% air-5% CQ, at 37 °C. After the firg 2 h of MT1, a highly conserved mammalian MT isoform. Rabbit
incubation resulting in fibroblast adhesion, supernatants wereliver MT1 contains 92% homology with human MT2. When
collected, and nonadherent cells were seeded into 12 mmthe concentration of MT1 adsorbed to microtiter wells was
laminin-coated culture wells (Nunc). The growth medium held constant (.g/well), binding of **4-TTR was dose-
was replaced 2 days after the initial seeding and every 2  dependent, specific, and saturable, with an appafgruf
days thereafter. A 67 day culture was used in co- approximately 244.8& 44.1 nM (Figure 1A). In an attempt
immunolocalization studies. to verify if the TTR—MT1/2 interaction occurs through the

Co-immunolocalization.After rinsing, the cells were  thiol group of the only cysteine residue in TTR (residue
prefixed in minimal essential medium with a few drops of Cys"), binding assays with a mutant form TTR(Cys10Ser)
4% paraformaldehyde and fixed in 4% paraformaldehyde for were carried out. The competition effect of TTR(Cys10Ser)
10 min. Cells and choroid plexus paraffin sectionsu(f) was similar to that of wtTTR, excluding an interaction via
were then permeabilized with 1% Triton X-100 in phosphate- disulfide bridges (data not shown).
buffered saline (PBS) for 10 min and blocked by incubation  In Vitro Transcription/Translation and Co-immunopre-
with 20% FCS in PBS with 0.1% Tween-20 for 60 min at cipitation. The interaction between TTR and MT was further
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Ficure 1: In vitro characterization of the TTRMT interaction.

(A) Binding of 124-TTR to MT immobilized in microtiter wells (2
uglwell). The indicated concentrations BA-TTR were added to
wells preincubated with MT, and the specific binding was assessed.
(B) Autoradiography of the SDS-PAGE analysis of translates]{
methionine proteins. Lanes 1 and 2: Co-IP kit control fusion
proteins c-Mye-p53 and HA-SV40 large-T antigen; lanes 3 and
4: fusion proteins c-Mye TTR and HA-MT2. (C) Autoradiog-
raphy of the SDS-PAGE analysis shows that TTR co-immunopre-
cipitates with MT2. Lane 1: HAMT2 protein only; lanes 2 and

3: negative controls of Co-IP (c-My€T TR with anti-HA and HA-

MT2 with anti-c-Myc); lanes 4 and 5: c-My€TTR and HA—
MT2 immunoprecipitated with anti-c-Myc and anti-HA, respec-
tively; lanes 6 and 7: positive controls of the Co-IP kit (c-Myc
p53 with anti-c-Myc and HA-SV40 large-T antigen with anti-HA).

characterized by generating Myc and HA fusion proteins
using rabbit reticulocyte lysates followed by co-immuno-
precipitation (Co-IP). Fusion proteins c-Myd@ TR and HA—
MT2 were in vitro transcribed/translated wifi$]methionine

Biochemistry, Vol. 47, No. 8, 2008247

tissues, where these two proteins coexist. Total protein
extracts from the rat choroid plexus and kidney were
prepared, and native polyacrylamide gel electrophoresis
followed by Western blotting, with anti-TTR and anti-MT1/2
antibodies, were carried out. The monoclonal anti-MT
antibody used recognizes both MT1 and MT2 isoforms. As
can be seen in Figure 2, an upper band (*) recognized by
anti-MT and anti-TTR antibodies was observed in both
tissues, with different electrophoretic mobilities from free
TTR and MT1 (Figure 2, lower bands). Controls performed
with secondary antibodies and with the MT-neutralized
antibody confirmed antibody specificity (data not shown).
These results are compatible with the existence of ¥TR
MT1/2 complexes in both tissues.

Cross-Linking of TTR to MTIn order to further demon-
strate that TTR interacts with MT1/2, cross-linking experi-
ments with both proteins, using BMOE (Figure 3), were
carried out. In silver-stained gels, as seen in lane 3 of Figure
3A, TTR cross-linked with MT1 shows one extra band with
an intermediate electrophoretic mobility, compared to the
dimeric and monomeric TTR forms (indicated by an arrow).
To better elucidate these observations, we performed im-
munodetection for both TTR and MT1 (Figure 3B). As in
silver-stain detection, the observed extra band resulting from
TTR cross-linked to MT1 incubated with human anti-TTR
(Figure 3B, lane 3) is different from the bands obtained with
TTR alone and with cross-linked TTR alone (Figure 3B,
lanes 1 and 2). The MT immunoblot of TTR cross-linked
with MT1 (Figure 3B, lane 6) revealed also an extra band
(indicated by an arrow) with the same electrophoretic
mobility as the band observed in lane 3 detected with the
anti-TTR antibody. MT1 alone and cross-linked MT1 alone
are shown in lanes 4 and 5, respectively (Figure 3B), further
sustaining an interaction between both proteins where MT1
appears to bind the monomeric form of TTR.

Co-localization of TTR and MTTo co-localize TTR and
MT in vivo, we performed double staining of MT1/2 and
TTR. For this purpose, rat primary cell cultures from
choroidal epithelial cells were established, and rat CP paraffin
sections were prepared. Immunofluorescence staining was
performed using MT1/2 and TTR antibodies followed by
incubation with anti-mouse and anti-rabbit Alexa Fluor
secondary antibodies, respectively (Figure 4). MT was
localized throughout the cytoplasm and the nucleus, whereas
TTR was localized in the cytoplasm only. For co-localization
analysis, images of MT (red channel) and TTR (green
channel) were digitally merged using 25 Software, release
4.4(Carl Zeiss Imaging Systems). MT and TTR were co-

incorporation and detected by autoradiography, as shown inlocalized in the cytoplasm, particularly in the perinuclear area

Figure 1B. The c-Mye TTR protein together with HA
MT2 was then immunoprecipitated. When the anti-c-Myc
antibody was used for immunoprecipitation, the HNT2
protein was coprecipitated (lane 4, Figure 1C). When the
anti-HA antibody was used for immunoprecipitation, the
c-Myc—TTR protein was coprecipitated (lane 5, Figure 1C),
therefore supporting an interaction between TTR and MT2.
Negative (lanes 2 and 3, Figure 1C) and positive (lanes 6
and 7, Figure 1C) controls confirmed antibody specificity.
TTR Binds MT in Rat Choroid Plexus and Kidney Tissues.
MT1 as well as MT2 has been reported to be ubiquitously
expressed in all tissues analyzed to d&@,(which led us
to investigate the presence of THRIT complexes in other

as shown by yellow areas in the merged image (Figure 4A
and B). The presence of MT in the ER shown by the yellow
areas in Figure 4C strongly suggests that co-localization
occurs in this cellular compartment, where TTR is also
present.

CSF Dot Blot ExperimentsAll of the obtained results
prompt us to hypothesize that, like TTR, MT1/2 would also
be present in CSF. To test this hypothesis, we searched for
MT in three different rat CSFs samples by dot blot experi-
ments incubated with anti-MT1/2 antibody. As we can see
in Figure 5, the obtained results clearly demonstrate that
MT1/2 is present in rat CSF. In order to exclude nonspecific
binding of the MT antibody to rat immunoglobulins, we have
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FIGURE 2: Anti-MT1/2 and anti-TTR immunoblot analysis under native conditions of total protein extracts from rat kidney (K) and choroid
plexus (CP). Lanes 1 and 4: 3@ of rat kidney protein extract; lanes 2 and 5: @& of rat CP protein extract; lanes 3 and 6;ugd of

pure MT1 and lug of pure TTR, respectively. The upper arrows indicate the complex TTR bound to MT1 (*). The lower arrows indicate
free MT1 and free TTR.
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FiGure 3: Cross-linking of TTR to MT1 with BMOE, analyzed in 15% SDS-PAGE. Arrows indicate the-¥TWIR cross-linked species;

* and ** indicate the TTR monomer and dimer, respectively. (A) Silver-stain detection. Lanes 1 and 2: TTR without and with BMOE; lane
3: TTR cross-linked to MT1 with BMOE; lanes 4 and 5: MT1 without and with BMOE. (B) Western blot detection of TTR cross-linked
to MT1 with BMOE. Anti-TTR- lanes 1 and 2: TTR without and with BMOE; lane 3: TTR cross-linked to MT1 with BMOE. Anti-MT-
lanes 4 and 5: MT1 without and with BMOE; lane 6: TTR cross-linked to MT1 with BMOE.

carried out MT1/2 neutralization of the primary antibody linking experiments in vitro, and co-localization of the two
against MT, and in this situation, no dots were detected in proteins in vivo using double immunofluorescence. The
the CSF. affinity of TTR to MT1/2 is relatively high, with &g of
244.8 + 44.1 nM, the same order of magnitude as that
DISCUSSION previously reported for other TTR ligand&{TTR—RBP]
The focus of our research was to identify new ligand TTR = 800 nM; K TTR—T4] = 10nM) (29). The results obtained
interactors to better understand its role in normal physiology in competition binding assays with the mutant TTR-
and in pathological conditions such as amyloid deposition, (Cys10Ser) and wtTTR showed similar competition effects,

;[‘T-I;TR amy Itoigosef,_as t\)/vell as ir,: tAD'hV\tl)e. dsearfhed fqr demonstrating that C¥sresidue is not involved in TTR
-associated proteins by a yeast two-nyorid system usingy r4 interaction, therefore excluding an interaction via

TTR CDNA as bait. While screening a human liver cDNA disulfide bonding. Western blot studies under native condi-

library, we identified MT2 as a putative TTR-associated . ) .
protein. However, the yeast two-hybrid system provides only tions showed TTRMT1/2 complexes in rat CP and kidney.

potential interactions that have to be confirmed by further Immunoblotting using both the anti-MT and the anti-TTR

biological experimentatior2@). Therefore, to test the TTR antibodies in samples containing TTR and MT cross-linked
MT2 interaction, we performed co-immunoprecipitation, by BMOE detects a molecular weight protein complex which
competition binding assays, Western blotting and cross- has an electrophoretic mobility between the TTR monomer
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merge

MT ER merge

Ficure 4: Immunofluorescence microscopy of MT1/2 co-localization with TTR and ER. (A) Rat CP primary cell culture}, (&3

paraffin sections of rat CP (20. Both cells and CP sections were stained with a mouse monoclonal MT1/2 antibody followed by Alexa
Fluor 546 goat anti-mouse IgG conjugate (red) and a rabbit polyclonal TTR antibody followed by Alexa Fluor 488 goat anti-rabbit IgG
conjugate (green). (C) Rat CP primary cell cultures$3tained with a goat polyclonal MT1/2 antibody and with an antibody directed
against the ER-associated protein disulfide isomerase raised in mouse followed by incubation with Alexa Fluor 350 donkey anti-goat 1gG
conjugate (red) and Alexa Fluor 488 goat anti-mouse 1gG conjugate (green). Co-localization of MT/TTR and MT/ER corresponds to the
yellow areas in merged images.

A B C

Ficure 5: Anti-metallothionein immunoblot analysis of membrane-immobilized rat CSF. (#g of rabbit liver MT1; (B) 10uL of rat
CSF; (C) 15uL of rat CSF.

and dimer, suggesting that MT binds the monomer of TTR should a complex exist, it may localize in the secretory
but not dimers nor tetramers. In vivo experiments, with pathway of CP cells or it may form outside of the cell in the
double immunostaining of MT1/2 and TTR, demonstrated CSF. TTR synthesized by CP is released into the CSF, and
co-localization of these proteins in the cytoplasm of CP cells we have detected MT1/2 in CSFs from rats, which is likely
and in CP tissue sections. Moreover, the presence of MT1/2to be secreted by CP as well. Actually, MTs have been found
in the ER strongly suggests that TTR and MT1/2 co-localize in both intracellular compartments and in extracellular spaces.
in this cellular compartment. Despite the fact that co- Although the presence of MT outside of the cells has been
localization does not mean the existence of a complex, thelinked to stressful conditions, the process of its release is
simultaneous presence of both proteins in the ER and thenot yet well-clarified. Lynes et al.30) suggested that MT
detection of TTR-MT complexes in the CSF suggest that may be selectively released, and the pool of extracellular
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MT may represent an important regulator of various cellular REFERENCES

functions.

Regarding the presence of THRMT complexes in the
kidney, as demonstrated by Western blotting in native
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