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Abstract Transthyretin (TTR) associated amyloido-

sis is an autosomal dominant disorder characterized by

peripheral and autonomic neuropathy. Both genetic

and environmental factors are thought to be involved in

development of TTR associated amyloidosis. Previ-

ously, we demonstrated that amyloid deposition was

observed in various tissues of transgenic mouse lines

carrying a human mutant TTR (Met30) gene. To

analyze the influence of environmental factors on TTR

amyloidosis, these amyloidogenic transgenic mouse

models were kept under conventional (CV) or specific

pathogen free (SPF) conditions. Although the serum

levels of Met30 for mice housed in the CV and SPF

conditions were similar, amyloid deposition was

observed in CV conditions, but not in SPF conditions.

In addition, the extent of amyloid deposition in

transgenic mice was dependent on duration kept under

CV conditions. There were significant differences in

proportion of amyloid deposition in several tissues

between CV and SPF conditions. Maintenance of these

mice at 30�C did not induce amyloid deposition in SPF

conditions. These results suggest that the SPF condi-

tions can completely prevent amyloid deposition, and

that environmental factors can affect the onset and

progression even in a single gene disorder.
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Introduction

Amyloidoses are intractable diseases, which are

caused by various genetic and environmental factors.

Extensive studies have been done on genetic factors,

but little is known about environmental factors

involved in these disease processes. Identification of

environmental factors is important from practical

viewpoints to devise effective treatments for diseases.

Transthyretin (TTR)-associated amyloidosis (ATTR)

is an autosomal dominant form of systemic amyloi-

dosis characterized by the aggregation of variant TTR

into stable and insoluble fibrils (Andrade 1952;

Glenner 1980a, b). About 110 TTR variants have

been identified and more than 90 of which are

associated with human amyloidosis. The most com-

mon type is caused by the substitution of valine (Val)

to methionine (Met) at position 30 of the TTR protein

(Met30), which predominates over the other types in

Japan (Tawara et al. 1983), Portugal (Saraiva et al.

1983), Sweden (Westermark et al. 1985), and the

United States (Benson and Dwulet 1985). Clinical

symptoms of these kindreds are characterized by

amyloid deposits, which usually occur in peripheral

nerves and vital organs such as intestine, kidney, and

heart, and result in varied syndromes leading to death

(Glenner 1980a, b). It is interesting that the average

age at onset differs significantly among Japanese,

Portuguese, and Swedish patients. In addition, the age

of onset varies greatly even in the same family

member. These findings suggest the presence of

environmental factor(s), other than a mutation in the

TTR gene.

Previously, we produced four different transgenic

mouse lines carrying a human mutant TTR gene

(Nagata et al. 1995; Takaoka et al. 1997; Wakasugi

et al. 1987; Yamamura et al. 1987; Yi et al. 1991)

driven by different promoters. First line is termed as

the Tg (MT-hTTRMet30) (MT-Met30), because the

transgene contains genomic Met30 gene driven by the

metallothionein (MT) gene promoter that can express

Met30 in various tissues (Wakasugi et al. 1987).

Second line is the Tg (0.6-hTTRMet30) (0.6-Met30)

that carries genomic Met30 gene with a 0.6 kb

upstream region from the hTTR gene. Previous study

showed that 0.6 kb upstream region is sufficient for

liver-specific expression, but insufficient for expres-

sion in choroid plexus (Yamamura et al. 1987). Third

line is the Tg (6.0-TTRMet30) (6.0-Met30) that

carries the genomic hMet30 gene with a 6.0 kb

upstream region from the hTTR gene. In this case, the

transgene was expressed not only in the liver, but also

in the choroid plexus (Nagata et al. 1995). The fourth

line is the Tg (7.2-TTRMet30) (7.2-Met30) that

carries a Met30 cDNA with a 7.2 kb upstream region

from the hTTR gene (Takaoka et al. 2004). All

transgenic mouse lines were proved to develop

amyloid deposition in various tissues (Takaoka et al.

2004, 1997; Wakasugi et al. 1987; Yi et al. 1991).

Thus, these transgenic mice are good research models

to investigate the environmental factors involved in

amyloidogenesis of ATTR.

Environmental factors can be classified into

intrinsic and extrinsic factors. In the stomach of

transgenic mouse line, amyloid deposition was found

in the non-glandular side, but not in the glandular side

(Takaoka et al. 1997), suggesting that intrinsic fac-

tors such as local tissue structure are involved in

amyloid deposition. We also demonstrated that the

intestinal flora such as weak pathogens, as an

extrinsic factor, could affect the amyloid deposition

in transgenic mice (Noguchi et al. 2002). In this

experiment, we examined whether the extrinsic

environmental factor can affect amyloid deposition.

Since recent studies demonstrated that environmental

factors can affect the gene expression through

modification of DNA or chromatin (Jirtle and Skinner

2007), we used four transgenic mouse lines which

carry different promoters connected to either geno-

mic Met30 gene or Met30 cDNA as mentioned

above. We here showed that amyloid deposition was

never found under specific pathogen free (SPF)

conditions, and that the extent of amyloid deposition

was correlated with duration kept under conventional

(CV) conditions.

Materials and methods

Transgenic mouse lines

We used four transgenic mouse lines, MT-Met30,

0.6-Met30, 6.0-Met30 and 7.2-Met30 as described

previously (Nagata et al. 1995; Takaoka et al. 2004;

Wakasugi et al. 1987; Yamamura et al. 1987).

Table 1 shows the characterization of four transgenic

mouse lines. In all mouse lines, amyloid deposition

occurred in the various organs and tissues, except
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nervous tissues, under CV conditions. MT-Met30

mouse line was originally produced using fertilized

eggs obtained by mating between BDF1 males and

females. After establishment of this line, No. 5 line

was selected because of the high serum expression of

Met30. This mouse was backcrossed to C57BL/6

mouse for more than 10 generations. All other lines

were produced using fertilized eggs from C57BL/6.

No. 61, No. 15 and No. 2 lines of 0.6-Met30,

6.0-Met30, and 7.2-Met30 lines, respectively, were

used in the following studies. Previous studies

demonstrated that amyloid deposits during 6–9 months,

12–18, or 21–24 months of age are similar (Yi et al.

1991; Takaoka et al. 1997, 2004), thus we classified our

mice into three groups, 6–9, 12–18, and 21–24 months

of age and analyzed amyloid deposition. All animal

experiments were performed in accordance with the

Declaration of Helsinki and were carried out with the

approval of the Kumamoto University Ethical Com-

mittee for Animal Experiments.

Housing conditions

The transgenic mice were kept in plastic cages under

the conventional facility in the Inoue Experimental

Animal Center (Kumamoto, Japan). For SPF condi-

tions, we used a SPF area either in the Center for

Animal Resources and Development, Kumamoto

University (Kumamoto, Japan) or in the Laboratory

Animal Unit, Research and Development Division,

Takeda Chemical Industries, LTD. These animal

rooms were controlled 12-h light-dark cycle at

22 ± 2�C. To analyze the effect of high temperature,

transgenic mice were kept under SPF conditions at

30�C in the Laboratory Animal Unit, Research and

Development Division, Takeda Chemical Industries.

All mice were fed standard rodent diet with water

provided ad libitum.

PCR and Western blot analysis

Identification of transgenic mice was performed by

polymerase chain reaction (PCR) and Western blot

analysis. For PCR, DNA was extracted from tail tissue

and amplified using two human TTR primer sets.

Western blotting was performed as described (Nagata

et al. 1995). Blood samples were collected from the

eye artery after ether anesthesia. Mouse sera were

analyzed by 17% SDS polyacrylamide gel electropho-

resis, and electroblotted onto Immobilon-P transfer

membranes (Millipore, USA). The membranes were

incubated with rabbit anti-human transthyretin anti-

body (MBL, Japan), and then treated with horseradish

peroxidase-conjugated goat anti-rabbit IgG. Blotted

TTR protein was detected with chemiluminescence

detection system (ECL, Amersham, USA), according

to the manufacturer’s protocol.

Histochemical analysis

All transgenic mice were killed by cervical dislocation.

Various tissues including the heart, kidneys, spleen,

liver, lungs, pancreas, stomach, small and large

intestines, urinary bladder, thyroid gland, lymph

nodes, bone marrow, sciatic nerves, autonomic nerves,

and brain, were excised and fixed in 10% neutral

buffered formalin, and embedded in paraffin (Yi et al.

1991). Paraffin sections were stained with hematoxylin

and eosin (HE). For histochemical demonstration of

amyloid, paraffin sections were stained with Congo red

after potassium permanganate (KMnO4) treatment as

described previously (Yi et al. 1991). To detect the

emerald green birefringence emitted from amyloid

deposits, the Congo red-stained paraffin sections were

observed under a polarized microscope. For immuno-

histochemistry, paraffin sections were stained with the

indirect immunoperoxidase methods. The antibodies

Table 1 Characterization of transgenic mouse lines

Tg line Promoter Coding Serum concentration (mg/dl)

0.6-hMet30 0.6 kb upstream of hTTR Genomic V30M 1.5–3.0

6.0-hMet30 6.0 kb upstream of hTTR Genomic V30M 13.7–14.5

MT-hMet30 Mouse metallothionein I Genomic V30M 1.0–4.8

7.2-hMet30 7.2 kb upstream of hTTR cDNA V30M 4.8–5.7
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used were anti-human prealbumin (Beringwerke,

Marburg, Germany) and anti-mouse SAP (Behring

Diagnostics, La Jolla, USA).

Western blot analysis

Mouse sera (6 ll of mouse serum diluted 1:50 in

0.9% NaCI per lane) were applied to 12% polyacryl-

amide gel electrophoresis and transferred to an

immobilon polyvinylidene difluoride filter (Millipore,

Billerica, MA, USA). Primary antibodies were used

at the indicated dilutions: rabbit anti-human TTR

antibody (diluted 1:1,000) (MBL, Nagoya, Japan).

An anti-rabbit immunoglobulin G antibody conju-

gated with horseradish peroxidase (Amersham Japan,

Tokyo, Japan) was used for detection.

Statistical analysis

StatView software (SAS Institute, Cary, NC) was

used to compare the data shown in Tables 3 and 4. In

Table 3, the statistical significance between groups

was estimated using Kruskal–Wallis test and Mann–

Whitney U test with Bonferroni correction. P values

less than 0.05 were considered significant. In Table 4,

the statistical significance between groups was esti-

mated using Fisher’s exact test. P values less than

0.05 were considered significant.

Results

No amyloid deposition under SPF conditions

We first investigated the extrinsic environmental

factors in amyloid deposition, using three mouse

lines, MT-Met30, 0.6-Met30, and 6.0-Met30. The

reason is that each line carries the transgene which

contains human genomic Met30 gene, but not cDNA.

Thus, we can examine the effect of environmental

factors on different promoters, and we can avoid any

effects caused by structural differences between

genomic DNA and cDNA. These mice were kept

either in CV or SPF conditions until 24 months of age

and were examined for amyloid deposition. Under

CV conditions, amyloid deposition was observed in

one MT-Met30 mouse during 6–9 months of age.

Later on, amyloid deposits were observed in 4 of 8,

7 of 11, and 10 of 13 transgenic mice carrying

0.6-Met30, or 6.0-Met30, or MT-Met30, respectively,

during 12–18 months of age. Finally, amyloid depos-

its were observed in 4 of 6, 6 of 6, and 7 of 7

transgenic mice carrying 0.6-Met30, or 6.0-Met30, or

MT-Met30, respectively, during 21–24 months of

age. In contrast, no amyloid deposition was observed

in all mice under SPF conditions during observation

(Fig. 1 and Table 2). Table 3 shows the proportion,

location and relative amount of amyloid deposits in

the various tissues when housed in CV conditions.

There were statistically significant differences in

proportion of amyloid deposition in several tissues

between 0.6-Met30 and 6.0-Met30 or MT-Met30

mice. But, the pattern of deposition was the same as

reported previously (Fig. 1) (Kohno et al. 1997;

Takaoka et al. 1997; Yi et al. 1991). We then

examined whether CV or SPF conditions affected

the serum levels of human TTR in each transgenic

mouse line by Western blotting. The serum levels of

Val30 for mice housed in the CV and SPF conditions

were similar (Fig. 2) as reported previously (Tagoe

et al. 2003). These results suggest that SPF condi-

tions can prevent amyloid deposition completely

without affecting serum levels of Met30.

Correlation between CV conditions and amyloid

deposition

As CV conditions facilitated amyloid deposition, we

examined whether the duration kept under CV condi-

tions is related to the extent of amyloid deposition. In

this experiment, we used the 7.2-hMet30 line. This

mouse line carries human Met30 cDNA, instead of

genomic Met30 gene, but similar amyloid deposition

was observed in this line (Takaoka et al. 2004)

compared to other mouse lines (Takaoka et al. 1997;

Yi et al. 1991). These transgenic mice were divided

into four groups. One group, SPF24, was kept under

SPF conditions during 24 months. The second group,

SPF14/CV10, was kept under SPF for initial

14 months after birth, and then switched to CV for

following 10 months. The third group, SPF8/CV16,

was kept under SPF conditions for 8 months after

birth, then kept under CV conditions for another

16 months. The fourth group, CV24, was kept under

CV conditions for 24 months. Amyloid deposition was

observed in 0 of 17, 1 of 14, 6 of 19, or 8 of 8 of the

SPF24 group, SPF14/CV10 group, SPF8/CV16 group,

or CV24 group, respectively. There were statistically
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significant differences in frequency of amyloid

deposition between SPF24 and SPF8/CV16 or CV24

groups (Table 4). Amyloid deposition was most

prominent in the small intestine and kidney, less

prominent in the heart, thyroid and upper stomach.

Thus, tissue distribution of amyloid deposition was

similar to that observed in previous studies (Takaoka

et al. 2004, 1997; Yi et al. 1991). These results clearly

suggest that the extent of amyloid deposition is

correlated with the duration kept under CV conditions.

No amyloid deposition under 30�C room

temperature

There are many environmental differences between

SPF and CV including intestinal flora, room temper-

ature, or moisture. We expected that blood vessels

might be dilated under high temperature, and that

leakage of tetramers into extra-cellular tissues might

occur eventually leading to amyloid deposition. In

addition, room temperature is easy to control. To test

this possibility, we kept MT-Met30, 0.6-Met30, and

Fig. 1 Histochemical analysis. Tissues obtained at 24 months

of age were stained with Congo red, then viewed under

polarizing light. The pattern of amyloid deposition under CV

conditions was the same as reported previously. No amyloid

deposition was observed in all strains under SPF conditions.

Bars = 100 lm

Table 2 Effect of SPF conditions on amyloid deposition

Tg line Months of age

6–9 12–18 21–24

CV 0.6-hMet30 0/2 4/8 4/6

6.0-hMet30 0/12 7/11 6/6

MT-hMet30 1/8 10/13 7/7

SPF 0.6-hMet30 0/8 0/12 0/8

6.0-hMet30 0/8 0/8 0/8

MT-hMet30 0/9 0/12 0/8
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6.0-Met30 mice at 30�C under SPF conditions for

2 years. Although four mice of each strain were

sacrificed for pathologic analysis every 6 months,

amyloid deposition was observed in none of these

transgenic mice.

Discussion

Here we demonstrated that SPF conditions prevented

completely amyloid deposition, and that CV condi-

tions as an environmental factor facilitated amyloid

deposition in transgenic mice.

Most of human disease is the result of the

interaction of genetic factors and environmental

factors. Common diseases, such as cancer and

diabetes, result from the complex interplay of genes

and environment. In addition, environmental factors

Table 3 Tissue distribution of TTR amyloid deposits at the age of 21–24 months

0.6-Met30 No. of mice with

amyloid/No. of mice

examined

6.0-Met30 No. of mice with

amyloid/No. of mice examined

MT-Met30 No. of mice with

amyloid/No. of mice examined

No. of mice

examined

6 6 7

Brain 0/6 (-) 0/6 (-) 0/7 (-)

Sciatic nerve 0/6 (-) 0/6 (-) 0/7 (-)

Retina 0/6 (-) 0/6 (-) 0/7 (-)

Submaxillary

gland

0/6 (-) 2/6 (-, -, -, -, ±, ±) 4/7 (-, -, ±, ±, +, +, +)*

Heart 2/6 (-, -, -, -, +, +) 5/6 (-, +, +, +, +, +++) 7/7 (++, ++, ++, ++. +++, +++,

+++)**

Lung 0/6 (-) 3/6 (-, -, -, ±, ±, +) 6/7 (-, ±, ±, ±, +, +, +)*

Upper alimentary

tract

3/6 (-, -, -, +, +, ++) 5/6 (-, +, ++, ++, ++, ++) 7/7 (++, ++, ++, +++, +++, +++,

+++)*

Lower alimentary

tract

3/6 (-, -, -, +, +, ++) 6/6 (+, +++, +++, +++,

+++, +++)

7/7 (+++, +++, +++, +++, +++,

+++, +++)**

Anal ring 1/6 (-, -, -, -, -, +) 3/6 (-, -, -, +, ++, ++) 7/7 (++, ++, ++, ++, +++, +++,

+++)**,#

Liver 0/6 (-) 6/6 (±, ±, +, +, ++, +++)** 7/7 (±, ±, ±, ±, ±, ±, ±)**,#

Spleen 0/6 (-) 4/6 (-, -, ++, ++, +++, +++) 3/7 (-, -, -, -, ±, ±, +)

Pancreas 0/6 (-) 2/6 (-, -, -, -, ±, ±)* 5/7 (-, -, ±, ±, ±, ±, ±)*

Kidney 1/6 (-, -, -, -, -, +) 5/6 (-, ++, ++, +++, +++,

+++)*

7/7 (++, +++, +++, +++, +++, +++,

+++)**

Testis 0/6 (-) 2/6 (-, -, -, -, ±, ±) 4/7 (-, -, -, ±, ±, ±, ++)

Urinary bladder 0/6 (-) 0/6 (-) 3/7 (-, -, -, -, +, +, +)

Lymph node 1/6 (-, -, -, -, -, +) 0/6 (-) 2/7 (-, -, -, -, -, ±, +)

Skin 2/6 (-, -, -, -, +, +) 3/6 (-, -, -, +, +, +) 7/7 (+, +, +, +, ++, ++, ++)*

Skeletal muscle 0/6 (-) 0/6 (-) 5/7 (-, -, ±, ±, ±, ±, +)*,#

-, no amyloid deposits; ±, deposition limited to the walls of small vessels; +, deposition in walls of small vessels and surrounding

areas; ++, moderate deposition in interstitium; +++, marked deposition in interstitium and parenchyma. * P \ 0.05 versus

0.6-Met30; ** P \ 0.01 versus 0.6-Met30; # P \ 0.05 versus 6.0-Met30

Fig. 2 Western blot analysis. Sera from transgenic mice were

separated by sodium dodecyl sulfate-polyacrylamide gel

electrophoresis and stained with anti-human TTR antibody.

The serum Val30 levels were unchanged under SPF conditions

in all strains
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are also involved in development of monogenic

genetic disorders. For example, in Huntington’s

disease, the total environmental effect accounts for

63% of the variance at age of onset (Wexler et al.

2004). As environmental factors include stress,

physical and mental abuse, diet, exposure to toxins,

pathogens, radiation and chemicals, weather and etc.,

it is difficult to determine environmental factors in

human patients. Thus, animal models for human

diseases have been used as tools for analyzing

environmental factors. Matsuda et al. (1997) demon-

strated that skin lesions similar to human atopic

dermatitis with IgE hyperproduction spontaneously

appeared in inbred NC/Nga mice under CV condi-

tions, but not under SPF conditions. The skin lesion

showed increased numbers of mast cells and CD4+ T

cells containing IL-4 necessary for IgE synthesis,

suggesting that environmental factor(s) triggered IgE

hyperproduction. Kuhn et al. (1993) demonstrated

that chronic enterocolitis resembling human inflam-

matory bowel disease (IBD) in IL-10 deficient mice

was less severe and delayed in onset under SPF

conditions. Later on, Kullberg et al. (1998) revealed

that Helicobacter hepaticus triggers colitis in SPF

interleukin-10 (IL-10)-deficient mice through an

IL-12- and gamma interferon-dependent mechanism.

Yoshitomi et al. (2005) demonstrated that rheuma-

toid arthritis in SKG mice failed to develop under

SPF conditions, but that fungal b-glucans triggered

severe chronic arthritis in SKG mice under SPF

conditions, probably through the IL-4 production

(Kobayashi et al. 2006). Taken together, the intesti-

nal flora may promote or be the targets of the

dysregulated inflammatory response encountered

under CV conditions in animal models of autoim-

mune diseases.

We showed that amyloid deposition was never

found under SPF conditions, and that the extent of

amyloid deposition was correlated with duration kept

under CV conditions. Shino et al. demonstrated that

senile amyloidosis as characterized by deposition of

apolipoprotein A-II in senescence-accelerated mouse

(SAM) was less severe in mice reared under SPF

conditions (Shino et al. 1987). However, impaired

immune activity in SAM mice did not affect directly

the development of senile amyloidosis or vice versa

(Hosono et al. 1997). We also showed that LPS

treatment did no affect amyloid deposition in terms

of the onset, progression, and tissue distribution

(Murakami et al. 1992). Although we demonstrated

that intestinal flora from CV conditions facilitated

amyloid deposition, this effect was limited to the

alimentary tract. Taken together, these results suggest

that immune response mediated through intestinal

flora may no be involved in ATTR.

Tagoe et al. reported that the frequency, extent or

nature of TTR-amyloid deposition did not differ

significantly between conventional and specific path-

ogen-free environments (Tagoe et al. 2003). In their

experiment, mice transgenic for the human wild type

TTR gene were maintained in a specific pathogen

free environment until 12 months of age. Then, half

the animals were moved to a CV animal facility. The

incidence of both TTR and AA amyloid was the same

in both groups at 2 years of age. This is inconsistent

with our data that TTR amyloid deposition was never

observed in any tissue of transgenic mice under our

SPF conditions. Our SPF and CV conditions might be

different from those of Tagoe et al. In our CV

conditions AA amyloid was indeed observed under

CV conditions, but not in SPF conditions. In addition,

the extent of amyloid deposition was correlated with

Table 4 Effect of CV duration on amyloid deposition

Experimental

condition

months Amyloid

deposition

SPF24 0/17

SPF14/CV10 1/14

SPF8/CV16 6/19*

CV24 8/8**, #, +

2 4 6 8 10 12 14 16 18 20 22 240

SPF CV

* P \ 0.05 SPF8/CV16 versus SPF24 groups; ** P \ 0.0001 CV24 versus SPF24 groups; # P \ 0.0001 CV24 versus SPF16/CV8

groups; + P \ 0.01 CV-24 versus SPF-8/CV16 groups
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duration kept under CV conditions, suggesting that

CV conditions are quite different from SPF condi-

tions in our experiment. On the other hand, CV

conditions may be similar to SPF conditions in their

mouse facility. Another possibility is the difference in

the gene used for transgenic production. We used the

mutant Met30 gene, while Tagoe et al. used the

normal Val30 gene. As Met30 tetramer is more

unstable (Ferrao-Gonzales et al. 2003; Nettleton

et al. 1998; Niraula et al. 2002; Quintas et al.

1997), dissociation of tetramer may occur more

easily under CV conditions in our experiment. As

no amyloid deposition was observed in three trans-

genic lines carrying different transgene constructs,

absence of amyloid deposition was not due to altered

regulation of Met30 gene expression. In fact, serum

levels of Met30 were similar under SPF and CV

conditions.

Difference between CV and SPF conditions is not

clear yet. Although room temperature is one of

environmental factor, at least maintenance of the

mice at 30�C did not induce amyloid deposition in

SPF conditions. We also previously demonstrated

that the thiol residue of Cys10 is involved in the

amyloid formation (Takaoka et al. 2004). When we

replaced the Cys10 with the serine, amyloid deposi-

tion was not observed in transgenic mice in spite of

the presence of Met at position 30. Thus, disulfide

formation may be involved in amyloidogenesis and

thus anti-oxidative agents may be inhibitory for

amyloid deposition. This is consistent with the data

that severe oxidative stress was observed in ATTR

patients (Ando et al. 1997). Furthermore, in the case

of an ATTR patient who possessed a mutant extra-

cellular superoxide dismutase (SOD) gene, amyloid

depositions are much more severe than those in SOD-

wild-type ATTR patients (Sakashita et al. 1998). This

oxidative damage appears to play a role in other

amyloidosis such as Alzheimer’s disease (AD).

Increased oxidation of certain specific plasma pro-

teins was reported to occur in AD patients, but not in

non-AD controls (Conrad et al. 2000). Taken

together, it is likely that the amyloid deposition is

facilitated by oxidative stress under CV conditions.

To devise more general and accessible treatment,

it is beneficial to find environmental factors involved

in amyloidogenesis. As the dissociation of the

tetramer into monomers is thought to be a critical

step for amyloidogenesis, many efforts were made to

find molecules that stabilize the TTR tetramer. So far,

small molecules and Cr3+ were shown to mediate

kinetic stability of TTR tetramers by binding to the

TTR tetramer (Almeida et al. 2004; Ando 2005;

Johnson et al. 2005a, b; Nettleton et al. 1998; Sato

et al. 2006). Furthermore, immunization of trans-

genic mice having the Met30 gene using ATTR Y78P

resulted in suppression of amyloid deposits (Terazaki

et al. 2006). However, liver transplantation (Stangou

and Hawkins 2004) is the only reliable therapy at

moment. Thus, elucidation of the effect and contri-

bution of environmental factors will facilitate the

development of new methods of treatment. The

present study represents an important step toward

understanding such environmental factors on amyloid

deposition.
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