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S ummary.A homozygous sequence mutation of mi-
crosomal triglyceride transfer protein (MTP) was stud-
ied in three Lewis rat siblings. Two of the three siblings
had a homozygous sequence mutation in the exon-1 of
the large subunit gene of liver-specific MTP and one of
the three siblings had a heterozygous mutation of the
large subunit gene. The two rats with a homozygous
mutation were confirmed to have pure red cell aplasia at
the age of 130 days when they were sacrificed because of
weakness. The findings of the two rats were as follows:
1) Body weights were decreased to 65% of normal rats.
2) Plasma apolipoprotein B (apoB) was 0.54-0.60 g/L. 3)
A homozygous sequence mutation of the large subunit
gene of liver-specific MTP was confirmed by polymerase
chain reaction (PCR). The specific products of genomic
liver DNA were a small amount in the PCR. 4) Acanth-
ocytes constituted 7-14% of the red cells in the periph-
eral blood (PB). 5) The myeloid to erythroid cell ratio
was 10: 1 in the bone marrow (BM). The BM tended to
hypoplasia. 6) Peritubular damage and reduced eryth-
ropoietin (epo) secretion were found in the kidney.
Amyloid degeneration of the tubules and perivasucular
fibrosis were found in the male and the female sibling,
respectively. 7) Thymus atrophy with a low % of
CD8a+ cells was observed. The silent large subunit gene
of genomic lymphocyte DNA was amplified actively in
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the PCR. 8) Iron was deposited in the small sized
hepatocytes with a homozygous MTP gene mutation.

In conclusion, silent MTP gene expression and tissue
apoptotic changes developed with age in rats with a
homozygous liver-specific MTP mutation.

Key words-rat, apolipoprotein B, microsomal triglycer-
ide transfer protein, acanthocyte, pure red cell aplasia.

INTRODUCTION

Microsomal triglyceride transfer protein (MTP) is a
heterodimer composed of protein disulfide isomerase
(PDI) and a large (97-kDa) subunit1'2'. MTP is
required for the assembly and secretion of apolipo-
protein B100 (apoBlOO)-containing triglyceride (TG)
rich lipoproteins. A MTP defect results in a blocked
assembly and secretion of very low-density lipo-
protein (VLDL) from the liver3'. In humans, at least
36 MTP mutations have been reported, in which 34
MTP mutations had abnormalities in the exon^2 of
the large subunit gene4'. The large 97-kDa subunit of
MTP is synthesized in the liver and intestine of
mammalian animals - including rats - at high
levels5'. Although embryonic mice did not express
MTP in the heart6', studies using human apoB trans-
genie mice7'8' showed that apoB and MTP were
produced in cardiac myocytes.
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T hi s st u d y d e s c rib e s t w o sib li n g s o
f L e w i s r a t s

w ith a h o m o z y g o u s s e q u e n c e m u t ati o n i n t h e e
x o n - 1

of t h e l a r g e s u b u n it g e n e of li v e r
- s p e ci丘c M T P a n d

o n e sibli n g w it h th e h e t e r o z y g o u s
m u t ati o n of th e

l a r g e s u b u n it g e n e ･ T h e r a t s
w it h a h o m o z y g o u s

d ef e c t of t h e g e n e l o o k e d h e alth y , b u t b
o th s u c c u m -

b ed t o p u r e r e d c ell a p l a si a a t t
h e a g e of 1 3 0 d a y s ･

T hi s i s th e fi r s t r e p o r t o f a h o m o z y g o u s M T P m u t a
-

ti o n of L e w is r a t s i n w hi ch s e v e r al c o m p lic a ti o
n s

d e v el o p ed w it h a g e ･

M A T E R I A L S A N D M E T H O D S

A n i m al s

s ibli n g r at s N o ･ 1 , 2 a n d 3 w e r e b o r n
f r o m t h e L e w i s

(L E W / S e a) s t r ai n o f r a t s m ai n t a
i n e d i n t h e a n i m al

c ol o n y at t h e = a m a m a t s u U ni v e r sit y S c
h o ol of

M e dici n e . R a t s N o .
1 a n d 3 w e r e m al e a n d R a t N o ･ 2

w a s f e m al e . T h e t h r e e siblin g s w e r e s a c ri丘c e d a t t h e

a g e of 1 3 0 d a y s I T h e p a r e n t al r a t s (f at
h e r a n d a u n t)

w e r e s a c ri丘c e d a t t h e a g e of 6 m o n th s ･ G e n e- m u t a t e
d

R a t s N o .
1
,
2 a n d 3 w e r e p r o d u c e d a s th e r e s ult o f

r e p e a t e d i n b r e e di n g ･

P l a s m a a n aly s e s

T h e pl a s m a s a m p l e s u s ed i n t his st u d y w e
r e ob t ai n e d

f r o m R a t s N o . 1 , 2 a n d 3 a n d t h e t w o p a r e n t al r at s a t

t h e ti m e of s a c ri丘c e , a n d f r o z e n a t - 8 0 ℃ f o r 1 t o 2

m o n t h s . P l a s m a a p o B w a s m e a s u r e d u si n g a si n gl e

r a di c al i m m u n o di ff u si o n (S K I D) t e c h n i q u e ･ A P O B

P L A T E
`

D A II C H
'

a n d A P O B S T A N D A R D S E R U M

w e r e u s e d in t h e S RI D a s s a y s ( D aii c hi P u r e C h e m ic al

c o .
,
L t d .

,
T o k y o , J a p a n) ･ R a t a p o B I O O a n d a p o

B 4 8
,

w hi ch a r e c r o s s - r e a c ti v e t o h u m a n a n tトa p o B I OO

a n tib o d y , w e r e d e t e r m in ed b y c o
m p a ris o n w ith a

c a lib r ati o n c u r v e p r e p a r e d u si n g th r e e st a
n d a r d

h u m a n s e r a
9 , 1 0)

. I n R a t N o . 1 a n d t h e m al e p a r e n t ,

p l a s m a e r y t h r o p oi eti n ( e p o) le v e
ls w e r e m e a s u r e d b y

t h e m e th o d of a r a di oi m m u n o a s s a y b a s e d o n th e 2-

a n tib o d y m e th o d (J a p a n D P C C o l , T o k y o , J a p a n)
I

H i s t o p a t h o l o g i c al a n a l y s e s

p e rip h e r al b l o o d (P B) w a s s m e a r e d a
f e w m i n u t e s

af t e r bl o o d w a s d r a w n f r o m a t ail v ei n ･ T h e P B

s m e a r s w e r e st ai n e d w it h M a y
- G r u e n w ald - G i e m s a ･

B o n e m a r r o w ( B M ) , li v e r , s p l e e n a n d th y m u s w e r e

丘Ⅹe d i n 2 0 % f o r m alin t o m a k e tis s u e s e c ti o n s ･ A
ll t h e

tis s u e s e c ti o n s w e r e s t ain e d w it h h e m at o x yli n
- e o sin

( H - E) . Li v e r , s pl e e n a n d kid n e y s e cti o n s w e r e a
ls o

s t ain e d w ith B e rli n e rb l a u , a z a n a n d C o n g o r e d ･ Li v e r

a n d s p le e n s e cti o n s w h ic h w e r e e m b e d d e d i n a

T is s u e _ T e k 0 .S . T . m e di u m (M il e s S ci e n ti丘c , N a p e r-

ville
,
I L

,
U S A) w e r e s t ain e d w ith S u d a n III ･ L i v e r a n d

k id n e y s e cti o n s st ai n e d w it h
H -E w e r e u s e d f o r

p h ot o m i c r o g r a p h ic i m a g
e a n aly s e s ･ T h e p h o t o

-

m i c r o g r a p h ic i m a g e s of th e liv e
r a n d kid n e y s e c ti o n s

w e r e a n aly z e d u si n g A d o b e P h o t o s h o p ( R)
4 ･O s oft -

w a r e i n a M a c O S s y st e m V e r . 7 .5 ･3 (A p p l e J a p a n ,

I n c .

,
T o k y o , J a p a n) ･ T o c al c u l at e t h e a r e a of o n e u n it

h e p a t o c y t e , t h e g r o s s a r e a (2 30 48 s q u a r e 〟
m ) of t h e

p h ot o m i c r o g r a p h w a s di vid e d b y t h e
t o t al n u m b e r of

h e p a t o c y t e n u cl ei i n t h e p h ot o
m i c r o g r a p h ･ T h e s oft-

w a r e p r o g r a m of M a c S C O P E V e r ･ 2 ･5 1 w a s a p p lie d

f o r t h e i m a g e p r o c e s si n g of th e n u c
l e a r a r e a s (A p p l e

J a p a n , I n c .) I F u rt h e r
,
f o r e a c h r at , 丘v e r e n a l c o rti c al

a r e a s w e r e a n aly z e d u si n g A d o b e P h o t o sh o p ( R) 4 ･O

s of t w a r e . T h e m e a n n u m b e r of g l o m e r ul u s i n a n a r e a

o f 6 7 7 × 8 67 s q u a r e 〃 m w a s c al c ul a t e d ･

T h e s pl e e n of R a t N o . 1 w a s 丘
Ⅹ ed w it h 2 % gl u t a r-

ald eh y d e f o r t r a n s m is si o n ele ct r o n m i c r o s c o p
i c a n al -

y si s . A ft e r 2 h o u r s , th e 丘Ⅹe d pie c e s of s p
l e e n w e r e

p o st
- 丘Ⅹ e d w it h o s m i u m t e t r o x i d e a n d e m b e d d e d i n

e p o x y r e s
i n ･ T h e s e cti o n s w e r e o b s e r v e d u si n g a J E M

1 22 0 t r a n s m i s si o n ele c t r o n m i c r o s c o p e (J E O L ,

T o k y o , J a p a n) .

Fl o w c y t o m e t r y ( F C M ) a n aly s e s

L y m p h o c y t e s s e p a r a t e d f r o m th e P
B
,
m e s e n t e ri c

l y m p h n o d e s ( M L N ) a n d th y m u s
w e r e a n aly z e d u si n g

a n E P I C S ( R) P r o 丘1 e II F C M (C o ult e r ,
M i a m i

,
F L

,

U S A ) . O n e m illi o n c ells w e r e i n c u b a t e d
w it h eith e r

o .5 〟g of m o u s e a n ti
-

r at C D 4 I g G I c o nj u g a t e d w ith

fl u o r e s c ei n i s ot hi o c y a n a t e (F I T C) o r O ･7 F L g Of m o u s e

a n ti - r a t C D 8 a l g G I c o nj u g a t e d w it h FI T C f o r 3 0 m i n

at 4 ℃ . B o th t y p e s of F I T C
-l a b el ed c ells w e r e t h e n

丘Ⅹe d w it h l % p a r af o r m ald e h y d e o v e r n i g h t ･ A f t e r

w a shi n g w ith p h o s p h a t e
- b uff e r e d s ali n e (P B S) , th e

p e r c e n t a g e of F I T C
-

p o siti v e c ells w a s c o u n t ed ･

G e n o m ic D N A a n al y s e s

G e n o m i c D N A w a s e x t r a ct e d f r o m t h e li v e r a n d

M L N of R a t s N o . 1
,
2 a n d 3 a n d t h e c o n t r ol r at s , f o r

p oly m e r a s e ch ai n r e a cti o n (P C R) a
n al y s e s ･ A

Q I A a m p D N A K it (Q I A G E N I n c ･ , V al e n ci a , C
A
,

U S A ) w a s u s e d f o r t h e D N A e x t r a c ti o n ･
T h e p ri m e r s

u s e d i n th e P C R w e r e a s f oll o w s : M T P p r l m e r S et 1

w a s 5
'

p ri m e r , 5
'
- C C T A C C A G G C T C A T C A A G A C A

-

A A G 1 3
' 3)
a n d bl o c k i n g 3

'

p ri m e r , 5
'

- C C T A A A T G C -

T G G G G T T T A G T -3
' 1 1)

. M T P p ri m e r s et 2 w a s

5
,

p r l m e r , 5
,

- C T G C A A G A C A G C G T G G G C T A -3
' 1 1)

a n d bl o c ki n g 3
'

p ri m e r , 5
'

- T T T T G A T A T G A G T A G -

A A C T C - 3
' 1 1)

. I n M T P p r l m e r S e t 3 , 5
'

p r l m e r W a s t h e

s a m e a s t h e 5
'

p rl m e r Of s et 2 ･ T h e bl o c k in g 3
'

p r l m e r



of s e t 3 w a s 5
'

- T C A T C G T T A T T T G G A T C A A C -3
, l l)

.

T o e x a m i n e f u r t h e r th e u p s t r e a m of t h e l a r g e s u b u n it

g e n e , i n M T P p ri m e r s e t 4
,
5
'

p ri m e r , 5
'
- T C T G T T -

A A A G G T C A C A C A A C - 3
' 1 1)
w a s u s ed t o g e th e r w it h

th e b l o c ki n g 3
'

p ri m e r of s et 3 ･ N a g o y a K a t a y a m a

C h e m i c al C o .
,
L t d .

, J a p a n s y nt h e si z e d all th e s e

p ri m e r s ･ P C R c o n si st e d of 2 c y cl e s of i n c u b ati o n a t
9 6 ℃ f o r 1 m i n a n d 6 0 ℃ f o r 4 m i n

,
3 5 c y cl e s of

i n c u b ati o n a t 9 4 ℃ f o r 1 m in a n d 60 ℃ f o r 2 .5 m i n
,
a n d

1 i n c u b a ti o n at 70 ℃ f o r 1 0 m i n . T o e sti m at e t h e si z e s

of s p e cifi c p r o d u c t s , a G e n e R ul e r
T ”

10 0 b p D N A L a d -

d e r ( F e r m e n t a s L t d ･
,
G r aici u n o

,
V il ni u s

,
Lit h u a ni a)

w a s s e p a r a t e d o n t h e s a m e el e ct r o p h o r e si s g el a s th e

s p e ci丘c p r o d u ct s .

R E S tJ L T S

O b s e r v a ti o n al G n di n g s

T h e m ot h e r of R a t s N o . 1
,
2 a n d 3 kill ed th r e e o th e r

sibli n g s b y h e r s elf s u d d e n l y 3 w e e k s aft e r t h eir bi r t h .

T h o u g h t h e s e t h r e e r a t s s u r vi v e d a n d l o o k e d h e alth y ,
R at s N o ･ 1 a n d 2 b e c a m e w e a k at t h e a g e of a b o u t

1 1 5 d a y s ･ A t t h e a g e of 13 0 d a y s , t h e y w e r e s a c rific e d

b e c a u s e o f w e a k n e s s ･ D u ri n g t h e s e t w o w e e k s , R a t s

N o ･ 1 a n d 2 l o st b o d y w eig h t a n d t h e r e s p e c ti v e b o d y
w ei g h t s of R at s N o ･ 1

,
2 a n d 3 w e r e 1 70 g , 12 6 g a n d

26 5 g ･ T h e b o d y w ei g h t s o f R a t s N o . 1 a n d 2 w e r e

a b o u t 6 5 % of n o r m al r a t s .

Pl a s m a fi n di n g s

T h e r e s p e c ti v e l e v els of p l a s m a a p o B w e r e 0 .6 6 , 0 . 5 4

a n d O ･6 0 ( g/ L) i n R a t s N o . 1
,
2 a n d 3 . T h e a p o B l e v els

o f t h e f a t h e r a n d a u n t w e r e 0 .66 a n d 0 .4 8 ( g/ L) .
P l a s m a a p o B w a s n o t d ef e c ti v e i n a n y of th e sibli n g s .

T h e le v els of p l a s m a a p o B i n R at s N o . 1 a n d 2 w e r e

A H o m o z y g o u s M T P M u t a ti o n i n R a t s 12 9

slig h tly hi gh e r t h a n t h o s e i n th e o t h e r r a t s of t h e
s a m e s e x I P l a s m a e p o l e v el s o f R a t N o . 1 a n d t h e
f a t h e r r at w e r e 5 ･8 m U / m L a n d 8 ･O m U / m L , r e s p e c -

ti v ely ･ T h e p l a s m a e p o l e v el of R at N o . 1 w a s l o w e r

t h a n th a t of t h e f a th e r .

H is t o p a t h ol o g ic al 丘n d in g s

l n t h e P B s m e a r s of R a t s N o ･ 1 a n d 2
,
7 % a n d 1 4 %

of t h e r e d c ell s w e r e a c a n t h o c y t e s , r e s p e c ti v el y . T h e
n o r m o c ell u l a r B M of R a t s N o . 1 a n d 2 s h o w e d

m a r k edl y d e c r e a s e d e r y th r o p o l e Sis a s sh o w n i n F ig .

1 ･ T h e m y el oid ( M ) t o e r y t h r oid (E) r ati o s of R a t s N ｡ .
1 a n d 2 w e r e b o th 10 : 1 ･ P u r e r e d c ell a pl a si a w a s

di a g n o s ed i n t h e t w o r at s ･ H o w e v e r
,
t h e a b s o lu t e

n u m b e r s of i m m a t u r e m y el oi d c ells l a t e r t e n d e d t ｡

F i g ･ 1 ･ T h e B M o f t h e f e m a l e R a t N o ･ 2 ･ M et a m y e l o c y t e s ,
b a n d n e u t r o p h il s , a n d s e g m e n t e d n e u t r o p h il s a r e t h e m o s t

a b u n d a n t c ell t yp e s ･ T h e M : E r a ti o w a s 1 0 : 1 ･ M e g a k a r
-

y o c y t e s a n d m e t a m e g a k a r y o c y t e s a r e s e e n . ( H - E s t a i n
,
×

3 2 0) .

T a bl e l ･ T h e a r e a s p e r h e p a t o c yt e a n d p e r n u c l e u s
･
r a ti o o f n u c l e a r a r e a t o h e p a t o c yt e a r e a

,
a n d

n u m b e r s o f g l o m e r u l u s i n R a t s N o ･ 1
,
2 a n d 3 a n d t h e p a r e n t a l r a t s .

R a t N o . (S e x )

T h e a r e a o f o n e

h e p a t o c y t e ( 班)

( 〟 m
2

)

M
*

±S D

T h e a r e a o f o n e

n u cl e u s ( N)

( 〟 m
2

)

M ±S D

N / H r a ti o

T h e n u m b e r o f

g l o m e r u li s p e r

5 8 6 9 5 9 JJ m
2

M ±S D

S ib li n g- 1 ( M )

S i b li n g
-2 ( F )

Sibli n g-3 ( M)

F a t h e r ( M )

M o th e r
'

s sibli n g a u n t ( F)

3 7 4 ±3 0

3 3 5 ±3 2

5 4 5 ±2 2

6 2 4 ±1 7

5 3 1 ±19

3 3 ±2

3 6 ±4

3 8 ±4

4 2 ±3

4 1 ±3

0 .0 8 8

0 .1 0 7

0 .0 7 0

0 .0 6 7

0 .0 7 7

1 1 ±1

1 4 ±1

1 0 ±2

8 ±1

9 ±1

*
M e a n ±S D .
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d e c r e a s e . T h e M : E r a ti o s of R a t N o ･ 3 a n d of t h e

f a t h e r a n d t h e a u n t w e r e 3 .3 : 1
,
3 A : 1 a n d 3 ･0 : 1 ,

r e s p e c ti v ely ･ S pl e e n e x t r a m e d u ll a r y e r y t h r o p o l e S
is

w a s n o t f o u n d i n R a t s N o . 1 a n d 2 .

s m a ll si z e d h e p a t o c y t e s w e r e o b s e r v e d i n R a t s N o ･

1 a n d 2 . V e r y s m all i r o n d e p o sit s w e r e st a i n e d p o s
i-

tiv el y w ith B e rli n e r b l a u i n t h e h e p a t o c y t e
s o f t h e s e

r at s . T h eir h e p at o c y t e s w e r e n ot st ai n e d w it h S u d a
n

III . F a tt y li v e r w a s n e gl e ct e d i n th e t
w o r a t s ･ A s

s h o w n i n T a bl e 1
,
t h e h e p a t o c y t e si z e s of R a t s N o ･ 1

a n d 2 w e r e 6 0 % t o 6 3 % of t h e p a r e n t al h e p a t o c y t e s
･

T h e h e p a t o c y t e t o n u cl e u s r a ti o w a s als o
hi g h i n

t h e s e r at s
,
a s w a s t h e n u m b e r of gl o m e r ul u s i n th eir

r e n al c o r t e x . F o c al a m yl oid d e g e n e r a ti o n s t ai n e d

w it h C o n g o r e d w a s s e e n i n t h e c olle c ti n g t u b ul e s of

R at N o . 1 a s sh o w n i n F ig . 2 A ･ G e n e r ally , t h e s p ot s of

A

Fi g . 2 .
T h e k i d n e y s o f th e m al e R a t N o ･ 1 ( A ) a n d th e

f e m al e R a t N o . 2 ( B) . ( A) : A m yl o i d d e g e n e r a ti o n s t a i n e d

p o siti v e l y w i th C o n g o r e d i s s h o w
n ･ T h e a m y l o i d d e g e n e r

-

a ti o n i s o b s e r v e d i n th e c oll e c ti n g t u b u l e s (C o n g o r e d

st a i n
,
× 2 1 8) . ( B) : P e ri v a s c u l a r 丘b r o si s i n th e c o r t e x i s

s h o w n . T h e fi b r o u s a r e a s st a i n e d b l u e a pp e a r li k e a s t h e

a r e a s st ai n e d w e a k l y i n th e p i c t u r e ( a z a n s t a i n , × 2 1 8) ･

B

a m y l oid d e g e n e r a ti o n w e r e o b s e r v e d pi e c e m e al ･ C o
l -

1 a g e n 丘b e r s st ai n e d w it h a z a n h a d p r olif e r a t e d

a r o u n d th e v e s s els of t h e r e n al c o r t e x o f f e m al e R a t

N o . 2 a s sh o w n in Fi g . 2 B ･ A t t h e m a r g l n al z o n e s of

th e s pl e e n w hit e p ulp , m a c r o p h a g e s w ith l a r g e p e
r o x-

is o m e s h a d p r olif e r at e d a b n o r m ally i n th e m al e (R a t

N o . 1) , w hi c h w a s c o n 丘r m ed b y th e el e c t r o n
m i c r o -

g r a p h of a s p le e n s e cti o n ･ T h e m al e s p
l e e n sh o w e d a

s m all a m o u n t of i r o n d e p o sit s . I n c o n t r a st , a l a r g e

a m o u n t of ir o n d e p o sit s w a s o b s e r v e d i n t h e f e m al e

s p l e e n (R a t N o . 2) . R e d c ells w e r e a c tiv ely d e s t r o y ed

o n l y i n t h e f e m ale s p le e n ･

F C M a n aly s e s

T a bl e 2 s h o w s th e r e s ult s of F C M a n aly s e s , i n w hi c h

c D 8 a ＋ a n d C D 4 ＋ c ell p e r c e n t a g e s w e r e m e a s u r e d i n

th e P B
,
M L N a n d t h y m u s of R a t s N o ･ 1 , 2 a n d 3 ･

T h e

c D 8 a ＋ c ell % w a s d e c r e a s e d i n th e a t r o p hi c t h y m u s

of R a t N o . 2 . R a t N o . 1 als o h a d a n a t r o p hi c t h y m u s ･

T h e C D 4 十 c ell % of th e M L N ly m p h o c y t e s w a s h ig h

i n all th r e e sib li n g s .

G e n o m i c D N A a n aly s e s

F ig . 3 s h o w s t h e s p e ci丘c P C R p r o d u c t s f o r t h e l a r g e

s u b u n it g e n e of li v e r
- s p e cifi c M T P ･ I n F ig ･ 3

,
t h e

s p e ci丘c P C R p r o d u c t s w e r e a m p li丘e d f r o m g e n o
m i c

li v e r D N A . I n th e P C R s y st e m ,
o nly 5

'

p ri m e r s r e a c t
-

e d t o t h e g e n o m ic li v e r D N A w ith t h e s e q u e n c e

s p e ci丘citi e s o f t h e la r g e s u b u n it g e n e ･ B l o c k
i n g 3

'

p r l m e r S a c c el e r at e d th e g e n e a m pli丘c a ti o n of 5
'

p r l m e r S ･ A ll t h e p r l m e r S e q u e n c e s W e r e in t h e e x o
n - 1

of b o vi n e l a r g e s u b u n it g e n e ･ M T P p r l m e r S e t 1

a m p li 鮎d th e s p e ci丘c p r o d u ct o f 9 0-b p ･ M T P p ri m e r

s et s 2 a n d 3 a m p li丘e d th e s p e ci丘c p r o d u ct of 1 38 -b p ･

I n th e P C R of p ri m e r s et s 2 a n d 3 , t h e li v e r D N A of

R a t N o . 3 a cti v ely a m p li丘e d th e f o u r p r o d u c t s of

T a bl e 2 .
T h e C D 8 a ＋ a n d C D 4 ＋ c ell % m e a s u r e d i n t h e ly m p h o c y t e s o f t h e P B , M L N

a n d t h y m u s

R a t N o .

P B M L N

s e x p o siti v e c ell % P o siti v e c ell %

T h y m u s

P o si ti v e c ell %

c D 8 a C D 4 C D 8 a C D 4 C D 8 a C D 4

S ibli n g- 1

S ib li n g
- 2

S i b li n g
-3

C o n t . (n - 5- 8)

C o n t . (n - 4- 5)

M

F

M

M

F

1 8 .7 6 6 .4

2 7 .9 5 5 .0

2 0 .8 5 8 .2

2 2 ±4
*
6 3 ±5

2 3 ±3 6 6 ±2

2 4 .4 6 5 .5

2 2 .1 6 6 .2 6 4 .9

2 7 .0 6 0 .0 8 7 .5

1 6 ±3 4 1 ±4 9 2 ±5
* *

2 0 ＋ 3 5 3 ±4 9 5 ±1
* *

8 1 .7

8 7 .5

9 0 ±5

8 5 ±5

*

M e a n ±S D .

* *
A n ti - r a t C D 8 m o n o c l o n a l a n ti b o d y ∇ a s u s e d ･
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M T P

g ¢n 位

F i g ･ 3 ･ T h e P C R r e s u l t s o f R a t s N o . 1
,
2 a n d 3 . G e n o m i c

li v e r D N A w a s u s e d i n th e P C R . I n a ll th e t h r e e bl o c k s o f
l a n e s l t o 4

,
1 a n e s 5 t o 8 a n d l a n e s 9 t o 1 2

,
R a t s N o . 3

,
1

a n d 2 a n d t h e c o n t r o l m a l e D N A w a s a p p li e d i n t h i s o r d e r .

I n l a n e s 1 t o 4 o f t h e M T P p ri m e r s e t 1 , t h e 9 0-b p s p e ci丘c
p r o d u c t o f th e l a r g e s u b u n it g e n e w a s a m p li B e d . I n l a n e s
5 t o 8 o f th e M T P p ri m e r s e t 2 a n d l a n e s 9 t o 1 2 o f t h e

M T P p ri m e r s et 3 , t h e 1 3 8- b p s p e c i6 c p r o d u ct o f t h e l a r g e
s u b u n it g e n e w a s a m p li丘e d . I n l a n e s 5 a n d 9 o f R a t N o . 3
D N A

･
th e p r o d u c t s o f 1 3 8- b p ' 1 5 5- b p ' 2 2 0-b p a n d 3 0 0-b p

w e r e a m p li丘e d .

1 3 8…b p , 1 5 51b p , 2 2 0-b p a n d 3 0 0-b p . T h e li v e r D N A of

R a t s N o ･ 1 a n d 2 a m p li鮎d o n l y a s m all a m o u n t of th e

s p e ci丘c p r o d u c t i n t h e P C R ･ A s sh o w n i n F ig . 4
,

p r l m e r S e t 4 a m p li丘e d th e s p e ci丘c p r o d u c t of 1 90- b p
i n th e P C R of li v e r a n d l y m p h o c y t e D N A . T h e

a m p liB ed s p e ci丘c p r o d u c t fr o m li v e r D N A w a s slig h t

i n R a t s N o ･ 1 a n d 2 ･ I n c o n t r a st
,
t h e P C R of g e n o m i c

M L N ly m p h o c y t e D N A s u 氏ci e n tly a m p li丘e d th e

s p e ci丘c p r o d u c t of 1 9 0-b p i n R a t s N o . 1 a n d 2 . T h e

P C R p r od u ct of 1 9 0-b p w a s a m p li丘e d i n b o t h t h e li v e r
a n d M L N D N A of R at N o . 3 . T h e M L N D N A o f th e

c o n t r ol f e m al e a m p lia e d a s m all a m o u n t of 1 90-b p
p r o d u c t ･ A ll th e M L N D N A of R a t s N o . 1

,
2 a n d 3

a d e q u a t ely a m p li丘ed th e s p e cifi c p r o d u c t of 90 -b p i n

t h e P C R of p ri m e r s e t 1 (d a t a n ot s h o w n) . It w a s
c o n clu d ed t h a t R at s N o ･ 1 a n d 2 h a d a h o m o z y g o u s

m u t a ti o n of t h e l a r g e s u b u nit g e n e of li v e r - s p e ci丘c
M T P

,
w hil e R a t N o ･ 3 h a d a h et e r o z y g o u s m u t ati o n

of li v e r - s p e ci丘c M T P g e n e . T h e M T P m u t a ti o n w a s

i n t h e e x o ロー1 of th e l a r g e s u b u nit g e n e . A sil e n t

M T P g e n e of l y m p h o c y t e s w a s e x p r e s s e d a c ti v ely i n

t h e P C R of th e th r e e sibli n g s .

D I S C U S S I O N

T w o sibli n g r a t s w it h a h o m o z y g o u s s e q u e n c e m u t a -

ti o n of li v e r - s p e cifi c M T P a n d o n e sibli n g w ith a

h et e r o z y g o u s m u t a ti o n h a v e b e e n d e s c rib e d h e r e .

P a r e n t s of t h e t h r e e sibli n g s w e r e s t r o n g ly s u s p e ct e d

t o h a v e t h e h e t e r o z y g o u s m ut a ti o n of th e l a r g e

s u b u nit g e n e ･ A s th e r a t s w it h th e h et e r o z y g o u s M T P

m u t a ti o n w e r e h e alth y a n d f e r til e
,
th e h e t e r o z y g o u s

M T P m u t a ti o n is t h o u g h t t o h a v e b e e n r el a ti v ely
c o m m o n o v e r t h e t h r e e g e n e r a ti o n s i n th e r a t s st u d -

i e d h e r e ･ H o w e v e r
,
t h e t w o sibli n g s i n q u e sti o n w e r e

A H o m o z y g o u s M T P M u t a ti o n in R a t s 13 1

M 1 2 3 4 5 6 7

2()0 b p -

M T P

g e n e

Fi g ･ 4 ･ T h e P C R r e s u lt s o f th e g e n o m i c li v e r a n d M L N
ly m p h o c y t e D N A o f R a t s N o . 1

,
2 a n d 3 . I n l a n e s 1 t o 4 o f

th e M T P p ri m e r s e t 4
,
t h e li v e r D N A o f R a t s N o . 3

,
1 a n d

2
,
a n d th e c o n t r o l m al e w a s a p p li e d i n th i s o rd e r . I n l a n e s
5 t o 7 o f th e M T P p ri m e r s et 4 , th e l y m p h o c y t e D N A o f

R a t s N o ･ 3
,
1 a n d 2 w a s a p p li e d i n t hi s o r d e r ･ T h e s p e c i丘c

p r o d u c t o f th e l a r g e s u b u n it g e n e w a s 1 9 0- b p . T h e li v e r
D N A o f R a t s N o ･ 1 a n d 2 d id n o t s u 氏 ci e n tl y a m p li fy t h e

s p e ci丘c p r o d u c t , b u t th e l y m p h o c y t e D N A o f R a t s N o . 1
a n d 2 a d e q u a t el y a m plifi e d th e s p e ci fi c p r o d u c t o f 1 9 0- b p .

t h e 丘r s t r a t s w it h a h o m o z y g o u s m u t a ti o n of li v e r -

s p e ci丘c M T P g e n e a m o n g all t h e r at s m ai n t ai n e d i n

t his c ol o n y .

M T P i s e s s e n ti al f o r t r a n sf e r ri n g t h e b ulk of T G

i n t o th e l u m e n of t h e e n d o pl a s m i c r e ti c ul u m (E R) . I n
th e M T P c o m pl e x of t h e l a r g e s u b u nit , P I D , a p o B

a n d lipid s , t h e a m i n o -t e r m i n al r e gi o n of th e l a r g e

s u b u n it ( r e sid u e s 22 -3 0 3) i n t e r a ct s w it h a p o B . T h e

α
-h eli c al d o m ai n of th e l a r g e s u b u nit ( r e sid u e s 2 9 7-
6 03) i n t e r a c t s w ith P D I a n d t h e lipi d

-

a s s o ci at e d

d o m ai n of t h e la r g e s u b u n it ( r e sid u e s 6 0 4-89 4) i n t e r -

a c t s w it h lipid s
4 ･ 1 2)

. A m o n g t h e 36 h u m a n m u t a n t s ｡f

th e l a r g e s u b u nit , th e 3 4 m u t a n t s a r e i n t h e α -h eli c al

d o m ai n w hi ch i n t e r a c t s w it h P D I 4)
I A m o n g t h e 3 4

m u t ati o n s of h u m a n M T P
,
i n w hi c h M T P a c ti vit y

h a s b e e n m e a s u r e d
,
o nly 1 3 m u t a ti o n s h a d l o w M T P

a c ti viti e s ( < 50 % of w ild t y p e) . I n t his s t u d y , M T P

a c tivit y s e e m e d t o b e k e p t i n t o t h e li v e r of th e

a ff e c t ed t w o r a t s
,
b e c a u s e n o f a t t y li v e r w a s o b s e r v e d

i n t h e t w o r a t s ･ Pl a s m a a p o B le v els

slig h tly hi gh e r i n t h e t w o r at s w it h a

M T P m u t a ti o n t h a n i n t h e s a m e s e x

h et e r o z y g o u s M T P m u t a ti o n . A s t h e r a t

l o g l C all y h a s hi g h l e v el s of a p o B 4 8 ,

diff e r e n c e b et w e e n h u m a n s a n d r a t s
,
a

w e r e r a t h e r

h o m o z y g o u s

r a t s w it h a

li v e r p h y si o -

w hi c h i s a

hig h a m o u n t

of a p o B 4 8 m u st b e s e c r et e d f r o m th e li v e r t o c o m p e n -

s at e a p o B I OO r e d u c ti o n
1 3 )

I T h e a s s e m bl y a n d s e c r e -

ti o n of a p o B 4 8- c o n t ai n i n g li p o p r o t ei n s a r e di ff e r e n t
f r o m th o s e of a p o B I O O lip o p r o t ei n s w hi c h n e e d M T P

f o r th e a s s e m bl y a n d s e c r e ti o n ･ A p o B 4 8 i s t r a n sl o c a ト

e d i n t o t h e m i c r o s o m e s b y bi n di n g n e w ly s y n t h e si z e d

p h o s p h a tid ylc h oli n e
1 4)

I A p o B 4 8 t r a n sl o c a ti o n w a s

a cti v e i n t h e p r e s e n c e of c o - t r a n sl a ti o n al lipid s y n th e -

sis w it h o u t M T P
･ A l a r g e r a m o u n t of a p o B 4 8 s e e m ed

t o b e c o n t ai n ed i n t h e a p o B v al u e s of th e t w o aff e c t e d

r at s ･ A s e q u e n c e m u t a ti o n i n th e e x o n - 1 of th e l a r g e



1 3 2 T . N A K A T S U JI:

s u b u nit g e n e of li v e r- s p e ci丘c M T P w a s
c o n cl u d e d

f r o m t h e r e s ult s o f P C R . T h e a b n o r m al s e q u e n c e s of

t h e e x o n - 1 s e e m ed t o b e a s e q u e n c e si m
il a r t o t h e

l a r g e s u b u nit g e n e of b o v in e s , b e
c a u s e a s m all

s m o u n t of s p e ci丘c p r o d u c t s w a s o b s e r v ed i
n all t h e

li v e r P C R of r a t s w ith a h o m o z y g o u s M T P m u t a ti o n ･

A h e t e r o z y g o u s m u t ati o n of li v e r
-

s p e ci丘c M T P w a s

d e t e r m i n e d b y t h e a c ti v at e d a m p li丘c ati o n o
f o n e

n o r m al M T P g e n e .

T h e t w o r a t s w it h a h o m o z y g o u s M T P g e n e

m u t a ti o n e x hib it e d p u r e r e d c ell a pl a si a at t h e a g e of

1 3 0 d a y s . I n t h e p r o c e s s of p u r e r ed c ell a p l a si a , th e
r e

w e r e s o m e diff e r e n t p a th ol o g ic al 丘n di n g s b e t w e e n th e

aff e c t e d m al e a n d f e m al e . T h e n u m b e r s of a c a n t h
-

o c y t e s o b s e r v e d i n t h e P B w e
r e hig h e r i n th e f e m al e

t h a n i n t h e m ale . A c a n t h o c y t e s w e r e d e g r a d e d a c tiv e-

ly i n th e s p le e n of t h e aff e c t ed f e m al e ,
b u t n ot i n t h e

a ff e ct e d m al e . T h e diff e r e n c e i n t h e r e d c ell m o r p h ol
-

o gi e s s e e m e d t o d e p e n d o n th e l o w e r le v e
l of p l a s m a

a p o B I OO i n t h e f e m al e th a n th e m a
le ･ O n th e ot h e r

h a n d
,
m a n y m a c r o p h a g e s w it h t h e p r olif e r a t

i o n of

l a r g e p e r o x is o m e s , w hi c h dis s o ci a t e
a p o B 48 f r o m

lip o p r o t ei n p a r ti cl e s , w e r e ob s e r v e d i n t h e aff e c t e d

m al e s pl e e n , b u t n o t s o oft e n in t h e aff e ct e d
f e m al e

s p l e e n . A s p e r o x i s o m e p r olif e r a ti o n is e v o k ed b y

h y p oli pid e m i a
1 5)

,
t h e h y p olip id e m ic r e a cti o n s w e r e

m o r e cl e a r i n t h e m al e s pl e e n . R e n al a m y l oid d e g e n
-

e r a ti o n w a s f o u n d i n t h e c oll e cti n g t u b ul e s of th e

aff e c t e d m ale , w hil e r e n al 丘b r o si s a r o u n d t h e v e s s els

w a s p r o m i n e n t i n t h e aff e c t e d f e m al e ･ L ip id p e r o x id a
-

ti o n vi a f r e e r a di c al i nj u r y pl a y s a n i m p o r t a n t r ol e i n

t h e a m y l oid f o r m ati o n p r o c e s s
1 6)

･ Li pi d p e r o x id a ti o n

m edi at e s t h e sti m u l a ti o n of c oll a g e n g e n e t r a n s c ri p
-

ti o n
1 7)

. T h e r e n al ch a n g e s i n t h e t w o r at s m u s t h a v e

b e e n i n d u c ed b y a cti v a t ed lipi d p e r o x id a ti o n ･ L ip id

p e r o x id a ti o n o c c u r r e d m o r e s t r o n g ly i n th e m al e

k id n e y t h a n th e f e m al e ･

M T P s e c r e ti o n f r o m t h e ki d n e y s of r a t s is n o t

k n o w n .
H o w e v e r

,
i n t h e s t a t e of li v e r - s p e ci丘c M T P

m u t a ti o n
,
M T P a n d a p o B m ig h t b e e x p r e s s e d a n d

li p o p r o t ei n s m ig h t b e s e c r et e d f r o m t h e kid n e y a s h a s

b e e n r e c o g ni z e d in t h e h e a r t of h u m a n a p o B g e
n e

t r a n s g e n i c m i c e
7
,
8 )

I P at h ol o g l C al s e c r eti o n s of li p o-

p r o t ei n s m u st l e a d t o f o c al a m y l oid d e g e n e r a ti o n

b a s e d o n li pid p e r o x id a ti o n ･ T h e d e c r e a s e d e p o s e c
r e-

ti o n f r o m t h e k id n e y o f t h e aff e c t e d r a t s m u s t h a v e

b e e n c a u s e d b y d a m a g l n g t h e 丘b r o bl a s ト1ik e c ell s i n

t h e r e n al i n t e r stiti u m
1 8)

. If t h e p u r e r e d c ell a pl a si a

o b s e r v e d i n t his st u d y w a s n o t r el a t ed t o th e kid n e y

di st u rb a n c e
,
e p o l e v el s w o uld b e hig h i n p u r e r e d c ell

a p l a si a ･ H o w e v e r , t h e e p o l e v el w a s l o w i n t h e

aff e ct e d r at . T h e l a r g e s u b u n it g e n e w a s a m p li丘e d

a cti v ely i n t h e P C R of t h e g e n o m i c l y m p h o c y t e D N A

of t h e r a t s w it h a h o m o z y g o u s M T P m u t ati o n ･ S ile n t

M T P g e n e of ly m p h o c y t e s w a s
e x p r e s s e d a c ti v ely l n

t h o s e r a t s w it h a li v e r - s p e ci丘c M T P m u t a ti o n ･

T h y m u s a t r o p h y w it h a l o w % of C
D 8 a ＋ c ells a n d a

hig h % of C D 4 ＋ M L N c ells
in dic a t e d a s h o r t lif e

s p a n of T a n d B ly m p h o c y t e s i n t h e r a t s
･ I n t h e b o n e

m a r r o w of t h e t w o r a t s , n ot o n ly p u r e r e d c ell

a p l a si a , b u t als o B M a p l a si a
w a s i n p r o g r e s s ･ T h e

d a m a g e t o m a t u r e a n d i m m a t u r e e r y t h
r oid c ells

p r e c e d ed t h o s e of m y el oid c ells ･ S m alトsi z e d
h e -

p a t o c y t e s
w it h s m all i r o n d e p o sit s w e r e al s o c o n sid

-

e r e d t o b e i n a st a t e of p r e
- a p o p t o sis ･ T h e c o m p lic a

-

ti o n s of a h o m o z y g o u s g e n e m u t ati o n of li v e r
- s p e cifi c

M T P b e c a m e a p p a r e n t al o n g w it h t h ei r a g e
l n g ･

R E F E R I; N C E S

1) N a r c i si T M E , S h o u l d e r s C C , C h e st e r S
A
,
R e a d ∫,

B r e tt D J , H a r ri s o n G B , G r a n th a m T T , F o x M F ,

p o v e y s , d e B r u i n T W A , E r k el e n s D W , M u ll e r D
P R

,

Ll o y d J K , S c o tt ∫: M u t a ti o n s o f t h e m i c r o s o m al

t ri gl y c e rid e-t r a n sf e r- p r o t e i n g e n e i n a b e t a lip o
-

p r o t e i n e m i a .
A m I H u m G e n et 5 7 : 1 2 9 8- 1 3 1 0 , 1 9 9 5 ･

2) R i c c i B , S h a rp D , 0
'

R o u r k e E
,
K i e n zl e B

,
B li n d e r -

m a n L
,
C o r d o n D

,
S m it h- M o n r o y C , R o b i n s o n G ,

G r e g g R E , R a d e r D J , W e tt e r a u J R : A 3 0- a m i n o a ci d

t r u n c a ti o n o f t h e m i c r o s o m a l t ri g ly c e ri d e t r a n sf e r

p r o t ei n l a r g e s u b u
ni t d i s r u p t s i t s i n t e r a c ti o n w i th

p r o t ei n d i s u l丘d e i s o m e r a s e
a n d c a u s e s a b e t a li p o

-

p r o t ei n e m i a . I B i oI C h e m 2 7 0 : 1 4 2 8 1- 1 4 2 8 5 , 1 9 9 5 1

3) W e tt e r a u J R , Z il v e r s m it D B : L o c a li z a ti o n o f

i n t r a c e ll u l a r t ri a c ylg l y c e r ol a n d c h ol e st e r y
l e st e r

t r a n s f e r a c ti v it y i n r a t ti s s u e s . B i o ch i
m B i op hy s A c t a

8 7 5 : 6 1 0- 6 1 7 , 1 9 8 6 .

4 ) M a n n C J , A n d e r s o n T A , R e a d ∫, C h e s t e
r S A

,
H a r-

ri s o n G B
,
K 6 c h l S

,
R i t c h i e P J , B r a d b u r y P , H u s s a i n

F S
,
A m e y ∫, V a n l o o B , R o s s e n e u M , I n f a n t e R ,

H a n c o c k J M , L e v itt D G , B a n a s z a k L J , S c o tt J ,

s h o u l d e r s C C : T h e st r u ct u r e o f v it ell o g e n i n p r o v id e s

a m o l e c u l a r m o d el f o r th e a s s e m b ly a n d s e c r e ti o n o f

a t h e r o g e n i c li p o p r o t e i n s . I M oI B i o1 2 8 5 : 3 9 ト40 8 ,

1 9 9 9 .

5) R e h b e r g E F , S a m s o n - B o u m a M
- E

,
K i e n zl e B

,
B li n-

d e r m a n L J a m il H ,
W e tt e r a u J R , A g g e r b e c k L P ,

G o r d o n D A : A n o v e l a b e t a li p o p r o t e i n e m i a

g e n o t y p e ; I d e n ti fi c a ti o n o
f a m i s s e n s e m u t a i o n i n t h e

9 7- k D a s u b u n it o f t h e m i c r o s o m a l t ri g l y c e rid e t
r a n s

-

f e r p r o t e i n t h a t p r e v e n t s c o
m pl e x f o r m a ti o n w i th

p r o t ei n d i s u l fi d e i s o m e r a s e ･ I B i oI C h e m 2 7 1 : 2 9 9 4 5-

2 9 9 5 2 , 1 9 9 6 .

6) S h el t o n J M , L e e M I H , R i c h a rd s o n J A , P a t el S B :

M i c r o s o m a l t ri gl y c e ri d e t r a n sf e r p r o t ei n e x p r e s si o n

d u ri n g m o u s e d e v e l o p m e n t . I L ip i d R e s 4 1 : 5 3 2- 5 3 7 ,

2 0 0 0 .

7) N i e l s c n L B , V e n i a n t M , B o r e n J , R a a b e M , W o
n g

J S , T a m C , F l y n n L , V a n n i- R e y e s T , G u n n M D ,

G o ld b e r g IJ , Ⅲ a m il t o n R L , Y o u n g S G : G e n e s f o r



a p o lip o p r o t e i n B a n d m i c r o s o m a l t ri gl y c e ri d e t r a n s -

f e r p r o t ei n a r e e x p r e s s e d i n t h e h e a r t; E v i d e n c e t h a t

th e h e a r t h a s th e c a p a c it y t o s y n t h e si z e a n d s e c r et e

li p o p r o t ei n s ･ Ci r c u l a ti o n 9 8 : 1 3- 1 6 , 1 9 9 8 .

8) B o r e n J , V e n i a n t M M
,
Y o u n g S G : A p o B I O OI C O n t a in -

i n g li p o p r o t e in s a r e s e c r e t e d b y t h e h e a rt . I C li n
l n u e st l O 1 : 1 1 9 7- 1 2 0 2 , 1 9 9 8 .

9) K ri s h n ai a h K V
,
W a l k e r L F

,
B o r e n s z t aj n ∫, S c h o n-

f el d G
,
G e t z G S : A p o lip o p r o t e i n B v a ri a n t d e ri v e d

f r o m r a t i n t e sti n e . P r o c N a il A c a d S ci US A 7 7 :
3 8 0 6- 3 8 1 0 , 1 9 8 0 .

1 0 ) P o w ell L M , W a lli s S C
,
P e a s e R J

,
E d w a r d s Y H

,

K n o t t T J , S c o tt J : A n o v e l f o r m o f ti s s u e - s p e c iB c
R N A p r o c e s s i n g p r o d u c e s a p o li p o p r o t ei n- B 4 8 i n
i n t e s ti n e . c e′′5 0 : 8 3 1- 8 4 0 , 1 9 8 7 .

l l) S h a r p D , B l in d e r m a n L , C o m b s K A
,
K i e n z l e B

,
R i c ci

B
,
W a g e r- S m it h K , G il C M , T u r c k C W ,

B o u m a M - E ,
R a d e r D J , A g g e r b e c k L P

,
G r e g g R E , C o r d o n D A

,

W e tt e r a u J R : Cl o n i n g a n d g e n e d e f e c t s i n m i -

c r o s o m a l t ri gl y c e rid e t r a n sf e r p r o t ei n a s s o ci a t e d

w i th a b e t al i p o p r o t ei n a e mi a ･ N a t u r e 3 6 5 : 6 5- 6 9 , 1 9 9 3 .

1 2 ) B r a d b u r y P , M a n n C J , K 6 c h l S , A n d e r s o n T A ,

C h e st e r S A
,
H a n c o c k J M , R it c h i e PJ , A m e y

H a r ri s o n G B
,
L e v it t D G

,
B a n a s z a k L J , S c o t t

S h o u ld e r s C C : A c o m m o n b i n di n g sit e o n th e

∫

∫

m i

c r o s o m a l t ri g l y c e ri d e t r a n sf e r p r o t ei n f o r a p o lip o
-

p r o t e i n B a n d p r o t e i n di s u lfi d e i s o m e r a s e . B i o C h e m
2 7 4 : 3 1 5 9- 3 1 6 4 , 1 9 9 9 .

A H o m o z y g o u s M T P M u t a ti o n i n R a t s 1 3 3

1 3) D a v i s R A : C e ll a n d m ol e c u l a r bi o l o g y o f t h e a s s e m -
b l y a n d s e c r e ti o n o f a p o lip o p r o t e i n B- c o n t a i n i n g
lip o p r o t e i n s b y th e li v e r ･ B i o c hi m B i op h y A ct a 1 4 4 0 :
1- 3 1 , 1 9 9 9 .

1 4) R u sia o I A E
, J a mi 1 H

,
V a n c e J E : I n vi t r o r e c o n sti t u _

ti o n o f a s s e m b l y o f a p o li p o p r o t e i n B 4 8- c o n t a i n l n g
li p o p r o t ei n s ･ I B i o I C h e m 2 7 2 : 8 0 1 91 8 0 2 5 , 1 9 9 7 .

1 5 ) O k o c h i E , N i s h i m a k トM o g a m i T , S u z u k i K , T a k a h a-
s h i A : P e r 8 u o r o o c t a n o i c a ci d

,
a p e r o x i s o m e

-

p r o lif e r a ti n g h y p o li p i d e m i c a g e n t , d i s s o c i a t e s

a p oli p o p r o t ei n B 4 8 f r o m li p o p r o t ei n p a rti c l e s a n d

d e c r e a s e s s e c r eti o n o f v e r y l o w -d e n sit y li p o p r o t ei n s
b y c u lt u r e d r a t h e p a t o c yt e s I B i o c h i m B i op h y s A ct a
1 4 3 7 : 3 9 3- 4 0 1 , 1 9 9 9 .

1 6) A n d o Y , N y h li n N , S u h r 0 , Ⅲ o l m g r e n G , U c h i d a K ,
S a hl y M E , Y a m a s h it a T

,
T e r a s a k i H

,
N a k a m u r a M

,

U c hi n o M
,
A n d o M : O x i d a ti v e st r e s s i s f o u n d i n

a m yl o id d e p o sit s in s y st e mi c a m yl o id o si s . B i o c h e m
B i op h y s R e s C o m m u n 2 3 2 : 4 9 7- 5 0 2 , 1 9 9 7 .

1 7) H o u g l u m K , B r e n n e r D A , C h o)
'

k i e r M : d -

a
-

t o c o p h e r o l i n h i b it s c o ll a g e n α1(Ⅰ) g e n e e x p r e s si o n i n
c u lt u r e d h u m a n 丘b r o b l a st s ; M o d u l a ti o n o f c o n _

stit u ti v e c o ll a g e n α 1(Ⅰ) g e n e e x p r e s si o n i n c u lt u r e d
h u m a n 丘b r o b l a st s b y lip i d p e r o x i d a ti o n I C li n
l n u e st 8 7 : 2 2 3 0- 2 2 3 5 , 1 9 9 1 .

1 8 ) E b e r t B L , B u n n H F : R e g u l a ti o n o f th e e r y th r o-
p r o t ei n g e n e ･ B l o o d 9 4 : 1 8 6 4- 1 8 7 7 , 1 9 9 9 .




