79

EEMHREEEREITSTEF  Division of Analysis of Homeostasis

KEHR BRil; 7/3E Visiting Professor Harumi Okuyama (Ph.D.)

M EHR Aims of the research projects

HEYIDMEY, BV OMREMR CWABIBIIRRICIIZEES 5, Y/ — VIR (n-6) (FkEPETESE
HOMBICHETHBD, KNTT 5+ FVBIIEBRIhI A a3/ 4 FEFEINEEL OEHE
HWHE (REAT1+x—%—) OFIEKEL >TVWE (V /) —VBAXT—F), a-V /v Vg (n-
Dz Aayryyxz v (EPA) R rFav~+4z v (DHA) c&E#Eh, EPART M a4
/4 FERORERAEE LTEE, DHA 3R EERE O Ic M HEDO&E|Z LT 5, n-6 % & n-3
RIZL OMR, ZBEEROBEBTHAENTHY, £0ONT Y APHEKROEEHRHEE (BEIKBR)
WEERKTFEL > TV S,

AL, BERARICL->TEDLS Y/ — ViR (n6) T a-V / VYR (n-3) kDT v 27,
WEEHCICSIE L TV B 7 LV F —BEGE, KERE, OREZSIRETEEEL, RHRS50
EROFNTICE > TEMilid 5 2 E 2 HE LTV % FEAE—1n)

HFEHIE  Research projects

1) 7 LvF —@EUEDHRERE—ERE SRR

| V) —VEEH AT — FENLTHEONDE n6 %A T4 =51, BY (TLry) OERN~NDR
AEBGCRE AR LTS, LxL, U/ —VBOBEEEICED TS+ FVvBMEIEE A7+ 2 —
g —BBENAES N, ZOPHHRKIESERCBI > TRABT VAV —EEB S, —F4, a-)/ LV
BEDEPA DS MDA T4 2 — 5 —DMESN B, —BICIEONBEIIDECTEEGTEV, 2L
T, BREEY, n6/n-30HEESTEE, TLUVF VEIBTHEONBRIEA 74 = — % —DELE
BLEMAELS T52EMTES (KEOWE), BMEROBRIESE, [V / —VEBERS L, a-
YL VBRRAEEDTREREE| A, T -HREROIBRICEN TS B EETFRL>oH B (Gt
BZE)e 2L ORT LAVF—FKIZ Y , —VERA X7 — FEMZ TCHRERETZOT, V/ —VED
ZVEGBOENERS T & W) IRERE LRI, BYHEOERIC L 30EHEIEHD S5,

) n-6/n-3 thAa T 3T &ic & 2 KEREOFH—ER & EK
KETHRITLbPETTHEL TV E (ke KBE FERd) wdl, V/ —VvBIxFr—F%
MZ 2n-6/n-3LLOE VG, PIRIER, EETRIESIIEIC S5 @WER. )/ —VgH X
F—FENLTELNZBREDO TRy IS5y Yy, ofab )z v ERRELEREESYE, RIEMH
fan o 0 BEOEREEE (ROS) BELETFEEL20EBI L, MEEENICEZLE, REL(RES
b, o, INHAT 4 T — 5~ FREEERTZN L CHRRIEENICE 5 CHEETE5, TOHE
fRicE-oE, n-6/n-3 A TH 3 L2 RKBEEHETHONARBRERGD TH 5 LR,

M) SRR (FESARR ) D BAZE & B O &AM
BT (REET) BEFTRERHESh, ZeErEL, BINICHRERTEENTVWS, T
FETEMNCEbO TOEREFRETOMW (K oketiaohis, BRSO REFMT 2 &
ICEORLT, AFIICHBEREL ., XBEMIBOLFEFHROGBECTH 3 LFMMS N, MAEPRET
VishRbd b, CORBT, Fh, ) -7l EBNERS v boFGEREICERET 5 L5
&R, ZDOWNDUWMEENFROREKDBERERIT TV 5,



80

OEZE  Original papers
1) Du. C., Fujii Y., Ito M., Harada M., Moriyama E., Shimada R., Ikemoto A. and Okuyama H.:
Dietary polyunsaturated fatty acids suppress acute hepatitis, alter gene expression and pro-
long survival of Long-Evans Cinnamon rats, a model of Wilson Disease. J. Nutr. Biochem.,
15(5) , 273-280, 2004.
Abstract: In the Long-Evans Cinnamon rat, copper accumulates in the liver because of a mutation in the copper-
transporting ATPase gene, and peroxidative stresses are supposed to be augmented. We examined the effects of die-
tary fatty acids on hepatitis, hepatic gene expression, and survival. Rats were fed a conventional, low-fat diet (CE2),
a CE2 diet supplemented with 10 wt% of lard (Lar), high-linoleic soybean oil (Soy), or a mixture of
docosahexaenoic acid (DHA)-rich fish oil and soybean oil (DHA/Soy). Among female rats, the mean survival times
of the DHA/Soy and the Soy groups were longer by 17~20% than in the Lar and the CE2 groups. Among male rats,
the survival times were much longer than in the females, but no significant difference in survival was observed
among the dietary groups. Serum ceruloplasmin levels in female and male rats of all of the dietary groups were simi-
lar. Serum transaminase levels of the DHA/Soy group tended to be lower than in the CE2 group. Histological exami-
nations revealed a marked degeneration in hepatic tissue integrity in the Lar and CE2 groups but not in the DHA/Soy
group. Hepatic levels of metal-related genes, transferrin and ceruloplasmin, as well as those related to bile acid syn-
thesis were up-regulated, and an inflammation-related gene (cyclooxygenase [COX]-2) was down-regulated in the
DHA/Soy group. Some proliferation-related genes were also affected by the dietary fatty acids. These results indi-
cate that polyunsaturated fatty acids suppress the development of acute hepatitis and prolong survival in females, re-

gardless of whether they are of the n-6 or n-3 type, which are associated with altered gene expressions.

2 ) Tokudome S., Ichikawa Y., Okuyama H., Tokudome Y., Goto C., Imaeda N., Kuriki K.,
Suzuki S., Shibata K., Jiang J., Wang J. and Takeda E. : The Mediterranean vs the Japanese
diet. Eur. J. Clin. Nutr., 58(9), 1323, 2004.

Abstract: Both the Mediterranean and Japanese diets are known to be healthy (Tokudome et al, 2000; Trichopoulou
& Vasilopou-lou, 2000; Ferro-Luzzi et al, 2002; Serra-Majem et al, 2003). People of the Mediterranean countries
enjoy a low risk of cardiovascular disease, while Japanese are famous for their longevity/health life expectancy (UN,
1998). However, there are both similarities and discrepancies in intake of foods and beverages between the two
cases. The Mediterranean diet is characterized by high consumption of cereals (wheat), vegetables and fruit, fish and
olive oil (Trichopou-lou & Vasilopoulou, 2000; Ferro-Luzzi et al, 2002; Serra-Majem et al, 2003). Japanese also
consume large amounts of cereals (rice), vegetables and fruit, and fish, but there is much lower intake of energy and
oils/fats (Tokudome et al, 2000; Health Promotion and Nutrition Division, 2003).
In a recent issue of EJCN, Dr Serra-Majem et al (2003) reported an interesting ecological finding that typical
Mediterranean individuals consume high amounts of total lipids (approximately 100g/day in males and 80 g in fe-
males) and also polyunsaturated fatty acids (PUFAs) in males, and lipids (more than 40% energy) and PUFAs in
both genders along with high concentrations and proportions of mono-unsaturated fatty acids (MUFAs), largely from
olive oil.
In contrast, the traditional Japanese diet has been characterized by low intake of total lipids, including saturated fatty
acids, MUFAs and PUFAs, particularly of n-6 PUFAs, not only absolute concentrations as well as proportions
(Okuyama et al, 1997; Tokudome et al, 2000). Howéver, the recent past has seen a change from 20% energy from
lipids to 30%, whereas the ratio of n-6 PUFAs/n-3 PUFAs has shifted from 2-3 to 4-5. We assume that these changes
will enhance the risk of fat-related cancers, cardiovascular disease and cerebrovascular embolisms.
Therefore, we wonder if DR Serra-Majem et al could provide information that the risk of cardiovascular disease is
explained with reference to concentrations and-or percentage energy from total lipids, n-6 PUFAs and n-3 PUFAs

together with its ratio. Furthermore, comments on whether the risk is modulated when the intake of vegetables and
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fruit is adjusted would be welcomed because they contain antioxidant nutrients, including a-tocopherol, carotenoids,
vitamin C and folic acid.

There is evidence that not only ablolute concentrations of total lipids but also the balance of fatty acids of n-6
PUFAs/n-3 PUFAs, in particular, are crucial to our health (Lands, 1995; Okuyama et al, 1997; Rose & Connolly,
1999). We propose that, even if olive oil comprises antioxidant nutrients, intake at high levels may be unhealthy.
According to values for macronutrients set for the Japanese diet (Health Promotion and Nutrition Division, 2003),
intake of 20-25% energy from lipids on average, with more than 50% from carbohydrates and 15-20% from proteins

may be recommended for adults.

3 ) Tatematsu K., Hirose N., Ichikawa Y., Fujii Y., Takami A. and Okuyama H. : Nutritional
evaluation of an inter-esterified perilla oil and lard in comparison with butter and margarine
based on the survival of stroke-prone spontaneously hypertensive (SHRSP) rats. J. Health
Sci., 50(1), 108-111, 2004. ,

Abstract: Some kinds of vegetable oil and a partially-hydrogenated oil shorten the survival of the stroke-prone spon-
taneously hypertensive (SHRSP) rats compared with perilla seed oil, soybean oil and lard. The n-3/n-6 ratio of con-
stituent fatty acids, phytosterol content and other factors in these oils have been proposed to affect the survival of
this strain. Here, we examined the safety of a fat produced by the inter-esterification of perilla oil and lard (Perilla-
Lard) on the bases of the survival of SHRSP rats. The mean survival time decreased in the order of the butter, the
Perilla-Lard, the lard, the margarine and the partially-hydrogenated soybean oil (Hyd.Soy) group. The correlations
between survival time and cholesterol content or phytosterol content in the diet were analyzed, and the probable

health benefits of the new margarine-type fats made of animal fats and oils with high n-3/n-6 ratios were discussed.

4 ) Tatematsu K., Fuma S., Satoh J., Ichikawa Y., Fujii Y. and Okuyama H. : Dietary canola oil
and soybean oil fed to SHRSP rat dams differently affect the growth and survival of their

male pups. J. Nutr., 134, 1347-1352, 2004.
Abstract: Canola oil (Can), as well as some other oils, shortens the survival of SHRSP rats compared with soybean
oil (Soy). Although detrimental factors other than phytosterols have not been identified, they are likely to be hydro-
phobic and transmissible to pups. To test this possibility, female SHRSP rats (F0) were fed a diet supplemented with
Can or Soy and mated at 11 wk of age. The growth of suckling pups (F1) from the Can-fed dams was significantly
retarded compared with that of pups from the Soy-fed dams. Half of the male pups (F1) were weaned to the same
diet as their dams (Can-->Can and Soy-->Soy groups) and the rest were weaned to the other diet (Can-->Soy and
Soy-->Can groups). The survival rate of the male pups (F1) was significantly lower in the Can-->Can group than in
the Soy-->Can group, and in the Can-->Soy group than in the Soy-->Soy group, indicating that the oils fed to dams
differently affected the growth and survival of pups. There were fewer pups per dam in the Can-fed dams (F0) than
in the Soy-fed dams, and in the dams (F1) of the Can-->Can and Soy-->Can groups than in those of the Can-->Soy
and Soy-->Soy groups. Although Can is nutritionally detrimental to SHRSP rats compared with Soy, no direct evi-

dence has been obtained thus far relating these observations to human nutrition.

5) Tatematsu K., Fuma S., Nagase T., Ichikawa Y., Fujii Y. and Okuyama H.: Factors other
than phytosterols in some vegetable oils affect the survival of SHRSP rats. Food Chem.
Toxicol., 42, 1443-1451, 2004.

Abstract: Unusual survival-shortening activities of some vegetable oils were detected in stroke-prone spontaneously
hypertensive (SHRSP) rats, and phytosterol (PS) in the oils and the tissue tocopherol status have been suggested to
be the factors for the activities. Here, we re-evaluated the contribution of PS to the survival-shortening, and exam-

ined the hepatic tocopherol status. A basal diet for rodents and a test oil were mixed at a 9:1 ratio, and the diet was
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given to male SHRSP rats upon weaning. The total and major PS contents of the diets and tissue lipids did not cor-
relate with relative survival time. The free fatty acid fractions obtained by lipase and alkaline hydrolyses of canola
oil (Can) and the original Can contained PS in comparable amounts but the free fatty acid fractions did not exhibit
survival-shortening activities compared with the soybean oil (Soy) group. The activity was not detected in the ethyl
acetate extracts of the aqueous phase after the hydrolysis. When a commercially available PS preparation was added
to the Soy diet at an amount 2.8-fold higher than that in the Can diet, the mean survival time was shortened but was
still significantly longer than that of the Can group. The hepatic tocopherol level was significantly higher in the Can
group than in the hydrogenated Soy group and Soy groﬁp, but the former two groups exhibited a survival-shortening
activity. These results indicate that factors other than PS, tocopherol status and fatty acid composition in some vege-

table oils are critical for the survival-shortening activity observed in SHRSP rats.

6 ) Fujii Y., Murase Y., Otake K., Yokota Y., Omoto S., Hayashi H., Okada H., Okada N., Kawai
M. Okuyama H., and Imakawa K.: A potential live vector, foamy virus, directed intra-cellular
expression of ovine interferon- Texhibited the resistance to HIV infection. J. Vet. Med. Sci.,
66(2), 115-121, 2004. ,

Abstract: Interferon-tau (IFN-tau), produced by the embryonic trophectoderm, is a member of type I IFNs required
for the establishment of pregnancy in the ruminant ungulates. Although this IFN possesses antiviral activity similar
to other type I IFNs, the effectiveness of IFN-tau as an antiviral agent has not been well characterized. To investigate
possible antiviral effects of ovine IFN-tau (oIFN-tau), oIFN-tau-GST fusion protein was expressed in E. coli BL21,
from which the purified protein isolated possessed anti-viral activity. An apathogenic human foamy virus (hFV) was
then used to establish a potential recombinant live vector consisting of oIFN-tau cDNA sense (+) or antisense (-) se-
quence, olFN-tau(+)/hFV or olFN-tau(-)/hFV, respectively. Human hematopoietic and other mammalian cell lines
that had been transduced with hFV vector consisting of no oIFN-tau, oIFN-tau(+)/hFV or olFN-tau(-)/hFV construct
were cultured initially for 12 days, and three of cell lines were then maintained for up to 90 days. These cells with
olFN-tau expression directed by hFV exhibited the in vitro cytopathic effect minimally. Transduced cell lines that
had been cultured for 90 days were subjected to studies on human immunodeficiency virus type-1 (HIV-1) infection,
which was measured with infectivity of viral particles resulted from the GFP inserted T-cell tropic HIV SF2 or
macrophage tropic HIV SF162: the number of HIV-1 positive cells was reduced by the hFV driven-intra-cellular
olFN-tau expression. Since oIFN-taw/hFV transduced cells exhibited the resistance to HIV-1 infection and/or repli-
cation, olFN-tau could be considered as one of effective antiviral agents against HIV-1. These results suggest that

the hFV genome could be an effective recombinant live vector for the expression of a targeted gene in various cell

types.

7) Otake K., Omoto S., Yamamoto T., Okuyama H.,Okada H.,Okada N., Kawai M., Saksena
N.K., and Fujii, .R.: HIV-1 Nef protein in the nucleus influences adipogenesis as well as viral
~ transcription through the peroxisome proliferator-activated receptors. AIDS, 18, 189-198,
2004, |
Abstract: BACKGROUND : Although the HIV-1 Nef protein (27 kDa) localizes primarily in cytoplasm, there is
considerable evidence suggesting its occasional localization in the nucleus. Nef is known to play an important role
in transcriptional events and viral replication, but the actual target of Nef in the nucleus remains to be identified.
OBIJECTIVE: To examine the functional roles of Nef in the nucleus and its possible interactions with other unknown
factors in the nucleus. METHODS: High-density microarray analysis was used to screen directly the unique /func-
tions of Nef on host gene transcription. The nuclear localization of Nef and its effects on the expression of
peroxisome proliferator-activated receptors (PPAR) was examined using PPAR promoter/reporter assay and

immunoblotting. A long terminal repeat/reporter assay was used to investigate the effects of Nef and PPAR on viral
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transcription. RESULTS: Nef in the nucleus suppressed PPAR gamma expression and reduced fatty acid levels in
human T and macrophage cell lines. Expression of Nef or PPAR suppressed viral replication; the effect of PPAR
gamma or retinoid X receptor-alpha on viral replication were reduced by coexpression of Nef in MT(-)4 T cells.
CONCLUSION: Nef may be involved in both viral replication and the wasting syndrome associated with AIDS.

8 ) Omoto S., Brisibe E.A., Okuyama H., and Fujii Y.R. : Feline foamy virus tas protein is a
DNA-binding transactivator. J. Gen. Virol., 85, 2931-2935, 2004.

Abstract: Foamy viruses (FVs) harbour a transcriptional transactivator (Tas) and two Tas-responsive promoter re-
gions, one in the 5' long terminal repeat (LTR) and the other an internal promoter (IP) in the envelope gene. To
analyse the mechanism of transactivation of the FVs, the specificity of feline FV (FFV) Tas protein, which is more
distantly related to the respective proteins of non-human primate origin, were investigated. FFV Tas has been shown
specifically to activate gene expression from the cognate promoters. No cross-transactivation was noted of the pro-
totype foamy virus and human immunodeficiency virus type 1 LTR. The putative transactivation response element
of FFV Tas was mapped to the 5' LTR U3 region (approximately nt -228 to -195). FFV Tas binds to this element
in addition to a previously described sequence (position -66 to -51). It is therefore conciuded that FFV Tas is a DNA-

binding transactivator that interacts with at least two regions in the virus LTR.
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