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Swmmary  Alkaline phosphatase (ALP) hydrolyzes a variety of monophosphate esters into
inorganic acid and alcohol at a high optimum pH (pH 8-10). Previously, we identified a sig-
nificant increase of intestinal ALP (IAP) activity in the rat intestine on long-term dietary
vitamin K supplementation. However, it was unclear whether the induction of ALP gene
expression was caused by vitamin K intake. In the present study, we examined the effects of
vitamin K on IAP gene expression. A total of 21 male ICR strain mice (7 wk old) were
divided into three groups: control, PK, and MK groups. Mice were orally administered a 0.1~
mL solution of physiological saline in the control group, phylloguinone (3 mg/kg mouse) in
the PK group, and menaquinone-4 (3 mg/kg mouse) in the MK group. Four hours after
administration, we determined the ALP activity of the intestinal mucosa in three areas
(duodenum, jejunum, and ileum). In the MK groups, the levels of ALP activity in the
jejunum increased significantly compared with the control. Moreover, reverse transcription-
polymerase chain reaction (RT-PCR) analysis using specific primers revealed that IAP
mRNA expression was significantly enhanced in the jejunum in both PK and MK groups.
Interestingly, vitamin K administration also increased the expression of pregnane X receptor
mRNA. This is the first report concerning IAP mRNA expression induced by oral adminis-
tration of vitamin K. The results support the possible involvement of vitamin K in the regu-

lation of IAP mRNA expression as a novel pharmacological effect of vitamin K.

Key Words

Alkaline phosphatase (ALP, EC 3.1.3.1) is an enzyme
containing zinc which hydrolyzes monophosphate
esters into inorganic phosphoric acid and alcohol at a
high optimal pH (pH 8~10). The enzyme is distributed
widely throughout the living world from bacteria to
animals, excluding plants, and it exists in various tis-
sues such as the intestine, liver, kidney, bone, placenta,
stomach, and leukocytes.

In humans, four kinds of ALP isozyme have been
identified: tissue-nonspecific ALP (liver/bone/kidney:
TNSALP), intestinal ALP (IAP), placental ALP, and
germ cell ALP (1-4). The TNSALP gene is located on
chromosome 1 and consists of 12 exons and 11 introns,
with the coding sequence beginning in the second exon.

A single gene for human IAP has been isolated, and
the multiple forms of mRNA encoding human IAP are
due to differences in polyadenylation (2). Although
most species express a single TAP, several kinds of IAP
have been identified in three species: the mouse (5), rat
(6, 7), and cow (8).

*To whom correspondence should be addressed.
E-mail: goseki@fc.jwu.ac.jp
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In rats, ALP is classified into two types: TNSALP and
IAP. IAP is present in the membrane surrounding neu-
tral fat droplets in the microvilli of the intestinal
mucosa during fat absorption, and is thought to trans-
port dietary lipids from the intestinal tract into the cir-
culation as a component of unilamellar membranes
called surfactant-like particles (SLPs) (9). Two different
cDNA clones, IAP-I and IAP-I1, for rat IAP were isolated
by Lowe et al. (6) and Strom et al. (7), respectively.
Strom et al. found that the expression of IAP-II mRNA
was specifically enhanced by 1«,25(0H)2D; administra-
tion. The two isozymes are products of two distinct
genes and their cDNA sequences show 79% homology
at the amino acid level. Functional differences between
IAP-T and IAP-II were suggested by the differing regula-
tion of the expression of the two mRNAs (10), as well as
by structural and catalytic differences (11).

In mice, five different ALP loci have been identified:
TNSALP, IAP, embryonic ALP (EAP), Akp6, and Akp-
ps1. These ALP genes code for different proteins: Akp2
encodes TNSALP, Akp3 encodes TAP, Akp5 encodes EAP,
Akp6 encodes a novel TAP-like isozyme expressed glob-
ally in the gut (thus called gIAP), and Akp-ps1 encodes
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the inactive pseudo-type ALP (5, 7).

Previously, we reported the enhanced effects of vita-
min K on IAP activity in rats (12). Sprague-Dawley rats
(6 wk old) were divided into three groups: a control
(AIN-93M diet), phylloquinone (PK: 600 mg/kg diet),
and menaquinone-4 (MK-4: 600 mg/kg diet) diet
group. After 3 mo of feeding of vitamin K, the animals
were fasted overnight. The small intestine was removed
and divided info five segments. In each segment, both
PK and MK-4 increased AP activity (12).

Vitamin K acts as a cofactor for y-glutamyl carboxy-
lase (GGCX), and is well-known to participate in the
activation of blood coagulation factors and bone miner-
alization (13). All forms of vitamin K have 1,4-naph-
thoquinone as a common ring structure, and natural
vitamin K exists in two molecular forms, vitamin K,
{phyllogquinone: PK) and vitamin K (menaquinone:
MK-n). PK is abundant in green vegetables in a com-
pound with a phytyl side chain. Vitamin K is classified
into MK-1-14 due to the repeat structure of the side
chain, with isopren comprising the side chain. MK-4
shows marked physiological activities as a vitamin K,
and is included in many animal-based foods such as
meat. Recent studies have demonstrated the possibility
that vitamin X regulates the expression of bone-related
genes such as ALP through steroid X receptor (SXR,
also termed pregnane X receptor: PXR) (14).

In the present study, we examined whether the
enhancing effect of PX or MK-4 administration on [AP
activity occurs via the intestinal mucosa directly, and
we revealed the effects of the oral administration of PK
or MK-4 on the expression of 1APs (Akp3 and Akp6) and
PXR in the mouse intestine. ‘

MATERIALS AND METHODS

Experimental animals.  The care and use of mice in
the present study followed the guidelines of governmen-
tal legislation in Japan on the proper use of laboratory
animals, and the stady protocol was approved by the
Institutional Review Board of Japan Women's Univer-
sity. A total of 21 male ICR strain mice (7 wk old) were
wsed (31.1:£0.2 g). They were fasted overnight with
free access to water. On the following day, the animals
were given 0.1 mL of solution via an intragastric tube:
vehicle (physiological saline) for the control group
(Cont.), PK (3 mg/kg mouse) for the PK group, and MK-
4 (3 mg/kg mouse) for the MK group. The molecular
weights of PK (CsiHaOx MW=450.7) and MK-4
(C31H4p02: MW =444.7) are very similar. PK and MK-4
were kindly supplied by Eisai Co., Ltd. (Tokyo, Japan).

Serwm and tissue sampling.  Four hours after admin-
istration, blood was collected from the abdominal aorta
under ether anesthesia, and perfusion with saline was
performed until the liver was blanched, in order to min-
imize the blood contamination of tissue samples. The
small intestine was removed and divided into three
regions. From the pylorus, we took the first 1 ¢cm as the
duodenum, and then separated the remaining part into
the jejunum and ileum. The segments were slit longitu-
dinally, rinsed with ice-cold saline, and scraped from the

mice just after dissection. Each sample was homoge-
nized using a Polytron homogenizer (Kinematica, Swit-
zerland) with 10 mu Tris-buffered saline containing 1%
Triton X-100 (pH 7.3) and 1 mm phenylmethylsulfo-
nylfluoride (PMSF). The supernatant obtained after
centrifugation at 7,000 Xy for 15 min was used as the
enzyme extract.

Enzyme assay.  ALP activity was determined with
10 mM p-nitro-phenylphosphate as a substrate in 100
mM 2-amino-2-methyl-1,3-propanediole HCl buffer con-
taing Smy MgCl, pH 10.0, at 37°C, as previously
reported (15). To analyze the biochemical properties of
ALP, an inhibitory assay using levamisole (Lev) and 1-
phenylalanine (1-Phe) and a thermostability assay were
performed, as previously described (15).

The enzyme activity was defined as the rate of hydrol-
ysis of p-nitro-phenylphosphate and expressed in units
(U= gmol p-nitro-phenol formed/min).

Protein concentrations were determined using BCA
protein assay reagent (Pierce, Rockford, IL, USA).

Sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis.  Polyacrylamide gel (7.5%) electrophoresis in the
presence of sodium dodecyl sulfate (SDS) was carried
out according to the method of Weber et al. (16). After
electrophoresis, ALP isozymes separated in the gel were
stained by the coupling of B-naphthyl-phosphoric acid
monosodium salt with Fast Violet B salt (17).

RNA isolation and reverse transcription-polymerase
chain reaction (RT-PCR).  Total RNA from the intestinal
mucosa was extracted employing the acid guanidinium
thiocyanate-phenol-chloroform method (18). As a tem-
plate for PCR, single-strand ¢DNA was prepared from
1 ug of total RNA using Ready-to-go You-Prime First-
Strand Beads (Amersham Pharmacia Biotech UK Ltd.,
Buckinghamshire, England), PCR primers were used for
Akp3 (19), Akp2 (20), AkpS (21), and PXR (22). In
order to detect Akp6, sense {AkpG-up) and anti-sense
(Akp6-down) primers were designed on the basis of the
Akp6 nucleotide sequence (GenBank: NCBI sequence
data: AKOOS000). Akp6-up spans nucleotide positions
882902 and Akp6-down spans 1,333-1,354 (23).
The PCR conditions were as follows: 5 cycles at 94°C
{1 min), 50°C (1 min), and 72°C (1 min), and 25 cycles
at 94°C (30 5), 55°C (30 s), and 72°C (30 5), followed by
10 min at 72°C. Negative controls were performed with
each RT-PCR reaction, omitting the template. The effi-
ciency of reverse transcription was verified by the detec-
tion of GAPDH (glyceraldehyde-3-phosphate dehydro-
genase, forward: 5-ACC ACA GTC CAT GCC ATC AC-3",
reverse:3-TCC ACC ACC CTG TTG CTG TA-3"), as previ-
ously described (23).

The amplified samples were analyzed using 5.25%
polyacrylamide gel electrophoresis (PAGE). The gels
were stained with ethidium bromide and observed
under UV light. The band intensity on PCR photo-
graphs was quantified by densitometry (AE6920M,
ATTO, Tokyo, Japan). The PCR product was normalized
to the intensity ol the band for the house-keeping gene
GAPDH, and is expressed as a ratio of the relative band
intensity.



