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(A) 

 
Fig. 1-1 (A)   Chemical structure of vitamin K1 (phylloquinone).  

 

 

(B) 

 

Fig. 1-1 (B)   Chemical structure of menaquinone-4 (MK-4).   
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(1)  

Caco-2 RIKEN Cell Bank (RCB0988)

, Ibaraki, Japan D-MEM

Gibco, Grand Island, NY USA 10%

FBS fetal bovine serum Gibco 1%  NEAA Non-Essential Amino Acid

Gibco 1% 100U/mL 100 

µg/mL 5%CO2 37  

Caco-2 35 mm Tissue Culture Dish Easy Grip 35 x 

10 mm style, FALCON, Bedford, USA 2 5 x 104 cells / cm2

2 60 70% MK-4 0 1 5

10 µM 0 3 7 11

 

MK-4 Tokyo, Japan

MK-4

0.1% 2  

 

(2)  

PMSF Phenylmethylsulfonyl Fluoride Wako, Osaka, 

Japan BENZANMIDINE SIGMA, Steinhem, Germany 99.9%

1 mM TBS 10mM 

Tris-buffered saline pH7.4 0.9%NaCl 0.5 ml / dish

POLYTRON PT1200, KINEMATICA  AG, 
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Switzwrland 1% TritonX-100 SIGMA 10

1,000 x g 5

 

 

(3) ALP  

PVC Micro titer No,2101

DYNEXTECHNOLOGIES, INC, VA, U.S.A 50 

µl -NPP 10 mM -nitrophenyl phosphate disodium salt Wako , 5 

mM MgCl2, 100 mM 2-Amino-2-methyl 1,3-propandiol HCl buffer pH10.0

150 µl 2N NaOH 50 µl

405 nm Lab systems Multiskan 

BICHROMATIC Thermo Lab systems Helsinki, Finland  

ALP  

 

ALP activity (mU/ml) 

A405/60.4/ (min.)/ (ml)  

      A405 405nm  

      (ml) 

            1 U=100 mU=1 µmol -nitro phenol formed/min. 

 

BCA Protein Assay Kit Pierce, Thermo Fisher 

Scientific, Waltham, MA USA [35]  
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(4) ALP  

10 mM TBS 3 10%

Wako, Osaka, Japan 2 ml 10 10 mM 

TBS 3 Naphyol AS-MX phosphate SIGMA N,N, 

dimethylfolmamide Wako 20 mM MgCl2 0.4 M Tris-HCl buffer

Fast Red Violet LB salt SIGMA 2 ml

Fast Violet LB salt Sigma-Aldrich [36]  

 

(5) ALP  

Levamisole [37]

0.1 M -nitrophenyl phosphate, 50 mM MgCl2, 1M 2-Amino-2-methyl 

1-1, 3-propandiol HCL buffer pH10.0 130 µl

2N NaOH 50 µl 56

10

100%  

30 µl H2O 40 µl  130 µl 

Levamisole 30 µl  40 µl  130 µl 

56 10 30 µl H2O 40 µl  130 µl 
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(6) RT-PCR Reverse Transcription-Polymerase Chain Reaction  

 RNA  

- [38] RNA Zol CS104 

RNAzolTMB, TEL-TEST, INC., TX, U.S.A total 

RNA  

 

 cDNA complementary DNA  

2 µg total RNA DEPC diethyl-pyrocardonate

32 µl 65 10

Ready to Go 27-9264-01 Amersham Pharmacia Biotech 

UK Ltd., Buckinghamshire, England 50 ng/µl 

Random Primer Gibco BRL, MD,U.S.A 1 µl 37

 

 

 PCR DNA  

Takara Taq R001B, Takara, Shiga, Japan PCR

cDNA 2 µl 10 Buffer 5 µl 2.5 mM each dNTP 4 µl 5 U/ l Taq

0.3 µl  36.5 µl forward reverse  1 

µl PCR  Thermal Cycler, Thermo Fisher 

Scientific
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PCR condition  

(94 -5min) 1 (94 -1min, 50 1min, 72 1min) 5 (94 -30sec, 55

-30sec, 72 -30sec) 25 (72 -10min) 4 -  

 

PCR hIAP human intestinal alkaline phosphatase[39]

hSI human Sucrase-Isomaltase[40] hSXR human steroid and 

xenobiotic receptor[31] hTNSALP human tissue non-specific alkaline 

phosphatase[41] GAPDH Glyceraldehyde phosphatase dehydrogenase

forward reverse Table 1-1  
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Table 1-1   PCR oligonucleotide primers and predicted size of PCR 

products. 
 

Primer   Length Position  

hIAP forward        CAC  
708 bp 422-1129 

hIAP reverse     TGGTCAGCGGTGACGAGGGTCA  

hSI forward              CATCCTACCATGTCAAGAGCCA  
196 bp 5070-5265 

hSI reverse          GCTTGTTAAGGTGGTCTGGTTT  

hSXR forward                        CAAGCGGAAGAAAAGTGAACG  
442 bp 378-819 

hSXR reverse       CTGGTCCTCGATGGGCAAGT  

hTNSALP forward           AAGGAGGCAGAATTGACCACG  
195 bp 998-1192 

hTNASALP reverse    CAAAGATAGAGTTGCCACGGG   

GAPDH forward     ACCACAGTC  
452 bp 525-976 

GAPDH reverse    

The A in the ATG of the initiator Met codon is denoted as nucleotide +1. 
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PCR 8 µl sample Buffer Solution 

A 50% glycerol, 0.25%BPB, 0.25% xylen cyanol Sample Buffer 

Solution B 5% SDS, 0.1M EDTA 1 1 2 µl 5.25%

100V, 20min.

FP-6000 , 

, Tokyo, Japan  

 

  

ATTO Densitogtaph software library, Marcintosh

 Version4.0 , Tokyo, Japan

RNA

GAPDH  

 

(6) DNA  

Caco-2 ALP PCR hIAP

BigDyeR Terminator v.3.1 Cycle 

Sequencing Kit Applied Biosystems, Foster City, CA, USA 3730xl 

DNA Analyzer Applied Biosystems  

 

(7)  

the mean S.E.

IBM SPSS Statistics 22 , Tokyo, Japan

ALP
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Dunnet RT-PCR

MK-4 0 µM 1 µM 2 S

5%  
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(1) ALP  

Fig. 1-2 Caco-2 ALP  

 MK-4 0 1 5 10 µM 4 0 3 7 11

Caco-2 ALP  

MK-4 3 MK-4 1 µM ALP

0 µM 0.01  

MK-4 7 MK-4 1 5 10 µM

ALP 0 µM 0.001,

0.001, 0.001  

 MK-4 11 MK-4 1 µM ALP

0 µM 0.05  

 MK-4 1 5 10 µM 0 µM
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Fig. 1-2   Effect of MK-4 concentration on ALP activity in the Caco-2 cells.  

The Caco-2 cells was cultured in various concentrations of MK-4 in the 

medium for 3, 7, and 11 days. 

Results are the mean  S.E. from triplicate experiments. 

significance of differences among MK-4 concentrations of 0, 1, 5, and 10 µM 

( : <0.05, : <0.01, : <0.001). 
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(2) ALP  

ALP MK-4 7

MK-4 0 1 5 10 µM ALP

Fig. 1-3 (A)~(D)  

ALP MK-4 Caco-2 0 µM

Caco-2 MK-4
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Fig. 1-3 Caco-2 cells on coverslips were stained for ALP activity on day 7.  

Light micrograph of the monolayer of confluent Caco-2 cells (x 100).

Cells were stained for ALP activity (stained red) as described in Materials 

and Methods. 

(A)   MK-4: 0 µM. 

(B)   MK-4: 1 µM.

(C)   MK-4: 5 µM.

(D)  MK-4: 10 µM.

Bar=100 µm

(A) (B)

(C) (D)
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(3) ALP  

MK-4 7 MK-4 0 1 5 µM ALP

Table 1-2  

MK-4 1 µM 5 µM ALP

0 µM  
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Table 1-2   Inhibitory effects on alkaline phosphatase of Caco-2 cells (%) 

 

MK-4 concentrations 
Levamisole 

Heat 

inactivation 

(1 mM) (56  10 min) 

Caco-2 cells  

0 µM 29.0 6.4 100.0 0.0 

1 µM 39.2 2.0 100.0 0.0 

5 µM 33.9 1.2  97.8 1.2 

 

ALP activity was assayed by the rate of hydrolysis of 

-nitro-phenylphosphate. 

The effect of the inhibitor was determined in the presence of  

5 mM MgCl2 in the assay mixture. 

Activities of non-treated controls were designated as 100%. 

Cultured cells were treated with MK-4 (0, 1, or 5 µM) for 7 days. 

Each value represents the means ± S.E. of triplicate experiments. 
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(4) RT-PCR  

MK-4 3 7 11 MK-4  0 µM 1 µM

RT-PCR  

MK-4 3 Caco-2 ALP

mRNA PCR hIAP 708 bp MK-4 0 µM

1 µM

hIAP mRNA MK-4 1 µM 0 µM

0.05 Fig. 1-4 (A) SI mRNA hSI

196 bp SXR mRNA hSXR 442 bp TNSALP

mRNA hTNSALP 195 bp PCR  

MK-4 7 Caco-2 hIAP PCR

3 MK-4 0 µM 1 µM

hSI PCR MK-4  0 µM

1 µM

hSI mRNA 1 µM 0 µM 0.01

Fig. 1-4 (B) hTNSALP PCR MK-4 0 µM

1 µM hSXR PCR

 

MK-4 11 Caco-2 hIAP hSI

PCR MK-4  1 µM 0 µM

hSXR PCR hTNSALP PCR
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Fig. 1-5 (A), (B) MK-4: 0 µM

MK-4 1 µM ALP PCR hIAP

NCBI GenBank IAP mRNA

Accession No. NM_001631  
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Fig. 1-4   The relative expression levels of mRNA for hIAP or hSI of Caco-2 

cells.  All values are normalized to the housekeeping gene GAPDH.  

Results are the mean  S.E. from triplicate experiments. 

Comparisons between the MK-4-treated (1 µM) and control (0 µM) groups 

were performed using the unpaired two- -test ( : <0.05, 

: <0.01). 

(A) The relative expression levels of mRNA for hIAP in Caco-2 cells on day 3.  

(B) The relative expression levels of mRNA for hSI in Caco-2 cells on day 7.  

hIAP: human intestinal alkaline phosphatase, 

hSI: human sucrase-isomaltase. 
  

(A) (B) 

0

0.1

0.2

0.3

M M

*

0

0.2

0.4

0.6

0.8

M M

**



35

Fig. 1-5 The nucleotide sequences of PCR products from Caco-2 cells using 
hIAP primers are compared to the human intestinal ALP sequence (NCBI 
GenBank Accession No.: NM_001631) (top sequence).
The nucleotide sequences of hIAP primers are underlined. 
Matches among the two sequences are marked by asterisks. 
(A) The PCR products for hIAP in the control group.  
hIAP: human intestinal alkaline phosphatase. 
The A in the ATG of the initiator Met codon is denoted nucleotide +1.

(A)
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Fig. 1-5 The nucleotide sequences of PCR products from Caco-2 cells using 
hIAP primers are compared to the human intestinal ALP sequence (NCBI 
GenBank Accession No.: NM_001631) (top sequence). 
The nucleotide sequences of hIAP primers are underlined. 
Matches among the two sequences are marked by asterisks. 
(B) The PCR products for hIAP in the MK-4-treated group. 
hIAP: human intestinal alkaline phosphatase. 
The A in the ATG of the initiator Met codon is denoted nucleotide +1.

(B)
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  

MK-4 ALP

[42] MK-4 0.5 10 µM ALP

[43] MK-4

[44] Caco-2 MK-4

ALP MK-4 IAP
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Caco-2  

 Caco-2 MK-4 3

7 10 1 µM ALP 0 µM ALP
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[37] MK-4

Caco-2 ALP ALP RT-PCR
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ALP SI
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

K ALP

[27, 32, 33, 45] ALP

PK MK-4

ALP [32]

K PK MK-4

ALP IAP mRNA

[33] PK MK-4 PXR

pregnane X receptor SXR mRNA

 [33] SXR

K

[30, 46]

K2 SXR 1 tsukushi

K2 SXR

[47] K2 SXR

K2 SXR [31] SXR

HT29 SXR [48]

RT-PCR MK-4 hSXR mRNA

hTNSALP mRNA

Caco-2 IAP SXR

MK-4 SXR IAP
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K Gla SXR

MK-4 IAP

 

 K2 Caco-2 IAP mRNA

K2

K2 IAP

IAP K

IAP  
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1  

2 Caco-2 K2

 

 

 

 

Caco-2  MK-4 menaquinone-4 ALP

14

Caco-2 MK-4 MK-4 0 1 10 µM MK-4

1 10 µM ALP 0 µM

ALP mRNA MK-4 1 µM 0 

µM

MK-4 ALP

ALP K2
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 1 Caco-2 MK-4 ALP

ALP mRNA

14

Caco-2 MK-4 ALP

14 Caco-2

K2 ALP

ALP  
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(1)  

1  

Caco-2 35 mm 2 5 x 104 cells / 35 mm 

dish 14 MK-4 0 1 5

10 µM 0 1 3 5 7

1 MK-4

MK-4

0.1% 2  

 

(2)  

1  

 

(3) ALP  

PVC Micro titer No,2101

DYNEXTECHNOLOGIES, INC, VA, U.S.A 50 

µl -NPP 10 mM -nitrophenyl phosphate disodium salt Wako , 5 

mM MgCl2, 100 mM 2-Amino-2-methyl 1,3-propandiol HCl buffer pH10.0

150 µl 2N NaOH 50 µl

405 nm Lab systems Multiskan 

BICHROMATIC Thermo Lab systems Helsinki  

ALP  
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ALP activity (mU/ml) 

A405/60.4/ (min.)/ (ml)  

 

      A405 405nm  

      (ml) 

            1 U=100 mU=1 µmol -nitro phenol formed/min. 

 

BCA Protein Assay Kit Thermo Fisher Scientific

[36] ALP ALP U/mg 

protein  

 

(4) ALP  

Levamisole L-phenylalanine [37]

0.1 M -nitrophenyl phosphate, 50 mM MgCl2, 1M 

2-Amino-2-methyl 1-1, 3-propandiol HCL buffer pH10.0 130 µl

2N NaOH 50 µl

56 10

100%  

 

30 µl H2O 40 µl  130 µl 

Levamisole 30 µl  40 µl  130 µl 

L-phenylalanine 30 µl  40 µl  130 µl 

56 10 30 µl H2O 40 µl  130 µl 
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(5) RT-PCR Reverse Transcription-Polymerase Chain Reaction  

 RNA  

1  

total RNA total RNA Clontech 

Laboratories, Inc. Palo Alto, CA, USA  

 

 cDNA complementary DNA  

2 µg total RNA cDNA PrimeScriptTM  1st 

strand cDNA synthesis Kit, , Shiga, Japan

total RNA DNA complementary DNA cDNA

 

 

 PCR DNA  

 1  

 

  

   1  

 

  

1  
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(6)  

the means  S. E.

IBM SPSS Statistics 22 ALP

Dunnet

Tukey RT-PCR

MK-4 0 µM 1 µM 2 Student s 

5%  
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(1) ALP  

Caco-2 14 MK-4

MK-4 0 1 10 µM 3 MK-4 0 1 3

5 7 ALP Fig. 2-1  

MK-4 1 MK-4 1 10 µM ALP 0 µM

0.01 0.05  

ALP  MK-4

1 µM 54.6  0.4 mU/mg protein 0 µM 50.0  0.3 

mU/mg protein 0.01  

0 µM ALP 0 1 3 5 7
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Fig. 2-1   Effects of the MK-4 concentration on ALP activity in Caco-2 cells. 

Cells were incubated for 14 days after confluency, and desired concentrations 

of MK-4 (0, 1, and 10 µM) were added.  

The Caco-2 cells were assayed on days 0, 1, 3, 5, and 7 after the addition of 

MK-4.  Results are the means ± S.E. from triplicate experiments. 

compare the 

significance of differences among MK-4 concentrations of 0, 1, and 10 µM ( : 

<0.05, : <0.01). 
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(2) ALP  

MK-4 1 MK-4 1 µM Caco-2 ALP

0 µM MK-4 1 0

1 µM ALP L-

Table 2-1 MK-4 1 µM

L- ALP

0 µM  
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Table 2-1   Inhibitory effects on alkaline phosphatase of Caco-2 cells (%) 

 

MK-4 concentrations 
Levamisole L-phenylalanine 

Heat 

inactivation 

(1 mM) (20 mM) (56  10 min) 

Caco-2 cells  
0 µM 42.9 2.7 16.0 1.0 100.0 0.0 

1 µM 40.8 2.5 13.3 3.1 100.0 0.0 

 

ALP activity was assayed by the rate of hydrolysis of -nitro- 

phenylphosphate. 

The effects of the inhibitor were determined in the presence of  

5 mM MgCl2 in the assay mixture. 

Activities of non-treated controls were designated as 100%. 

Cultured cells were treated with MK-4 (0 or 1 µM) for 1 day. 

Each value represents the means ± S.E. of triplicate experiments. 

The unpaired two- -test was used to compare 

the significance of differences between MK-4 concentrations of 0 and 1 µM.  
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 (3) RT-PCR   

MK-4 1 MK-4 1 µM Caco-2 ALP 0 

µM MK-4 1 MK-4

0 µM 1 µM RT-PCR mRNA  

 MK-4 1 ALP mRNA PCR

hIAP 708 bp MK-4  1 µM 0 µM

Fig. 2-2 (A)

hIAP mRNA MK-4 1 µM 0 µM

0.05  

MK-4 1 SI mRNA PCR

hSI 196 bp 1 µM 0 µM

hSI mRNA Fig. 2-2 (B)

MK-4 1 µM 0 µM

0.05  

SXR mRNA hSXR 442 bp TNSALP

mRNA hTNSALP 195 bp PCR MK-4 1 µM

0 µM hSXR hTNSALP

total RNA total RNA 

PCR PCR Fig. 

2-3  
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Fig. 2-2   The relative expression levels of mRNA for hIAP or hSI of Caco-2 

cells.  All values are normalized to the housekeeping gene GAPDH.  

Results are the means ± S.E. from triplicate experiments. 

Comparisons between the MK-4-treated (1 µM) and control (0 µM) groups 

were performed using the unpaired two- -test ( : <0.05). 

(A) The relative expression levels of mRNA for hIAP in Caco-2 cells on day 1.  

(B) The relative expression levels of mRNA for hSI in Caco-2 cells on day 1.  

hIAP: human intestinal alkaline phosphatase,  

hSI: human sucrase-isomaltase. 
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Fig. 2-3 Detection by RT-PCR of hSXR mRNA in the human adult small 

intestine or hTNSALP mRNA in the human adult kidney as a positive 

control.

The PCR products were electrophoresed in a 5.25% polyacrylamide gel. 

hSXR: human steroid and xenobiotic receptor, 

hTNSALP: human tissue non-specific alkaline phosphatase, 

hTNSALP 195 bp

hSXR 442 bp
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  

Caco-2 MK-4 ALP

14

Caco-2 MK-4 ALP  

MK-4 0 µM ALP 0 1 3 5 7

RT-PCR 1

hIAP mRNA hSI mRNA

1

IV dipeptidyl peptidase IV DPP-4 EC 3.4.14.5

mRNA [49] 1 0 µM  

MK-4 1 10 µM ALP 1 0 µM

1

Caco-2 MK-4 1 µM 3 7 11

ALP 14

Caco-2 MK-4 1 ALP

14 Caco-2

ALP MK-4 ALP

1 3 ALP

1 ALP MK-4 1

10 µM  10 µM 1 µM ALP
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RT-PCR 1  MK-4 1 µM 0 µM

hIAP mRNA hSI mRNA hIAP 

mRNA GAPDH mRNA

MK-4 hIAP mRNA

ALP IAP 2

MK-4  

L-

ALP TNSALP

IAP L-

[37] 14 Caco-2

MK-4 ALP

 

14 Caco-2

MK-4 1 µM ALP IAP

SI  

1 SXR mRNA

1 Caco-2 SXR mRNA PCR

MK-4 1 µM 11

14 Caco-2 MK-4 1 0 µM

MK-4 1 µM hSXR mRNA PCR

RNA SXR mRNA

Caco-2 SXR
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MK-4 SXR

ALP  

K

ALP

[32-34, 37, 45, 50]  MK-4 MK-4 ALP

IAP [32-34]

MK-4 ALP [50]

MK-4 ALP

 

14

MK-4 ALP ALP

MK-4 ALP MK-4

MK-4 ALP
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ALP
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2  

 

D

D D 2

D2

D3

Fig. 3-1 (A), (B) D2 D3

[51] D2 D3

D

25- D3 25-hydroxyvitamin D3 25(OH)D3

1, 25- D3 1, 

25-dihydroxyvitamin D3 1, 25(OH)2D3 1, 25(OH)2D3

D vitamin D receptor VDR

D

D

[52, 53]

D

ALP [54]

D ALP IAP 

mRNA [55] D ALP

 

Caco-2 D ALP
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Halline et al. Caco-2 1, 25(OH)2D3

ALP [56] Giuliano et al.

Caco-2 5 11

1, 25(OH)2D3 10 nM ALP

[57] 1, 25(OH)2D3 Caco-2

ALP

3 Caco-2 D

ALP 4

14 Caco-2 D ALP
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(A) 

 
Fig. 3-1 (A)   Chemical structure of vitamin D2. 

 

(B) 

 
Fig. 3-1 (B)   Chemical structure of vitamin D3. 
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D
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D 2 alternative 
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Reverse Transcription-Polymerase Chain Reaction RT-PCR

2 alternative mRNA variant

1, 25(OH)2D3
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 D

ALP D ALP

[54, 55] Caco-2 D

1, 25(OH)2D3 ALP [56, 57]  

IAP [58-61]

IAP 2 mRNA IAP-

IAP- IAP- 2.7kb IAP- 3.0kb [59, 60, 62]

IAP 2

mRNA IAP-

83% [58, 63, 64] IAP

80% [65]

[17] IAP-

[66]

IAP- [58]

91% [64]  

mRNA [3] NCBI AceView

2 alternatively spliced mRNA variant aAug10 

(NM_001631) variant bAug10 (M31008)  [67]

2 alternative mRNA variant

2 IAP alternatively spliced mRNA
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D ALP

 

  
  



64 
 

 

 

(1)  

1  

Caco-2 35 mm 1 x 104 cells / cm2

2 60 70% 1, 25(OH)2D3 0 1 10

100 nM 0 1 3 5 7

1, 25(OH)2D3 Merck Life Science

Darmstadt, Germany 1, 25(OH)2D3

0.1% 2

 

 

(2)  

1  

 

(3) ALP  

1  

 

(4) ALP  

1  

 

(5) ALP  

2  
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(6) RT-PCR Reverse Transcription-Polymerase Chain Reaction  

 RNA  

1  

total RNA Clontech Laboratories, Inc.  

 

 cDNA complementary DNA  

2  

 

 PCR DNA  

PCR 1  

 

PCR hIAP human intestinal alkaline phosphatase[39]

hVDR human vitamin D receptor[68] GAPDH Glyceraldehyde 

phosphatase dehydrogenase 2

alternatively spliced mRNA variant aAug10

hIAP-a human intestinal alkaline phsophstase-a varinant 

bAug10 hIAP-b human intestinal alkaline phosphatase-b

forward reverse

Table 3-1  
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Table 3-1   PCR oligonucleotide primers and predicted size of PCR 

products. 
 

Primer   Length Position  

hIAP forward 5 C  
708 bp 422-1129 

hIAP reverse TGGTCAGCGGTGACGAGGGTCA   

hIAP-a forward  G  
276 bp 2101-2376 

hIAP-a reverse AG  

hIAP-b forward  CT  
407 bp 118-524 

hIAP-b reverse GT  

hVDR forward  AGCCTCAATGAGGAGCACTCCAAG  
207 bp 1174-1380 

hVDR reverse  ACGGGTGAGGAGGGTGCTGAGTA  

GAPDH forward  
452 bp  525-976 

GAPDH reverse  

The A in the ATG of the initiator Met codon is denoted as nucleotide +1. 
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1  

 

  

1  

 

(6) DNA  

total RNA variant aAug10

bAug10 PCR hIAP-a hIAP-b 1

 

 

(7)  

the mean S.E.

IBM SPSS Statistics 22 ALP

Dunnet

RT-PCR 1,25(OH)2D3

0 nM 100 nM 2 S

5%  
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(1) ALP  

 1, 25(OH)2D3 0 1 10 100 nM 4 0

1 3 5 7 Caco-2 ALP Fig. 3-2  

1, 25(OH)2D3 3 1, 25(OH)2D3 10 nM

100 nM ALP 0 nM

0.01 0.001  

1, 25(OH)2D3 5 1, 25(OH)2D3 1 nM

10 nM 100 nM ALP 0 nM  

0.01, 0.001, 0.001  

 1, 25(OH)2D3 7 1, 25(OH)2D3 1 nM

10nM 100nM ALP 0 nM

0.001  

 1, 25(OH)2D3 1 10 100 nM 0 nM
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Fig. 3-2   Effects of the 1, 25(OH)2D3 concentration on ALP activity in 

Caco-2 cells. 

Caco-2 cells were cultured in several concentrations of 1, 25(OH)2D3 in the 

medium for 1, 3, 5, and 7 days.  

Results are the means  S.E. (n=3) from triplicate experiments.   

tiple comparison test was used after ANOVA to compare the 

significance of differences among 1, 25(OH)2D3 concentrations of 0, 10, and 

100 nM ( : <0.01, : <0.001).   
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(2) ALP  

ALP 1, 25(OH)2D3 7

1, 25(OH)2D3 0 1 10 100 nM ALP

Fig. 3-3 (A)~(D)  

ALP 1, 25(OH)2D3 Caco-2

0 nM Caco-2 1, 25(OH)2D3
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Fig. 3-3   Caco-2 cells on coverslips were stained for ALP activity on day 7.  

Light micrograph of the monolayer of confluent Caco-2 cells (x 100).  

Cells were stained for ALP activity (stained red) as described in Materials 

and Methods. 

(A) 1, 25(OH)2D3: 0 nM.  

(B) 1, 25(OH)2D3: 1 nM. 

(C) 1, 25(OH)2D3: 10 nM.

(D) 1, 25(OH)2D3: 100 nM. 

Bar=100 µm

(B)(A)

(C) (D)
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(3) ALP  

1, 25(OH)2D3 7 1, 25(OH)2D3 0 nM 100 nM ALP

L-

Table 3-2  

1, 25(OH)2D3 100 nM L-

ALP 0 nM
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Table 3-2   Inhibitory effects on alkaline phosphatase of Caco-2 cells (%) 

 

1, 25(OH)2D3 concentrations 
Levamisole L-phenylalanine 

Heat 

inactivation 

(1 mM) (20 mM) (56  10 min) 

Caco-2 cells  0 nM 55.7 1.2 18.0 2.8 99.7 0.3 

100 nM 58.2 2.7 16.7 1.5 99.8 0.1 

 

ALP activity was assayed by the rate of hydrolysis of 

-nitro-phenylphosphate. 

The effects of the inhibitor were determined in the presence of 5 mM MgCl2 

in the assay mixture. 

Activities of non-treated controls were designated as 100%. 

Cultured cells were treated with 1, 25(OH)2D3 (0 or 100 nM) for 7 days. 

Each value represents the means ± S.E. (n=3) of triplicate experiments.  

The unpaired two- -test was used to compare the 

significance of differences between 1, 25(OH)2D3 concentrations of 0 and 100 

nM.  

 

 

 
  



74 
 

(4) IAP alternatively spliced variants  

 2 alternatively spliced mRNA variants

variants aAug10 bAug10

aAug10 hIAP-a 2,101-2,376 bAug10 hIAP-b 118-524

RT-PCR  

 Fig. 3-4 IAP alternatively spliced mRNA Variant 

aAug10 10 11 2,550 bp

mRNA Variant bAug10 9 10

1,884 bp mRNA hIAP PCR 708 bp

423-1,130 2 alternatively spliced mRNA variants

variants aAug10 bAug10  

 Fig. 3-5 (A) RT-PCR total RNA

2 alternatively spliced mRNA PCR hAIP-a

hIAP-b PCR hIAP-a hIAP-b

NCBI GenBank IAP mRNA

Accession No. NM_001631 M31008

[Fig. 3-5 (B), (C)]  
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Fig. 3-4 The genomic organization and structure of alternatively spliced 
transcripts of human IAP.   
The human gene (NCBI, GenBank Accession No.J03930) is located on 
chromosome 2 [3], and it contains 10 distinct introns.  It was reported that 
transcription produces 2 alternatively spliced mRNAs [variant aAug10 
(NM_001631) and variant bAug10 (M31008)] (NCBI, AceView) from the 
human gene [67].  The main variant aAug10 is 2,550 bp long, 
and the variant bAug10 is 1,884 bp long.  The 2 spliced mRNAs putatively 
encode proteins (528 and 438 amino acids, respectively), comprising 2 
different isoforms, containing the ALP domain and some transmembrane 
domains. Exons are depicted as closed boxes.  It also shows the location of 
the PCR product (hIAP-a or hIAP-b) for the variant aAug10 or bAug10.  The 
nucleotide sequence of the PCR products of hIAP (708 bp: 423-1,130) is 
common to the two types of alternatively spliced mRNA variants (variants 
aAug10 and bAug10).

Exon

Intron

Variant aAug10 
(2,550 bp) 1 2 3 111094

ALPI gene 4 91 2 3 10 11

Variant bAug10 
(1,884 bp) 3 11b10

1b

1 2 4 9

hIAP-b (118~524)

hIAP-a (2,101~2,376)

hIAP (423~1,130)

hIAP (423~1,130)
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Fig. 3-5 (A)   Detection by RT-PCR of RNAs of the variants aAug10 and 

bAug10 in the human adult small intestine using specific primers. 

The PCR products [hIAP-a (276 bp) and hIAP-b (407 bp)] were 

electrophoresed in a 5.25% polyacrylamide gel. 

hIAP-a 276 bp

(A)

hIAP-b 407 bp
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Fig. 3-5 (B) The nucleotide sequence of the PCR product (hIAP-a) from the 

human small intestine using the specific primers for the variant aAug10 was 

compared with the human ALPI mRNA sequence [NCBI GenBank Accession 

No. NM_001631] (top sequence).  

The nucleotide sequences of the primers are underlined.  Matches between 

the two sequences are marked by asterisks.

The A in the ATG of the initiator Met codon is denoted as nucleotide +1.



78

Fig. 3-5 (C) The nucleotide sequence of the PCR product (hIAP-b) from the 

human small intestine using the specific primers for the variant bAug10 was 

compared with the human ALPI mRNA sequence [NCBI GenBank Accession 

No. M31008] (top sequence).  

The nucleotide sequences of the primers are underlined.  Matches between 

the two sequences are marked by asterisks.

The A in the ATG of the initiator Met codon is denoted as nucleotide +1.
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(5) RT-PCR  

1, 25(OH)2D3 3 5 7 1, 25(OH)2D3  0 nM

100 nM RT-PCR  

2 mRNA

hIAP mRNA PCR 708 bp 1, 25(OH)2D3

3 1, 25(OH)2D3 100 nM 0 nM

Fig. 3-6 (A)

hIAP mRNA 1, 25(OH)2D3 100 nM 0 nM

0.01  

Variant aAug10 mRNA PCR hIAP-a 276 bp 1, 

25(OH)2D3 3 1, 25(OH)2D3 100 nM

0 nM

Fig. 3-6 (B) hIAP-a mRNA 1, 25(OH)2D3 100 nM

0 nM 0.001  

Variant bAug10 mRNA PCR hIAP-b 407 bp 1, 

25(OH)2D3 3 5 7 1, 25(OH)2D3 100 nM

0 nM

Fig. 3-6 (C) hIAP-b mRNA 1, 

25(OH)2D3 100 nM 0 nM 0.05

0.05 0.01  

VDR mRNA PCR hVDR 207 bp 1, 

25(OH)2D3 3 5 7 1, 25(OH)2D3 100 nM

0 nM

Fig. 3-6 (D) hVDR mRNA 1, 25(OH)2D3
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5 1, 25(OH)2D3 100 nM 0 nM

0.01  
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Fig. 3-6 (A)    The relative expression level of mRNA for hIAP in Caco-2 

cells. All values are normalized to the housekeeping gene GAPDH.  Results 

are the means  S.E. (n=3) from triplicate experiments.  Comparisons 

between the 1, 25(OH)2D3-treated group (100 nM) and control group (0 nM) 

were performed using the unpaired two- -test. 

Significant difference between the 1, 25(OH)2D3 -treated group (100 nM) and 

control group (0 nM) on day 3 ( : <0.01). 
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Fig. 3-6 (B)   The relative expression level of mRNA for hIAP-a in Caco-2 

cells. 

All values are normalized to the housekeeping gene GAPDH.  Results are 

the means  S.E. (n=3) from triplicate experiments.  Comparisons 

between the 1, 25(OH)2D3-treated group (100 nM) and control group (0 nM) 

were performed using the unpaired two- -test. 

Significant difference between the 1, 25(OH)2D3-treated group (100 nM) and 

control group (0 nM) on day 3 ( : <0.001). 
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Fig. 3-6 (C)   The relative expression levels of mRNA for hIAP-b in Caco-2 

cells.  

All values are normalized to the housekeeping gene GAPDH.  Results are 

the means  S.E. (n=3) from triplicate experiments.  Comparisons 

between the 1, 25(OH)2D3-treated group (100 nM) and control group (0 nM) 

were performed using the unpaired two- -test. 

Significant difference between the 1, 25(OH)2D3-treated group (100 nM) and 

control group (0 nM) on days 3, 5, and 7 ( : <0.05, : <0.05, and : 

<0.01, respectively). 
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Fig. 3-6 (D)   The relative expression levels of mRNA for hVDR in Caco-2 

cells.  

All values are normalized to the housekeeping gene GAPDH.  Results are 

the means  S.E. (n=3) from triplicate experiments.  Comparisons 

between the 1, 25(OH)2D3-treated group (100 nM) and control group (0 nM) 

were performed using the unpaired two- -test. 

Significant difference between the 1, 25(OH)2D3 -treated group (100 nM) and 

control group (0 nM) on day 5 ( : <0.01). 
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  

Caco-2 1, 25(OH)2D3

ALP 2 IAP 

alternatively spliced mRNA

Caco-2 1, 25(OH)2D3 ALP

1, 25(OH)2D3 ALP ALP

RT-PCR ALP

PCR 1, 25(OH)2D3 3

3 1, 25(OH)2D3  

 24, 25(OH)D3 1, 

25(OH)2D3 1, 25(OH)2D3 0.1 100 nM ALP

TNSALP mRNA [69] 1, 

25(OH)2D3

[69, 70] TNSALP IAP 57%

ALP 52% [3]

TNSALP

[7, 8]  

2 alternatively spliced mRNA

variant aAug10 bAug10 variant aAug10

2, 550 bp bAug10

1,884 bp mRNA [67] Variant 

bAug10 150 bp upstream open reading frame uORF
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main ORF uORF

[67]

[71] Caco-2

1, 25(OH)2D3 2 IAP alternatively spliced variant

aAug10 bAug10 mRNA

hIAP-a hIAP-b

total RNA PCR PCR

1, 25(OH)2D3 0 nM hIAP-a hIAP-b

1, 25(OH)2D3 3 1, 25(OH)2D3

hIAP-a hIAP-b mRNA

5 7 hIAP-a mRNA 1, 25(OH)2D3 0 nM

100 nM hIAP-b mRNA 1, 

25(OH)2D3 100 nM 0 nM

variant aAug10 bAug10

 

 ALP Caco-2

[11] Halline et al. Caco-2 1, 

25(OH)2D3 ALP 1, 25(OH)2D3 Caco-2

[56]  

 D 1, 25(OH)2D3

VDR mRNA VDR 1, 

25(OH)2D3

D vitamin D response element VDRE

1, 25(OH)2D3
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Caco-2 VDR mRNA

[56, 72] 1, 25(OH)2D3

5 hVDR 1, 25(OH)2D3

VDRE [2]

Owen et al. VDRE [73] Orimo et al.

MG-63 TNSALP 1, 25(OH)2D3

VDRE

MG-63 1, 25(OH)2D3

1, 25(OH)2D3 mRNA TNSALP

mRNA [74]

VDRE [3] D

VDRE VDR

VDR

D

 

 [70]

1, 25(OH)2D3 0 100 nM Fig. 3-2

1, 25(OH)2D3 ALP 1, 

25(OH)2D3 100 nM ALP

Caco-2 ALP 1, 25(OH)2D3

1, 25(OH)2D3

IAP 1 1, 25(OH)2D3

ALP
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 1, 25(OH)2D3 Caco-2 IAP 2

alternatively spliced mRNA variant

IAP IAP

D
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2  

4 Caco-2 D

 

 

 

 

Caco-2  D ALP

14 Caco-2 1, 25(OH)2D3 1, 

25(OH)2D3 0 10 100 nM 3 5 7 1, 

25(OH)2D3 100 nM ALP ALP mRNA

0 nM

1, 25(OH)2D3

D

ALP ALP

D  
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  

3 Caco-2 1, 25(OH)2D3

ALP ALP mRNA

Giuliano et al. Caco-2 5

11 1, 25(OH)2D3 10 

nM ALP  [50]

Caco-2 1, 25(OH)2D3 ALP

ALP

14 Caco-2

1, 25(OH)2D3 ALP ALP

 

IAP

SI 1

dipeptidyl peptidase DPP-4 EC 

3.2.1.10 D  
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(1)  

1  

Caco-2 35 mm 6 x 105 cells / 35 mm dish

14 1, 25(OH)2D3 0 10

100 nM 0 1 3 5 7

3 1, 25(OH)2D3 Merck 

Life Science 1, 25(OH)2D3

0.1% 2  

 

(2)  

1  

 

(3) ALP  

 2  

 

(4) ALP  

1  

 

(5) ALP  

1  
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(6) SDS-PAGE Sodium dodecyl sulfate-Poly Acrylamide Gel Electrophoresis  

 SDS 10%

Cat. 161-J321V, Bio-Rad Laboratories, Hercules, 

California, USA [75]

Precision Plus ProteinTM Standards Bio-Rad Laboratories

Fast Violet B salt Wako - [36]

ALP  

 

(7) RT-PCR Reverse Transcription-Polymerase Chain Reaction  

 RNA  

1  

 

 cDNA complementary DNA  

2  

 

 PCR DNA  

PCR 1  

 

PCR hIAP human intestinal alkaline phosphatase[39]

hTNSALP human tissue non-specific alkaline phosphatase[41]

hVDR human vitamin D receptor[68] hSI human 

Sucrase-Isomaltase[40] hDPP-4 human dipeptidyl peptidase [76]

GAPDH Glyceraldehyde phosphatase dehydrogenase

forward reverse Table 4-1  
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Table 4-1   PCR oligonucleotide primers and predicted size of PCR 

products. 
 

Primer   Length Position  

hIAP forward                   CACGACACGCGGCAATGAGGT  
708 bp 422-1129 

hIAP reverse          A  

hTNSALP forward           ACG  
195 bp 998-1192 

hTNASALP reverse    GGG   

hVDR forward AGCCTCAATGAGGAGCACTCCAAG  
207 bp 1174-1380 

hVDR reverse ACGGGTGAGGAGGGTGCTGAGTA  

hSI forward               AGAGCCA  
196 bp 5070-5265 

hSI reverse          T  

hDPP-4 forward CCTTCTACTCTGATGAGTCACTGC  
312 bp 716-1027 

hDPP-4 reverse 5 GTGCCACTAAGCAGTTCCATCTTC  

GAPDH forward     ACCACAGTC  
452 bp 525-976 

GAPDH reverse  

The A in the ATG of the initiator Met codon is denoted as nucleotide +1. 
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   1  

 

  

1  

 

(6)  

the means  S. E.

IBM SPSS Statistics 22 ALP

Dunnet

Tukey RT-PCR

1, 25(OH)2D3 0 nM 100 nM 2

Student s 5%  
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(1) ALP  

Caco-2 14 1, 25(OH)2D3

1, 25(OH)2D3 0 10 100 nM 3 1, 

25(OH)2D3 0 1 3 5 7 ALP Fig. 4-1

 

1, 25(OH)2D3 1 1, 25(OH)2D3 100 nM ALP

0 nM 0.05 1, 25(OH)2D3

3 5 7 1, 25(OH)2D3 10 nM 100 nM

ALP 0 nM 0.001

0.001  

ALP ALP

 

0 nM ALP 0 1 3 5 7

 

 

 
  



96 
 

 

 

Fig. 4-1   Effects of the 1, 25(OH)2D3 concentration on ALP activity in 

Caco-2 cells. Cells were incubated for 14 days after confluency, and desired 

concentrations of 1, 25(OH)2D3 (0, 10, and 100 nM) were added.  

The Caco-2 cells were assayed on days 0, 1, 3, 5, and 7 after the addition of 1, 

25(OH)2D3. 

Results are the means ± S.E. from triplicate experiments. 

significance of differences among 1, 25(OH)2D3 concentrations of 0, 10, and 

100 nM ( : <0.05, : <0.001).  
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(2) ALP  

 1, 25(OH)2D3 7 ALP

Fig. 4-2 (A)~(C) 1, 25(OH)2D3 10 nM 100 

nM Caco-2 ALP
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Fig. 4-2    Caco-2 cells on coverslips were stained for ALP activity on day 7.  

Light micrograph of the monolayer of confluent Caco-2 cells (x 100).  

Cells were stained for ALP activity (stained red) as described in Materials 

and Methods. 

(A)   1, 25(OH)2D3: 0 nM.  

(B)   1, 25(OH)2D3: 10 nM. 

(C)   1, 25(OH)2D3: 100 nM.

Bar=100 µm              

(A)

(C)

(B)
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(3) ALP  

1, 25(OH)2D3 100 nM Caco-2 ALP 0 nM

1, 25(OH)2D3 7 0 nM 100 

nM ALP

Table 4-2 1, 25(OH)2D3 100 nM

ALP 0 nM
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Table 4-2   Inhibitory effects on alkaline phosphatase of Caco-2 cells (%) 

 

1, 25(OH)2D3 concentrations 
Levamisole 

Heat 

inactivation 

(1 mM) (56  10 min) 

Caco-2 cells  0 nM 48.4 0.4 93.5 0.8 

100 nM 47.5 0.6 88.6 1.2 

 

ALP activity was assayed by the rate of hydrolysis of 

-nitro-phenylphosphate. 

The effects of the inhibitor were determined in the presence of 5 mM MgCl2 

in the assay mixture. 

Activities of non-treated controls were designated as 100%. 

Cultured cells were treated with 1, 25(OH)2D3 (0 or 100 nM) for 7 days. 

Each value represents the means ± S.E. (n=3) of triplicate experiments.  

The unpaired two- -test was used to compare the 

significance of differences between 1, 25(OH)2D3 concentrations of 0 and 100 

nM.  
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(4) SDS-  

1, 25(OH)2D3 7 1, 25(OH)2D3 0 nM 100 nM ALP

SDS-PAGE Fig. 4-3 0 nM

100 nM 1 ALP 100 kDa

100 nM 0 nM ALP  
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Fig. 4-3 Intestinal ALP isozymes of the Caco-2 cells on day 7 separated by 

10% SDS polyacrylamide gel electrophoresis. 

The gels were stained for ALP activity with a -naphtyl-phosphoric acid 

monosodium salt, Fast violet B salt.  

0 nM 100 nM

100 kDa
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(5) RT-PCR  

1, 25(OH)2D3 1 3 5 7 1, 25(OH)2D3 100 nM

Caco-2 ALP 0 nM 1, 

25(OH)2D3 1 3 5 7 1, 25(OH)2D3 0 nM 100 nM

RT-PCR mRNA  

ALP mRNA PCR hIAP 708 bp

1, 25(OH)2D3 1 3 5 7 1, 25(OH)2D3 100 nM 0 nM

Fig. 

4-4 (A) hIAP mRNA 1, 25(OH)2D3 100 nM

0 nM 1 0.079 3 5 7

0.05 0.01 0.01  

TNSALP mRNA PCR hTNSALP 195 bp 1, 

25(OH)2D3 100 nM 0 nM

 

VDR mRNA PCR hVDR 207 bp  1, 

25(OH)2D3 0 nM 100 nM

0 nM 100 nM

Fig. 4-4 (B) hVDR mRNA

1, 25(OH)2D3 0 nM 100 nM

 

SI mRNA PCR hSI 196 bp 1, 

25(OH)2D3 1 3 5 7 100 nM 0 nM

Fig. 4-4 (C)

hSI mRNA 5 1, 25(OH)2D3 100 nM
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0 nM 0.05  

DPP-4 mRNA PCR hDPP-4 312 bp

1, 25(OH)2D3 1 3 5 7 1, 25(OH)2D3 0 nM 100 nM

Fig. 4-4 (D) hDPP-4 mRNA

1, 25(OH)2D3 0 nM 100 nM  
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Fig. 4-4 (A)   The relative expression levels of mRNA for hIAP in Caco-2 

cells.  

All values are normalized to the housekeeping gene GAPDH.  Results are 

the means  S.E. (n=3) from triplicate experiments.  Comparisons 

between the 1, 25(OH)2D3-treated group (100 nM) and control group (0 nM) 

were performed using the unpaired two- -test. 

Significant difference between the 1, 25(OH)2D3 -treated group (100 nM) and 

control group (0 nM) on day 3, 5, 7 ( : <0.05, : <0.01, : <0.01, 

respectively). 
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Fig. 4-4 (B)   The relative expression levels of mRNA for hVDR in Caco-2 

cells.  

All values are normalized to the housekeeping gene GAPDH.  Results are 

the means  S.E. (n=3) from triplicate experiments.   
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Fig. 4-4 (C)   The relative expression levels of mRNA for hSI in Caco-2 cells.  

All values are normalized to the housekeeping gene GAPDH.  Results are 

the means  S.E. (n=3) from triplicate experiments.  Comparisons 

between the 1, 25(OH)2D3-treated group (100 nM) and control group (0 nM) 

were performed using the unpaired two- -test. 

Significant difference between the 1, 25(OH)2D3 -treated group (100 nM) and 

control group (0 nM) on day 5 ( : <0.05). 
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Fig. 4-4 (D)   The relative expression levels of mRNA for hDPP-4 in Caco-2 

cells.  

All values are normalized to the housekeeping gene GAPDH.  Results are 

the means  S.E. (n=3) from triplicate experiments.   

 
  

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1 3 5 7

0 nM 100 nM

Day 1 Day 3 Day 5 Day 7

(D) 



109 
 

 

  

14 Caco-2 1, 

25(OH)2D3 ALP ALP

 

 14 Caco-2 1, 25(OH)2D3 100 nM

0 nM ALP ALP

ALP

1, 25(OH)2D3 0 nM 100 nM ALP

SDS-PAGE 100 kDa 100 nM

0 nM

SD ALP SDS-PAGE

110 kDa 100 kDa 2 [54]

ALP SDS-PAGE

RT-PCR IAP- IAP-

110 kDa IAP- 100 kDa

IAP- [55] ALP

2 Caco-2

100 kDa ALP

ALP mRNA

1, 25(OH)2D3 100 nM 0 nM  hIAP mRNA

hIAP mRNA

GAPDH mRNA 1, 

25(OH)2D3 hIAP mRNA ALP
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IAP 2 1, 

25(OH)2D3  

IAP SI

Caco-2 1, 25(OH)2D3

SI Caco-2

[57] 14 Caco-2

1, 25(OH)2D3 5 hSI mRNA

1, 25(OH)2D3

[57, 77, 

78] SI

DPP-4

14 Caco-2 1, 25(OH)2D3

hDPP-4 mRNA Caco-2

HT-29 SI

DPP-4

[49] SI DPP-4

Semiquantitative ( ) RT-PCR

PCR

 

3 1, 25(OH)2D3 VDR

Caco-2 15 18

1, 25(OH)2D3 21 VDR

1, 25(OH)2D3 VDR
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[72] 3 Caco-2

1, 25(OH)2D3 5 1, 25(OH)2D3

hVDR mRNA 14

Caco-2 1, 25(OH)2D3 hVDR mRNA

Caco-2 D

VDR mRNA D

VDR VDR

D Caco-2

1, 25(OH)2D3 LPS

[79] D

VDR [80]

D

 

14 Caco-2 1, 

25(OH)2D3 IAP

1, 25(OH)2D3 ALP

ALP

ALP D
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2  

 

 1 K IAP

D IAP

 

 

3 Caco-2

1, 25(OH)2D3 ALP

1, 25(OH)2D3 3 5 7

1, 25(OH)2D3 100 nM ALP

2 IAP mRNA variant

main variant aAug10 3

bAug10 3 5 7

1, 25(OH)2D3 100 nM  

 

4 14 Caco-2

1, 25(OH)2D3 ALP

1, 25(OH)2D3 1 3 5 7

1, 25(OH)2D3 100 nM ALP 3 5

7 IAP  

 

Caco-2

14 1, 25(OH)2D3 ALP
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IAP 2 IAP mRNA 

variant 1, 25(OH)2D3 ALP

ALP D
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3  
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3  

 

 Caco-2 T84 IAP

[81] IAP

zonula occludens-1 ZO-1

ZO-2 mRNA IAP

[81]  

3 2 variant

Variant aAug10

2,550 bp mRNA IAP mRNA

Variant bAug10

1,884 bp mRNA 3 2

mRNA 1, 25(OH)2D3

variant aAug10 PCR hIAP-a

variant bAug10 PCR hIAP-b

variant aAug10 variant bAug10

2 IAP mRNA 

variant 5

2 mRNA main IAP cDNA IAP-a

Caco-2 ALP

IAP mRNA variant   
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3  

5

Caco-2 IAP-a

 

 

 

 

 IAP 2 alternatively 

spliced mRNA variant aAug10 bAug10

mRNA 2 mRNA

main IAP cDNA IAP-a

IAP Caco-2 2 variant

Caco-2 IAP-a

3 10 ALP Mock

7 Mock 2 3 Reverse 

Transcription-Polymerase Chain Reaction (RT-PCR) variant 

aAug10 PCR hIAP-a IAP-a

1 3 Mock 2 IAP 

mRNA variant PCR hIAP 1 3 Mock

variant bAug10 PCR hIAP-b

IAP-a 7 10 Mock

IAP-a

variant bAug10
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variant aAug10 bAug10

IAP

RNA IAP
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 IAP 2

alternatively spliced mRNA [67] IAP

main IAP cDNA IAP-a

Caco-2 ALP 2

alternatively spliced mRNA variant aAug10 bAug10
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(1)   

 Human intestinal alkaline phosphatase cDNA

I.M.A.G.E. Full Length cDNA clone Purified Plasmid / sequence verified / 

2,259 bp, Clone ID: 40146700 (ALPI), DNAFORM, Kanagawa, Japan

QIAGEN Plasmid Maxi Kit (25), 

QIAGEN, Maryland, USA EcoR

pCR4-TOPO vector Life Technologies, Carlsbad, CA Fig. 5-1 (A)

DNA illustraTM GFXTM PCR DNA and Gel Band 

Purification Kit, GE Healthcare, Buckinghamshire, UK pcDNA3 

expression vector Invitrogen, Carlsbad, CA Fig. 5-1 (B)

Ligation high, , Osaka, Japan DNA

IAP-a  
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Fig. 5-1 (A)   Image of pCR4-TOPO vector. 

Xenbase 

(http://www.xenbase.org/common/ViewImageActionNonAdmin.do?imageId=

40966) 
  

http://www.xenbase.org/common/ViewImageActionNonAdmin.do?imageId=
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Fig. 5-1 (B)   Image of pcDNA3 expression vector. 
Addgene (https://www.addgene.org/12980/) 
 

 
  

https://www.addgene.org/12980/
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(2)   

 IAP-a DNA 1

 

 

(3)  Caco-2  

 1  

 

(4)   

 Caco-2 35 mm 5 105 cells / 35 mm dish

1 µg / 35 mm dish IAP-a Mock DNA

D-MEM Lipofectamine&Plus Life Technologies Mixture

D-MEM Mixture 3 37

1 3 5 7 10

2  

 

(5)   

 1  

 

(6)  ALP  

 1  

 

(7)  ALP  

 1  
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(8)  SDS-  

 4  

 
(9)  RT-PCR Reverse Transcription-Polymerase Chain Reaction  

 

 RNA  

1  

 

 cDNA complementary DNA  

2  

 

 PCR DNA  

PCR 1  

 

PCR hIAP human intestinal alkaline phosphatase[39]

hIAP-a human intestinal alkaline phosphatase-a hAIP-b human intestinal 

alkaline phosphatase-b GAPDH Glyceraldehyde phosphatase 

dehydrogenase forward reverse Table 5-1  

 

 
  



124 
 

 

 

 

 

 
Table 5-1   PCR oligonucleotide primers and predicted size of PCR 

products. 
 

Primer   Length Position  

hIAP forward                    
708 bp 422-1129 

hIAP reverse         

hIAP-a forward G  
276 bp 2101-2376 

hIAP-a reverse AG  

hIAP-b forward CT  
407 bp 118-524 

hIAP-b reverse GT  

GAPDH forward ACCACAGTC  
452 bp 525-976 

GAPDH reverse  

The A in the ATG of the initiator Met codon is denoted as nucleotide +1. 
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1  

 

  

1  

 

(10)   

 mean S.E. IBM 

SPSS Statistics 22

Student 5%
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(1)  

 Human intestinal alkaline phosphatase cDNA IAP-a

Fig. 

5-2 (A) IAP variant aAug10 NM_001361

Sp6 T7

Fig. 5-2 (B)  
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Fig. 5-2 (A)   The nucleotide sequences of IAP-a expression vector using Sp6 

or T7 primers are compared to the human intestinal ALP sequence (NCBI 

GenBank Accession No.: NM_001631) (top sequence).

Matches among the two sequences are marked by asterisks. 

IAP-a: human intestinal alkaline phosphatase-a. 

The A in the ATG of the initiator Met codon is denoted nucleotide +1.

(A)
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Fig. 5-2 (B)   The nucleotide sequence of the IAP-a expression vector. 
  

(B) 
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(2) ALP  

 Fig. 5-3 IAP-a 1 3 5 7 10

ALP  

IAP-a 3 5 7 10

Mock 0.001 0.05 0.001

0.001  

IAP-a 7 ALP

Mock 3  
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Fig. 5-3   Transient transfected Caco-2 cells with the human IAP gene or 

Mock were used to study the influence of IAP overexpression on ALP activity.  

Results are the means ± S.E. from triplicate experiments. 

Comparisons between Mock and IAP-a were performed using the unpaired 

two- -test ( : <0.05, : <0.001).  
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(3) ALP  

 IAP-a 3 ALP

Fig. 5-4 (A), (B)  

IAP-a Caco-2 ALP
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Fig. 5-4    Caco-2 cells on coverslips were stained for ALP activity on day 3.  

Light micrograph of the monolayer of confluent Caco-2 cells (x 100).  Cells 

were stained for ALP activity (stained red) as described in Materials and 

Methods. 

(A)   Mock.

(B)   IAP-a. 

Bar=100 µm           

(A)

(B)
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(4) SDS  

 IAP-a 7 ALP

SDS-PAGE Fig. 5-5  

IAP-a 1 ALP

100 kDa IAP-a

Caco-2 Mock ALP
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Fig. 5-5 Intestinal ALP isozymes of the Caco-2 cells on day 7 separated by 

10% SDS polyacrylamide gel electrophoresis. 

The gels were stained for ALP activity with a -naphtyl-phosphoric acid 

monosodium salt, Fast violet B salt.

100 kDa

Mock IAP-a
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(5) RT-PCR  

 IAP-a 1 3 5 7 10

RT-PCR

Fig. 5-6 (A)~(C)  

2 variant PCR hIAP 708 bp

IAP-a 1 3 5 7 10

Mock 0.001 0.01

0.01 0.01 0.05 Fig. 5-6 (A)  

Variant aAug10 mRNA PCR hIAP-a 276 bp IAP-a

1 3 5 7 Mock

0.001 0.001 0.001 0.01

Fig. 5-6 (B)  

Variant bAug10 mRNA PCR hIAP-b 407bp IAP-a

7 10 Mock

0.05 [Fig. 5-6 (C)]  
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Fig. 5-6 (A)   The relative expression levels of mRNA for hIAP in Caco-2 

cells.  

All values are normalized to the housekeeping gene GAPDH.  Results are 

the means  S.E. (n=3) from triplicate experiments.   

Comparisons between Mock and IAP-a were performed using the unpaired 

two- -test ( : <0.05, : <0.01, : <0.001). 
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Fig. 5-6 (B)   The relative expression levels of mRNA for hIAP-a in Caco-2 

cells.  

All values are normalized to the housekeeping gene GAPDH.  Results are 

the means  S.E. (n=3) from triplicate experiments.   

Comparisons between Mock and IAP-a were performed using the unpaired 

two- -test ( : <0.05, : <0.01, : <0.001). 
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Fig. 5-6 (C)   The relative expression levels of mRNA for hIAP-b in Caco-2 

cells.  

All values are normalized to the housekeeping gene GAPDH.  Results are 

the means  S.E. (n=3) from triplicate experiments.   

Comparisons between Mock and IAP-a were performed using the unpaired 

two- -test ( : <0.05). 
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2 IAP mRNA variant main IAP cDNA

IAP-a Caco-2 IAP

ALP 2 variant  

IAP cDNA IAP-a

2 variant main variant aAug10 mRNA

IAP-a

3 5 7 10 ALP Mock

7 ALP Mock

3 ALP IAP-a

3

SDS-PAGE IAP-a

7 100 kD Mock

RT-PCR 2 variant PCR

hIAP 2 variant PCR hIAP-a hIAP-b

transient stable [82]

1 3 hIAP-a

hIAP variant bAug10 PCR

hIAP-b IAP-a 7 10

Mock IAP-a

variant bAug10

 

RNA non-coding RNA ncRNA
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ncRNA

[83] ncRNA 20 RNA

micro RNA miRNA mRNA 3 mRNA

[84, 85] RNA long non-coding 

RNA lncRNA lncRNA

6000 lncRNA Hox transcript antisense RNA

HOTAIR H3K27

[86]

mRNA miRNA

RNA competing endogenous RNA ceRNA

long intergenic 

non-coding RNA lincRNA [87, 88]

IAP variant aAug10

bAug10 mRNA RNA RNA

2

IAP mRNA  

main IAP Caco-2

ALP variant bAug10 mRNA

2 alternatively spliced mRNA IAP

3 Caco-2 1, 25(OH)2D3

2 IAP variant IAP 2 mRNA

2 IAP mRNA 2 mRNA
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mRNA

IAP RNA

IAP
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3  

 

IAP 2

alternatively spliced variant mRNA

2 variant main IAP cDNA

IAP-a Caco-2 ALP

2 IAP variant  

 

5  Caco-2 IAP-a

ALP Mock 2 IAP 

variant mRNA Mock  

 

IAP-a 2

IAP variant ALP 2

IAP variant mRNA

IAP RNA

IAP
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ALP pH

ALP ALP

TNSALP ALP IAP ALP

ALP 4

ALP

 

IAP

IAP

IAP IAP

IAP

LPS IAP

IAP

IAP

IAP

IAP IAP

IAP

Caco-2 IAP
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3  

 

1 K2

 

K - GGCX

K2 -4 MK-4

MK-4

IAP 1

Caco-2 MK-4 ALP

MK-4 ALP

IAP 2

14 Caco-2 MK-4

Caco-2 MK-4 ALP IAP

 

 

2 D

 

D

D 1, 25(OH)2D3 ALP

3 Caco-2 1, 25(OH)2D3
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IAP 1, 25(OH)2D3 ALP

2 IAP variant

4 14 Caco-2 1, 25(OH)2D3

Caco-2 1, 

25(OH)2D3 ALP IAP  

 

3

 

 3 1, 25(OH)2D3 IAP 2 alternatively spliced 

mRNA variant aAug10 variant bAug10

IAP 2 variant

5 2 variant

aAug10 cDNA IAP-a IAP

Caco-2 ALP

IAP-a ALP

2 IAP variant mRNA 2

variant IAP  

  

 K2 MK-4 D

1, 25(OH)2D3 Caco-2

ALP IAP

2 variant

2 IAP mRNA

2 mRNA mRNA
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IAP

RNA IAP
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Summary 
 

Regulation of intestinal alkaline phosphatase activity and gene 

expression in human intestinal epithelial-like cell line Caco-2 

 

Alkaline phosphatase (ALP) hydrolyzes a variety of monophosphate esters 

into inorganic acid and alcohol.  In humans, four kinds of ALP isozyme have 

been identified: tissue-nonspecific ALP, intestinal ALP (IAP), placental ALP, 

and germ cell ALP.  IAP is expressed at a high concentration in the brush 

border membrane of intestinal epithelial cells, and is known to be affected by 

several kinds of nutrients such as lipids, but little is known about the 

influences of dietary factors on human gut ALP activity.  The aim of this 

study was to examine the regulation of intestinal alkaline phosphatase 

activity and its gene expression in the human intestinal epithelial-like cell 

line Caco-2. 

This manuscript consists of three chapters. 
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Chapter 1 (Studies 1 and 2): The influences of vitamin K2 on ALP activity 

and gene expression. 

  In Study 1, we examined the influences of vitamin K2 (MK-4) on the level 

of ALP activity and expression of ALP mRNA in pre-confluent Caco-2 cells.  

It was demonstrated that vitamin K2 enhanced IAP expression in 

undifferentiated Caco-2 cells.  In Study 2, we examined the influences of 

MK-4 on the level of ALP activity and expression of ALP mRNA in Caco-2 

cells, were incubated them for 14 days after confluency.  It was revealed 

that vitamin K2 enhanced IAP expression in differentiated Caco-2 cells. 

 

Chapter 2 (Studies 3 and 4): The influences of vitamin D on ALP activity and 

gene expression. 

 In Study 3, we examined the influences of vitamin D [1, 25(OH)2D3] on the 

ALP expression in pre-confluent Caco-2 cells.  It was demonstrated that 1, 

25(OH)2D3 enhanced the expression of two types of alternative mRNA 

variants encoding the human alkaline phosphatase, intestinal ( ) gene 

in undifferentiated Caco-2 cells.  In Study 4, we examined the influences of 

1, 25(OH)2D3 on the ALP activity and expression of ALP mRNA was 
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examined in Caco-2 cells, were incubated them for 14 days after confluency.  

It was revealed that expression of IAP is enhanced by 1, 25(OH)2D3 in 

differentiated Caco-2 cells. 

 

Chapter 3 (Study 5): Construction of IAP-a expression vector and the 

influences of transient IAP overexpression by gene transfection. 

  In Study 5, we examined the influences of IAP overexpression on the ALP 

activity and expression of two types of alternatively spliced mRNA variants 

encoding the human  gene.  It was shown that ALP activity and the 

expression of two types of IAP variant mRNA in Caco-2 cells were enhanced 

by IAP-a expression vector transfection.  It was suggested that the two 

variant mRNAs of IAP may regulate expression in a coordinated manner.   

 

  These studies (Studies 1-5) clarified the effects of vitamin K and vitamin D 

on IAP expression in Caco-2 cells, and the two variant mRNAs of IAP 

suggest the importance of the transcriptional regulation of human  

gene expression.  These results provide useful data for elucidating the 

expression mechanism and physiological function of IAP.  



150 
 

 

 

[1]   1990

 8 9-19  

[2]   Weiss MJ, Ray K, Henthorn PS, Lamb B, Kadesch T, Harris H 1988  

Structure of the human liver/bone/kidney alkaline phosphatase gene. 

 263: 12002-10. 

[3]   Henthorn PS, Raducha M, Kadesch T, Weiss MJ, Harris H 1988   

Sequence and characterization of the human intestinal alkaline 

phosphatase gene.  263: 12011-9. 

[4]   Millán JL 1987 Promoter structure of the human intestinal alkaline 

phosphatase gene.  15: 10599. 

[5]   Knoll BJ, Rothblum KN, Longley M 1988 Nucleotide sequence of the 

flanking region by deletion/substitution.  263: 12020-7. 

[6]   Henthorn PS, Raducha M, Edwards YH, Weiss MJ, Slaughter C, 

Lafferty MA, Harris H 1987 Nucleotide and amino acid sequences of 

human intestinal alkaline phosphatase Close homology to placental 

alkaline phosphatase. 84; 1234-8. 

[7]   Whyte MP. Hypophosphatasia. In: Peck WA, editors. Bone and 

Mineral Research. New York: Elsevier Science Publishers; 1989, p. 

319-22. 

[8]   Goseki-Sone M, Orimo H, Iimura T, Miyazaki H, Oda K, Shibata H, 

Yanagishita M, Takagi Y, Watanabe H, Shimada T, Oida S 1998



151 
 

Expression of the mutant (1735T-DEL) tissue-nonspecific alkaline 

phosphatase gene from hypophosphatasia patients. 

13: 1827-34. 

[9]  Goseki-Sone M, Sogabe N, Fukushi-Irie M, Mizoi L, Orimo H, Suzuki 

T, Nakamura H, Orimo H, Hosoi T 2005 Functional analysis of the 

single nucleotide polymorphism (787T>C) in the tissue-nonspecific 

alkaline phosphatase gene associated with BMD.  

20: 773-82. 

[10]  Mariadason JM, Barkla DH, Gibson PR 1997 Effect of short-chain 

fatty acids on paracellular permeability in Caco-2 intestinal 

epithelium model.  272: G705-12. 

[11]  Pinto M, Robine-Leon S, Appay MD, Kedinger M, Triadou N, 

Dussaulx E, Lacroix B, Simon-Assmann P, Haffen K, Fogh J, 

Zweibaum A 1983 Enterocyte-like differentiation and polarization of 

the human colon carcinoma cell line Caco-2 in culture.  47: 

323-30. 

[12]  Goldberg RF, Austen WG Jr, Zhang X, Munene G, Mostafa G, Biswas 

S, McCormack M, Eberlin KR, Nguyen JT, Tatlidede HS, Warren HS, 

Narisawa S, Millán JL, Hodin RA 2008 Intestinal alkaline 

phosphatase is a gut mucosal defense factor maintained by enteral 

nutrition.  105: 3551-6. 

[13]  Narisawa S, Huang L, Iwasaki A, Hasegawa H, Alpers DH, Millán JL 

2003 Accelerated fat absorption in intestinal alkaline phosphatase   

knockout mice.  23: 7525-30. 



152 
 

 [14]  Kaliannan K, Hamarneh SR, Economopoulos KP, Nasrin Alam S, 

Moaven O, Patel P, Malo NS, Ray M, Abtahi SM, Muhammad N, 

Raychowdhury A, Teshager A, Mohamed MM, Moss AK, Ahmed R, 

Hakimian S, Narisawa S, Millán JL, Hohmann E, Warren HS, Bhan 

AK, Malo MS, Hodin RA 2013 Intestinal alkaline phosphatase 

prevents metabolic syndrome in mice.  110: 

7003-8. 

[15]   Lynes M, Narisawa S, Millán JL, Widmaier EP 2011 Interactions 

between CD36 and global intestinal alkaline phosphatase in mouse 

small intestine and effects of high-fat diet.

 301: R1738-47. 

[16]   Hwang SW, Kim JH, Lee C, Im JP, Kim JS 2018 Intestinal alkaline 

phosphatase ameliorates experimental colitis via toll-like receptor 

4-dependent pathway.  820: 156-166. 

[17]   Hamarneh SR, Kim BM, Kaliannan K, Morrison SA, Tantillo TJ, 

Tao Q, Mohamed MMR, Ramirez JM, Karas A, Liu W, Hu D,  

Teshager A, Gul SS, Economopoulos KP, Bhan AK, Malo MS, Choi  

MY, Hodin RA 2017 Intestinal Alkaline Phosphatase 

       Attenuates Alcohol-Induced Hepatosteatosis in Mice.  62: 

 2021-34. 

[18]    Lassenius MI, Fogarty CL, Blaut M, Haimila K, Riittinen L, Paju 

A, Kirveskari J, Järvelä J, Ahola AJ, Gordin D, Härma MA, Kumar 

A, Hamarneh SR, Hodin RA, Sorsa T, Tervahartiala T, Hörkkö 

S, Pussinen PJ, Forsblom C, Jauhiainen M, Taskinen MR, Groop 



153 
 

PH, Lehto M; FinnDiane Study Group 2017 Intestinal alkaline 

phosphatase at the crossroad of intestinal health and disease-a 

putative role in type 1 diabetes.  281: 586-600. 

[19]    Economopoulos KP, Ward NL, Phillips CD, Teshager A, Patel P, 

        Mohamed MM, Hakimian S, Cox SB, Ahmed R, Moaven O, 

        Kaliannan K, Alam SN, Haller JF, Goldstein AM, Bhan AK, Malo 

MS, Hodin RA 2016 Prevention of antibiotic-associated  

metabolic syndrome in mice by intestinal alkaline phosphatase. 

 18: 519-27. 

[20]    Malo MS, Moaven O, Muhammad N, Biswas B, Alam SN, 

Economopoulos KP, Gul SS, Hamarneh SR, Malo NS, Teshager 

A, Mohamed MM, Tao Q, Narisawa S, Millán JL, Hohmann EL, 

         Warren HS, Robson SC, Hodin RA 2014 Intestinal alkaline 

phosphatase promotes gut bacterial growth by reducing the 

concentration of luminal nucleotide triphosphates. 

 306: G826-38. 

 [21]    van Breemen RB, Li Y 2005 Caco-2 cell permeability assays to  

measure drug absorption.  1: 

175-85. 

[22]    Matsumoto H, Erickson RH, Gum JR, Yoshioka M, Gum E, Kim 

YS 1990 Biosynthesis of alkaline phosphatase during 

differentiation of the human colon cancer cell line Caco-2. 

 98: 1199-207. 

[23]   Suttie JW 1985 Vitamin K-dependent carboxylase. 



154 
 

, 54: 459-77. 

[24]   Okano T, Shimomura Y, Yamane M, Suhara Y, Kamao M, Sugiura 

M, Nakagawa K 2008 Conversion of phylloquinone (vitamin K1) 

into menaquinone-4 (vitamin K2) in mice: Two possible routes for 

menaquinone-4 accumulation in cerebra of mice.  283: 

11270-9. 

[25]    Nakagawa K, Hirota Y, Sawada N, Yuge N, Watanabe M, Uchino Y, 

Okuda N, Shimomura Y, Suhara Y, Okano T 2010 Identification of 

UBIAD1 as a novel human menaquinone-4 biosynthetic enzyme. 

 468: 117-21. 

[26]    2015  

     2014 p. 180-2. 

[27]    Price PA 1988 Role of vitamin-K-dependent proteins in bone 

metabolism.  8: 565-83. 

[28]    Sakon M, Monden M, Gotoh M, Kobayashi K, Kanai T, Umeshita 

K, Endoh W, Mori T 1991 The effects of vitamin K on the 

generation of des-gamma-carboxy prothrombin (PIVKA- ) in 

patients with hepatocellular carcinoma.  86: 

339-45. 

[29]   Geleijnse JM, Vermeer C, Grobbee DE, Schurgers LJ, Knapen 

MH, van der Meer IM, Hofman A, Witteman JC 2004 Dietary 

intake of menaquinon is associated with a reduced risk of coronary 

heart disease; the Rotterdam Study.  134: 3100-5. 

[30]   Tabb MM, Sun A, Zhou C, Grün F, Errandi J, Romero K, Pham 



155 
 

H, Inoue S, Mallick S, Lin M, Forman BM, Blumberg B 2003

Vitamin K2 regulation of bone homeostasis is mediated by the 

steroid and xenobiotic receptor SXR.  278: 43919-27. 

[31]   Azuma K, Urano T, Ouvhi Y, Inoue S 2009 Vitamin K2 suppresses 

proliferation and motility of hepatocellular carcinoma cells by 

activating steroid and xenobiotic receptor.  56: 843-9. 

[32]   Sogabe N, Maruyama R, Hosoi T, Goseki-Sone M 2007

Enhancement effects of vitamin K1 (phylloquinone) or vitamin K2 

(menaquinone-4) on intestinal alkaline phosphatase activity in rats. 

 53: 219-24. 

[33]   Haraikawa M, Sogabe N, Tanabe R, Hosoi T, Goseki-Sone M 2011

Vitamin K1 (phylloquinone) or vitamin K2 (menaquinone-4) induces 

intestinal alkaline phosphatase gene expression. 

 57: 274-9. 

[34]    2015

K1 K2

 68 217-23  

[35]   Smith PK, Krohn RI, Hermanson GT, Mallia AK, Gartner FH, 

Provenzano MD, Fujimoto EK, Goeke NM, Olson BJ, Klenk DC

1985 Measurement of protein using bicinchoninic acid. 

 150: 76-85. 

[36]   Kurahashi Y, Yoshiki S 1972 Electron microscopic localization of 

alkaline phosphatase in the enamel organ of the young rat. 

 17: 155-63. 



156 
 

[37]   Goseki-Sone M, Oida S, Iimura T, Yamamoto A, Matsumoto HN, 

Omi N, Takeda K, Maruoka Y, Ezawa I, Sasaki S 1996 Expression 

of mRNA encoding intestinal type alkaline phosphatase in rat liver 

and its increase by fat-feeding.  16: 358-64. 

[38]   Chomczynski P, Sacchi N 1987 Single-step method of RNA 

isolation by acid guanidinium thiocyanate-phenol-chloroform 

extraction.  162: 156-9. 

[39]   Baltes S, Nau H, Lampen A 2004 All-trans retinoic acid enhances 

differentiation and influences permeability of intestinal Caco-2 cells 

under serum-free conditions.  46: 503-14. 

[40]   Gu N, Adachi T, Takeda J, Aoki N, Tsujimoto G, Ishihara A, Tsuda 

K, Yasuda K 2006 Sucrase-isomaltase gene expression is inhibited 

by mutant hepatocyte nuclear factor (HNF)- -

in Caco-2 cells.  52: 105-12. 

[41]   Goseki-Sone M, Iimura T, Takeda K, Nifuji A, Ogata Y, Yanagishita 

M, Oida S 1999 Expression of mRNA encoding tissue-nonspecific 

alkaline phosphatase in human dental tissues.  64: 

160-2. 

[42]   Takeuchi Y, Suzawa M, Fukumoto S, Fujita T 2000 Vitamin K(2) 

inhibits adipogenesis, osteoclastogenesis, and ODF/RANK ligand 

expression in murine bone marrow cell cultures.  27: 769-76. 

[43]   Koshihara Y, Hoshi K, Okawara R, Ishibashi H, Yamamoto S 2003

Vitamin K stimulates osteoblastogenesis and inhibits 

osteoclastogenesis in human bone marrow cell culture. 



157 
 

176: 339-48. 

[44]   Akedo Y, Hosoi T, Inoue S, Ikegami A, Mizuno Y, Kaneki M, 

Nakamura T, Ouchi Y, Orimo H 1992 Vitamin K2 modulates 

proliferation and function of osteoblastic cells . 

187: 814-20. 

[45]   Sogabe N, Mizoi L, Asahi K, Ezawa I, Goseki-Sone M 2004

Enhancement by lactose of intestinal alkaline phosphatase 

expression in rats.  35: 249-55. 

[46]   Zhou C, Verma S, Blumberg B 2009 The steroid and xenobiotic 

receptor (SXR), beyond xenobiotic metabolism. 

7: e001. 

[47]   Ichikawa T, Horie-Inoue K, Ikeda K, Blumberg B, Inoue S 2006

Steroid and xenobiotic receptor SXR mediates vitamin K2-activated 

transcription of extracellular matorix-related genes and collagen 

accumulation in osteoblastic cells.  281: 16927-34. 

[48]   Ouyang N, Ke S, Eagleton N, Xie Y, Chen G, Laffins B, Yao H, Zhou 

B, Tian Y 2010 Pregnane X receptor suppresses proliferation and 

tumourigenicity of colon cancer cells.  102: 1753-61. 

 [49]   Darmoul D, Lacasa M, Baricault L, Marguet D, Sapin C, Trotot P, 

Barbat A, Trugnan G 1992 Dipeptidyl peptidase IV (CD 26) gene 

expression in enterocyte-like colon cancer cell lines HT-29 and  

Caco-2. Cloning of the complete human coding sequence and  

changes of dipeptidyl peptidase IV mRNA levels during cell 

differentiation.  267: 4824-33. 



158 
 

[50]   -  2015

K2  68 271-7  

[51]   2015  

      2014 p. 170-5. 

[52]   Botella-Carretero JI, Alvarez-Blasco F, Villafruela JJ, Balsa JA, 

Vázquez C, Escobar-Morreale HF 2007 Vitamin D deficiency is 

associated with the metabolic syndrome in morbid obesity. 

 26: 573-80. 

[53]   Assa A, Vong L, Pinnell LJ, Avitzur N, Johnson-Henry KC, 

Sherman PM 2014 Vitamin D deficiency promotes 

epithelial barrier dysfunction and intestinal inflammation. 

 210: 1296-305. 

[54]   

 2016

D  

 69 57-63  

[55]   Nakaoka K, Yamada A, Noda S, Goseki-Sone M 2018

Vitamin D-restricted high-fat diet down-regulates expression of inte

stinal alkaline phosphataseisozymes in ovariectomized rats. 

 53: 23-31. 

 [56]   Halline AG, Davidson NO, Skarosi SF, Sitrin MD, Tietze C, Alpers 

DH, Brasitus TA 1994  Effects of 1,25-dihydroxyvitamin D3 on 

proliferation and differentiation of Caco-2 cells.  134: 



159 
 

1710-7. 

[57]   Giuliano AR, Franceschi RT, Wood RJ 1991 Characterization of 

the vitamin D receptor from the Caco-2 human colon carcinoma cell 

line: effect of cellular differentiation.  285: 

261-9. 

[58]    Narisawa S, Hoylaerts MF, Doctor KS, Fukuda MN, Alpers DH, 

Millán JL 2007 A novel phosphatase upregulated in  

knockout mice.  293: 

G1068-77. 

[59]    Lowe M, Strauss AW, Alpers R, Seetharam S, Alpers DH 1990

Molecular cloning and expression of a cDNA encoding the 

membrane-associated rat intestinal alkaline phosphatase. 

 1037: 170-7. 

[60]   Strom M, Krisinger J, DeLuca HF 1991 Isolation of a mRNA that 

encodes a putative intestinal alkaline phosphatase regulated by 1, 

25-dihydroxy vitamin D3.  1090: 299-304. 

[61]   Besman M, Coleman JE 1985 Isozymes of bovine intestinal 

alkaline phosphatase.  260: 11190-3. 

[62]   Yeh K, Yeh M, Holt PR, Alpers DH 1994 Development and 

hormonal modulation of postnatal expression of intestinal alkaline 

phosphatase mRNA species and their encoded isozymes. 

  301: 893-9. 

 [63]   Narisawa S, Hofmann MC, Ziomek CA, Millán JL 1992 Embryonic 

alkaline phosphatase is expressed at M-phase in the 



160 
 

spermatogenic lineage of the mouse.  116: 159-65. 

 [64]   Millan JL. Mammalian alkaline phosphatase From biology to 

applications in medicine and biotechnology. Weinheim, Germany

Wiley-VCH Verlag. 2006, p.1-322 

[65]    Manes T, Glade K, Ziomek CA, Millán JL 1990 Genomic 

structure and comparison of mouse tissue-specific alkaline 

phosphatase genes. 8: 541-54. 

 [66]   Young GP, Yedlin ST, Alpers DH 1981 Distribution of soluble and 

membranous forms of alkaline phosphatase in the small intestine 

of the rat.  676: 257-65. 

 [67]   Homo sapiens gene ALPI, encoding alkaline phosphatase, 

intestinal. AceView genes database, 

http://www.ncbi.nlm.nih.gov/IEB/Research/Acembly/av.cgi?db=hu

man&term=ALPI&submit=Go; 2012 [accessed 16.07.01]. 

[68]   Mocharla H, Butch AW, Pappas AA, Flick JT, Weinstein RS, De 

Togni P, Jilka RL, Roberson PK, Parfitt AM, Manolagas SC 1997

Quantification of vitamin D receptor mRNA by competitive 

polymerase chain reaction in PBMC: lack of correspondence with 

common allelic variants.  12: 726-33. 

[69]   Beresford JN, Gallagher JA, Russell RG 1986 1, 

25-Dihydroxyvitamin D3 and human bone-derived cells in vitro: 

effects on alkaline phosphatase, type I collagen and proliferation. 

 119: 1776-85. 

[70]   Iimura T, Oida S, Ichijo H, Goseki(-Sone) M, Maruoka Y, Takeda K, 

http://www.ncbi.nlm.nih.gov/IEB/Research/Acembly/av.cgi?db=hu


161 
 

Sasaki S 1994 Modulation of responses to TGF-beta by 1, 25 

dihydorxyvitamin D3 in MG-63 osteoblasitc cells: possible 

involvement of regulation of TGF-beta type II receptor. 

204: 918-23. 

[71]     Wethmar K, Barbosa-Silva A, Andrade-Navarro MA, Leutz A

2014 uORFdb a comprehensive literature database on 

eukaryotic uORF biology.  42: D60-7. 

 [72]    Fan J, Liu S, Du Y, Morrison J, Shipman R, Pang KS 2009

Up-regulation of transporters and enzymes by the vitamin D 

receptor ligands, 1 ,25-dihydroxyvitamin D3 and vitamin D 

analogs, in the Caco-2 cell monolayer.  330: 

389-402. 

[73]    Owen TA, Bortell R, Yocum SA, Smock SL, Zhang M, Abate C, 

Shalhoub V, Aronin N, Wright KL, van Wijnen AJ, Stein JL, 

Curran T, Lian JB, Stein GS 1990 Coordinate occupancy of AP-1 

sites in the vitamin D-responsive and CCAAT box elements by 

Fos-Jun in the osteocalcin gene: model for phenotype suppression 

of transcription.  87: 9990-4. 

[74]    Orimo H, Shimada T 2006 Posttranscriptional modulation of the 

human tissue-nonspecific alkaline phosphatase gene expression 

by 1,25-dihydroxyvitamin D3 in MG-63 osteoblastic osteosarcoma 

cells.  26: 227-34. 

[75]     Weber K, Pringle JR, Osborn M 1972 Measurement of molecular 

weights by electrophoresis on SDS-acrylamide gel. 



162 
 

 26: 3-27. 

[76]    Darmoul D, Voisin T, Couvineau A, Rouyer-Fessard C, Salomon R, 

Wang Y, Swallow DM, Laburthe M 1994 Regional expression of 

epithelial dipeptidyl peptidase IV in the human intestines. 

 203: 1224-9. 

[77]    Beaulieu JF, Quaroni A 1991 Clonal analysis of 

sucrase-isomaltase expression in the human colon adenocarcinoma 

Caco-2 cells.  280: 599-608. 

[78]    Trugnan G, Rousset M, Chantret I, Barbat A, Zweibaum A 1987

The posttranslational processing of sucrase-isomaltase in HT-29 

cells is a function of their state of enterocytic differentiation. 

104: 1199-205. 

[79]   Chen SW, Wang PY, Zhu J, Chen GW, Zhang JL, Chen ZY, Zuo 

S, Liu YC, Pan YS 2015 Protective effect of 

1,25-dihydroxyvitamin d3 on lipopolysaccharide-induced 

intestinal epithelial tight junction injury in Caco-2 cell 

monolayers.  38: 375-83. 

  [80]    Liu W, Chen Y, Golan MA, Annunziata ML, Du J, Dougherty 

U, Kong J, Musch M, Huang Y, Pekow J, Zheng C, Bissonnette 

M, Hanauer SB, Li YC 2013 Intestinal epithelial vitamin D 

receptor signaling inhibits experimental colitis.  123: 

3983-96. 

  [81]    Liu W, Hu D, Huo H, Zhang W, Adiliaghdam F, Morrison S, 

Ramirez JM, Gul SS, Hamarneh SR, Hodin RA 2016  



163 
 

Intestinal Alkaline Phosphatase Regulates Tight Junction Protein 

Levels. 222: 1009-17.  

  [82]   2011 1  7 92-6. 

[83]    Khaitan D, Dinger ME, Mazar J, Crawford J, Smith MA, Mattick 

JS, Perera RJ 2011 The melanoma-upregulated long noncoding 

RNA SPRY4-IT1 modulates apoptosis and invasion.  

71: 3852-62. 

  [84]    Lee RC, Ambros V 2001 An extensive class of small RNAa in 

Caenorhabditis slegans.  294: 862-4. 

[85]    Ambros V 2001 microRNAs: tiny regulators with great potential. 

 107: 823-6. 

  [86]    Rinn JL, Kertesz M, Wang JK, Squazzo SL, Xu X, Brugmann 

SA, Goodnough LH, Helms JA, Farnham PJ, Segal E, Chang HY

2007 Functional demarcation of active and silent chromatin 

domains in human HOX loci by noncoding RNAs. 129: 

1311-23. 

  [87]    Huarte M, Rinn JL 2010 Large non-coding RNAs: missing links 

in cancer?  19: R152-61. 

 [88]    Cesana M, Cacchiarelli D, Legnini I, Santini T, Sthandier O, 

Chonappi M, Tramontano A, Bozzoni I 2011 A long noncoding 

RNA controls muscle differentiation by functioning as a 

competing endogenous RNA.  147: 358-69. 

 

  



164 
 

 

 





 

  

 

 



 

 


