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Elucidation of endogenous factors and signal pathways involved in changes in
lipid metabolism due to excessive phosphorus intake
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In order to elucidate the mechanism by which high-phosphorus stimulation
affects lipid metabolism in the organism, we analyzed changes in gene expression of rat liver after
an 8-hour administration of a high-phosphorus diet by using DNA microarray. The results showed that
lipid metabolism-related genes, including FGF21, were significantly upregulated in the
high-phosphorus diet group. The FGF21 protein in the serum of the rats was measured by ELISA and
showed significantly higher levels in the high-phosphorus diet group. On the other hand, there was
no significant difference in PTH, which responds early to elevated blood phosphate levels. These
results suggest that changes in the expression of genes related to lipid metabolism in the liver are

caused by direct sensing of high phosphorus stimulation, rather than indirect effects by PTH.
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FGF21 R&D Systems FGF23 PTH RayBiotech
ELISA
1 g
Control diet HPdiet
(P: 0.3%) (P: 1.2%)
Casein 200 200
L-Cystine 3 3
Corn Starch 397.486 397.486
Dextrinized Corn
Starch 132 132
Sucrose 100 100
Cellulose 50 10.52
Soybean Oil 70 70
t-Butylhydoroquinone 0.014 0.014
AI_N-93G Minera 35 35
Mix
AI_N-93G Vitamin 10 10
Mix
Choline Bitartrate 25 25
KH,PO, 0.0 39.48
Total 1000 1000
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2 DNA
ISOGEN 11 total RNA
RNeasy Mini kit (QIAGEN) total RNA GeneChip 3IVT Plus
reagent kit (Thermo) GeneChip Rat Genome 230 2.0 Array
(Thermo) DNA

CEL
(http://www.bioconductor.org/)

c HP
FDR < 0.05
DAVID https://david.ncifcrf.gov

R Bioconductor

Distribution free weighted method (DFW)
Rank products

Ingenuity Pathway Analysis (IPA, QIAGEN)

3
HepG2
HepG2 10% FBS DMEM 24
37°C 5% CO02 72 DMEM
0.9mM 2 1.8mM 10 9ImM NaH2PO4
KH2PO4 DMEM 24
WST-1 Roche FGF21 mRNA RT-PCR
THUNDERBIRD® SYBR® Mix,
1
2 HP
8
Glu TG T-
CHO HDL HDL-CHO
8
2
Control HP
Ca(mg/dL) 102 + 0.1 10.0 £ 0.1%*
P (mg/dL) 92 + 04 105 + 0.2
Glu (mg/dL) 1794 + 67 1838 + 7.4
TG (mg/dL) 720 + 182 556 + 25
T-CHO (mg/dL) 750 + 0.9 76.6 + 2.0
HDL-CHO (mg/dL) 330 + 0.6 31.0 + 08
+ n=5
*: p<0.05, **: p<0.01 vs Control Student’s t-test
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HP 365
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PTH
Insulin
3
Control HP
Insulin (ng/mL) 082 + 0.16 118 + 041
PTH (ng/mL) 358 + 0.60 3.49 + 0.60
FGF21 (pg/mL) 493 + 84 965 + 15.9*
FGF23 (pg/mL) 1531 + 44 2927 + 21.5+**
+ n=5
*: p<0.05, ***: p <0.001 vs Control Student’s t-test
IPA HP
PPARa STAT3
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