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HE . BB B8 AT 4 0(BMSCs) 3 5/6 Bl K A% M B I (CKD) B84 34 & L4 F 71
YVERBHAAH . FTik KRR 5/6 Bdufkik 4 CKD K RAEAL  REALH 3¢ B4 . 5/6 B Hafx 4l fe BMSCs 40, A 41
6 R, ATBLAAT I AR & B ML LR B 4R B AUE 23855/6 B IR 4047 5/6 B AR R + B RS S Ak iR
2% 7% (PBS) ; BMSCs 2847 5/6 B hath AL R + B3R IEH BMSCs. i) &-28 K R B o s 2% & Sk (b 7 JILEF Ak
FR 240 REOTE) eF Ak a FHRMAEAR (55 5, AR e gk (B B B b Z 85 AKE IR R A e
Bl B e 5 58 NS B @ M2 B BE ) ; B % o, 5 vR IR G B A it o 3 PR BRI & (PTH) Bopk 4F 4 tm it £ K B F 23
(FGF23) 7K ;HE 4 & . Masson 3¢ & B & 4+ & 47K B 20 27 5% 22 T AL ; Western blotting # X &, B4 £ Klotho |
FGF23 & & & ik ; ot % b 8 & B A B4k R #m) K R B 28 28 FGF23  Klotho . FGFR1,FGFR 4, NaPi—2a %
NaPi—2c & ik ; K A R 38 k& BdR 4 52 346 Klotho B 30 F &4, 33X & GV238—Klotho—p—Luc+pRL-TK 41
LA K B F—B1(TGF—B1)48% BMSCs 432 20 , il 3T Transwell dE 3 ik 3& 304k 2 F 7124 hJs , il % K & 5 %
B E AL R E H FEN, R BARALER,5/6 Bk 24h R G R LB R R FE RORFA S
(P<0.05), @& & K-FEAK(P <0.05); 5 5/6 Bk rbis , BMSCs 2064 24h & & e JLEF Rk & SR IHAK(P <
0.05), @& GKRFHZH(P<0.05), 5xFRUILE,5/6 BIntRed b ik s EAL B B Hb =85 ARE EIE & G 2F
BE 8 % R G e B B2 AR-F 1% (P <0.05) 55 5/6 B3ark 28 0L3R , BMSCs 4169 s 7 % B2 B B Hhid = 85 AR B
R &G N2 B BE | 3 58 G 6 R ] B KT 3 FEAR(P <0.05) . 5 3 PRAELILER, 5/6 B3ark406% do i FGF23 PTH /R-F-F+
Z(P<0.05);5 5/6 Bk 4l rbdk , BMSCs 2064 .34 FGE23 . PTH /K- AR (P <0.05), 5HILR B7,5/6 Finrkin
KB B I NE ARG R R A AR MBIR R R Ak a3 e  BMSCs T 16 LR mB B H w42, St
RBLALAR,5/6 Bk 48X .69 FGF23 & @ Aasd Ak F 91 & (P <0.05), Klotho & & AR st £ ik FHAK(P <0.05) ;5 5/6
B-Iaik2a gk, BMSCs 21449 FGF23 & & A st & ik 5 AR (P <0.05) ,Klotho & & AA3T £ & B 7% (P <0.05). 5388
A0 4R,5/6 B itk 2049 FGF23 . FGFR 1, FGFR 4, NaPi—2a & NaPi—2c mRNA 8%} & £ &4+ 3 (P <0.05) , Klotho
mRNA A& K B EAK(P <0.05) ;5 5/6 Bhrk L4, BMSCs 4149 FGF23 . FGFR 1 .FGFR 4 ,NaPi—2a & NaPi—2c¢
mRNA 8%} F 3£ B HAK(P <0.05) ,Klotho mRNA A8 & 5 27+ % (P <0.05), 5 GV238-Klotho—p—Luc+pRL~
TK 28345, TGF—B1 2164 48 it Klotho J& 3 -F A8t 4% sk & A & Klotho & &1 A8 &k K (P <0.05) ;5 TGE-B1 44
Ye#% , BMSCs #2849 Klotho J& 31T 485t 4% & 7 # & Klotho & @ A8 £ & B+ % (P <0.05) ,BMSCs 73 7% Klotho
BT EREARS AR, Zif BMSCs Tl it 8% Klotho && , B -& CKD A8 5 #9 8RRt 241, 5 CKD 8 -F 4
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Abstract: Objective To investigate the intervention effect and mechanism of bone marrow mesenchymal
stem cells (BMSCs) on phosphorus metabolism disorder in chronic kidney disease (CKD) rats with 5/6 nephrectomy.
Methods The CKD rat model was established by 5/6 nephrectomy. Rats were randomly divided into control group,
5/6 nephrectomy group and BMSCs group, with 6 rats in each group. The control group underwent laparotomy and
renal capsule stripping with intact bilateral kidneys preserved; the 5/6 nephrectomy group received 5/6 nephrectomy
plus tail vein injection of equal volume of phosphate-buffered saline (PBS); the BMSCs group received 5/6
nephrectomy plus tail vein injection of BMSCs. Renal function and proteinuria (serum creatinine, urea nitrogen, 24-
hour urinary protein quantification), serum albumin, mineral metabolism indexes (calcium, phosphorus), and blood
lipid profile (total cholesterol, triglyceride, low-density lipoprotein cholesterol and high-density lipoprotein
cholesterol) were measured in each group. Serum levels of parathyroid hormone (PTH) and fibroblast growth factor
23 (FGF23) were detected by enzyme-linked immunosorbent assay (ELISA). Renal pathological changes were
observed by HE staining, Masson staining and transmission electron microscopy. The protein expressions of Klotho
and FGF23 in rat renal tissues were detected by Western blotting. The mRNA expressions of FGF23, Klotho,
FGFR1, FGFR4, NaPi-2a and NaPi-2c in rat renal tissues were detected by quantitative real-time polymerase chain
reaction (qQRT-PCR). Klotho promoter activity was detected by dual-luciferase reporter assay. Three groups were set
up: GV238-Klotho-p-Luc + pRL-TK group, transforming growth factor-B1 (TGF-f1) group and BMSCs treatment
group. After 24 h of intervention via Transwell non-contact co-culture system, the ratio of firefly to renilla luciferase
was detected to evaluate transcriptional activity. Results Compared with the control group, the levels of 24-hour
urinary protein, serum creatinine and urea nitrogen were increased (P < 0.05) and albumin level was decreased (P <
0.05) in the 5/6 nephrectomy group. Compared with the 5/6 nephrectomy group, the levels of 24-hour urinary protein,
serum creatinine and urea nitrogen were decreased (P < 0.05) and albumin level was increased (P < 0.05) in the
BMSCs group. Compared with the control group, the levels of serum phosphorus, total cholesterol, triglyceride, low-
density lipoprotein cholesterol and high-density lipoprotein cholesterol were increased (P < 0.05) in the 5/6
nephrectomy group. Compared with the 5/6 nephrectomy group, the levels of serum phosphorus, total cholesterol,
triglyceride, low-density lipoprotein cholesterol and high-density lipoprotein cholesterol were all decreased (P < 0.05)
in the BMSCs group. Compared with the control group, serum levels of FGF23 and PTH were increased (P < 0.05) in
the 5/6 nephrectomy group. Compared with the 5/6 nephrectomy group, serum levels of FGF23 and PTH were
decreased (P < 0.05) in the BMSCs group. Pathological results showed that renal tubular injury, interstitial fibrosis,
ultrastructural damage and increased foot process fusion occurred in the 5/6 nephrectomy group, and the above
pathological changes were alleviated after BMSCs intervention. Compared with the control group, the relative protein
expression of FGF23 was increased (P < 0.05) and the relative protein expression of Klotho was decreased (P < 0.05)
in the 5/6 nephrectomy group. Compared with the 5/6 nephrectomy group, the relative protein expression of FGF23
was decreased (P < 0.05) and the relative protein expression of Klotho was increased (P < 0.05) in the BMSCs group.
Compared with the control group, the relative mRNA expressions of FGF23, FGFR1, FGFR4, NaPi-2a and NaPi-2c
were increased (P < 0.05) and the relative mRNA expression of Klotho was decreased (P < 0.05) in the 5/6
nephrectomy group. Compared with the 5/6 nephrectomy group, the relative mRNA expressions of FGF23, FGFR1,
FGFR4, NaPi-2a and NaPi-2¢ were decreased (P < 0.05) and the relative mRNA expression of Klotho was increased
(P < 0.05) in the BMSCs group. Compared with the GV238-Klotho-p-Luc + pRL-TK group, the relative
transcriptional activity of Klotho promoter and the relative protein expression of Klotho were decreased (P < 0.05) in
the TGF-B1 group. Compared with the TGF-1 group, the relative transcriptional activity of Klotho promoter and the
relative protein expression of Klotho were increased (P < 0.05) in the BMSCs treatment group. BMSCs could enhance
Klotho promoter activity and promote its expression. Conclusion BMSCs can improve CKD-related phosphorus
metabolism disorder by regulating Klotho expression, providing new evidence for stem cell therapy of CKD.

Keywords: chronic kidney disease; bone marrow mesenchymal stem cells; fibroblast growth factor 23;

Klotho; phosphorus metabolism



RE PR E2E & 36 %
12 4 5 WIE 95 (chronic kidney disease, CKD) 7E 3% # CKD A 5 @ B MUE , B A A TS 2. R, A 0F

B0 T B A 8.2% , Wil A W i 22 2R
I, ves B IATLRE B8 Sy A BT 1 O e WA
KAWZEEL W5 4 B Ve W) 5T 2R 40 L B SO S
A5 A, AN A2 3G s 148 < 0 2 2 AU, B 2
T3 CKD A FE T 19 ok 0 R R P, [t A AL
Jas il 5 Ml AL X6} 2% CKD R Tl G E %

Klotho £ 1 3 #3238 T JIE 1 g /N L FFOIR 55 it
KK 2% N Je BRSS9 YA Lo T Sy e s
UESE, B /N R S Pk R BR Klotho AT S 350™ 1 5 6 1l
FEC, Il R & A8 B, CKD & 35 1 Klotho 7K F
TS B AL Ak R T 5% 0 K A A A % D)
FHSC S L L, Klotho 1y 2T 24 20 Jifd A= <[5 132
& (fibroblast growth factor receptor, FGFR) A b s L3z
A, AT 3 i B £T 4 40 i A 4K DR T 23 (fibroblast growth
factor 23, FGF23) ({5 S5 T, BT /NE L7
24 1 3% 11 JE i FGF23-o-Klotho-FGFR =0 & &4,
HE A g B - B R AR P IR % a2 3 H (sodium-
phosphate cotransporter, NaPi) (9 By fig , W 20 B B %o e
MR £ i ™ (EASTE )2 , FGF23 B Klotho 4
PRl e 2K 14 AT g SR HIL A4 4 B B R R 1) 9 5 P-4, Ik S
T B AR AR B W SO S A R A A A AR A R
R BEIRER TS T B T NaPi-2b 45 /Y 7 18
MM NaPi-2a/2c P45 (9 B I W Wi, o s /N
ARAH T 4 R o R O W IR AR A T U AR 5
FGF23/Klotho fill38 i:f ' 1 NaPi-2a/NaPi-2c 3 ik K& 1§
FE B = B IAE (9 7, A CKD AH S 4 B R 1 2536
MAYT Pt TIRTERE .

B B8 o U Y 8] 72 5T 1 28 i (bone marrow—derived
mesenchymal stem cells, BMSCs ) H-£ H 3 ¥ #1 5 £ )
AT RE , HBAT R S A ARG FERE T 58 |
FEAH A E RAF A0S, © N AR B 2 40 b L 1
R IR FH i 5% A i 326 20 ) AR R i 29 9F 5 IR
S¢, BMSCs T~ 15 1] . 2 R A1 Jmy kb5 Be vk ' /) ek hil
1k (focal segmental glomerulosclerosis, FSGS ) & 7l & K,
F4 ML 75 LT (serum creatinine, Ser) 25 [ JR A& H il =
Jig 7K -, TR B A 38 2 98 28 i 4 25 -6 (Interleukin—
6, 1L—6 ) F1 i 983 2R 78 A T — o (tumor necrosis factor—a,
TNF- o) ) 2 3K 0048 B JRy 5 A A B '™, A4
BMSCs © # 11E 55 AT 3 3 B 21 4k 1k S A P AR AL ] e
B (A 7R RE i i I 45 FGF23/Klotho 424

5% 0L 5 5/6 B VI BR & i CKD K B A R 45t
BMSCs X = i Ifil AE () T FVE FH , 5 ) I HG 2 5 5 1
P4 FGF23/Klotho {5 5 18 B K 58 i e 245

1 RS

LG Y
ARSI K ] SPF 2 fd e ek SD KB, Hodr, 4
B R BT TS U BMSCs 5 6 Ji i (142 180 ~ 220 g)
KEHTE 6l CKD ALY . BMSCs (4R U 77 I % 58
S CHRBI TE . IrAs shp st B Wi as = 2a )
= B8 5256 Bl W b [ 52 58 3 4 AE VR AT E S - SCXK
(#r)2020-0001 , 5 56 gy FH7F 7T IE 7 : SYXK (#7 )
2016-0022], A5 RAWTTA E2ER2E B sh Wi
PR ZE 5y 234t E (ZJICLA-TACUC=20070015) , Jf- /™ k% 1%
TESh AR A ERAE . SR FH W21 516 B VIR AR il
CKD BRI P R FARZEFLIF VIR AL b T (29572
BRI 2/3) .7 dJa i B2 UIR . RJF 4 R 4E
24h JREE 18 el K ERBENL S R 34, Rl 6 H . DX
HRZH XA T I R PR A 5 PO S 3, (R P U e K
@5/6 B VIFRAL : 5/6 B VI BRAR Y + 2 i ik i 5 4 it i
N ‘{q:'ﬂ?l(phosphate buffered saline, PBS) ; 3BMSCs 4
516 B VISR AL+ R k1T 5 BMSCs. Hit, BMSCs 41
F HR R 2 B IKTE ST 1 x 1074 BMSCs, 4 2 i 7%
500 WL PBS H 5 4 4 JE RS 1R, HEAAE 2 Uk X iR
55516 B VIBRA K B2 e ik S 25 B PBS AR X il
1.2 FERFSHAM

K E AR IR & (parathyroid hormone, PTH) .
FGF23 i L I 7 W (enzyme-linked
immunosorbent assay, ELISA ) {57 &l B i & 36 4E
Y TARA RS A, FGF23 £ i e Hi AR (YT1699) i H
& [ Immuno Way 4= %18 R 2\ 7], Klotho P 3¢ BT I
(A12028) 19 [{ B Z R w A MR AR A A,
RIPA 2 . BCA & 1€ st AR & 3 A 38 = KR
Y AR A RS, BT GAPDH 5 78 [ Bt 4 (60004
1-1g) 1 [ 20 = J8 A= 0 R AT BR S | 208056 hs
eI EBT A/t B 1eG 3T (926-32214/926-68070)
W A 35 BRI RFHR A ) BE 2= A A, B RNA 42 B0 7]
TRIzol™ (9109) . PrimeScript™ RT i 7 £ (RRO36A) |
SYBR® Green Master Mix (RR420A ) ¥y [ 52 H B/
AR CRE)HRA A, A KKE T -8l
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(transforming growth factor— 1, TGF-B1) 4 il (K +
(100-21C) It [ 3 [H Yk & % 5¢ 2 Al |, Lipofectamine™
3000 %% G50 1 1 58 [ 3B A R] L WG R i
A IR (E1910) W F 58 [ 3% 3% 22 46 A |, iH R
2 4k £ i [ 26 [ Merck Millipore 23 7 . HEK293T
YR [ v E R B b A A
1.3 EWHE
131 Adedgirien]  TRIBE RIS 12 BRE KR
T 7 ) I (1 o = (R R B K S S e R S b S
(Hitachi 7180, H A< H 3744 FRZS w) ) 46 I ' 2y 5 M i
F AR (I3 WLEF PR R A 24h JREE A E &) L 10L7E A
FE AR bR (85 8 ) |, DL Kl B 1 (g E &
Pt =R A % R AR A IE [ R R R AR AR
P E [ ) o
132 ELISA3X% SR H] ELISA 35K M 1 7% PTH .
FGF23 /K- ™% 3 AT & (DU R A T
AR A\ ) BB A AR 1] BR A (Thermo
Scientific Varioskan LUX) fF 450 nm % £ M 52 WK O
JZ (ODE) , 2l bR th T TH AR e 3
133 mELFELRHMEMUE A E H )5
12 JABCR BV 02 B B B R4 0 M E A i
AU, WA A2 ~ 3 pm BT A, S IR
R [16] 049 J7 ¥ 347 5 ARG -G 20 (HE) 3% €8 F0 55 4%
(Masson) = .44 (4, et 4] 5 fiff A (KF-
PRO-020-HI, T P VL A= Wy Bk oA BR 2w ) 39 4 1k
1% o TR/ mm x 1 mm x 1 mm K GV B2 BORE & i2F
1715 51 1 F 8 3B (transmission electron microscope,
TEM ) # it il 25 5 53 Br o 132 5 il 5 2 e (JEM-
1400, H A HL F#R 3 24 ) WLER B 4 SURB I 4544 o
1.3.4  Western blotting # ) Klotho \FGF23 %& & & iA
BRI B T AL 20, i A 1 T 1 90 B o 1R
A1 5 550 ) RIPA 2 ff 9, VK b 50 o Wt 5 54 i, 4 C
B0 IR SR I BCA 81 e £ i) & 2R ik
JE o PR R EE 2R L FR LB 5 x SDS E A
%P IR AD W KA AS P 10 mine B8O g BRI
2% SDS-PAGE HLUK 73 85 ), /e B8 A TR AT A 2= I
5% WG AW = IR B 2 h)E L 4 A — Pt St
Klotho 22 SEFEHLMA (1:1 000 7 B ) L bt FGF23 £ 58
DL (101 000 7 B ) S BLHT GAPDH 1 58 B 40 44
(1:5 000 % F&) , 4 CHEF LK . K H H] PBST 2 nft
TP 3 YK, BE YR 10 min, BEJS T LLAM 5 SEARIE 1)
2T /AT B 1eG —HT (1: 15 000 7 B ) , % Tkt G

W H 90 min, FRRVERLS , f ] Odyssey CLx W% &
48 LM B R PR 7)) 46 8.5, L GAPDH
HWNZ K Image JHAT 0 Hr 25405 K BEAEL, TH5 4%
HAREE RO RE X ik

1.3.5 IR T E R A B ROR ( quantitative real—
time polymerase chain reaction, qRT—PCR) #& |
FGF23. Klotho, FGFR 1., FGFR4 . NaPi—2a & NaPi—2c
Fis K H TRIzol 1AM FF AL ZUh S2 IUEL RNA, Bl
J5 f# PrimeScript ™ RT iR F) &4 A cDNA. X
SYBR® Green Master Mix i, 7 & , %] Klotho . FGF23 .
FGFR1/4 NaPi-2a/2c } [N 22 GAPDH ) mRNA 3
ik PEAT E WM. qRT-PCR J2 i 4K % . SYBR®
Green Master Mix 5 wL, 1E M54 (10 wmol/L)0.5 nL,
F 1A 5187 (10 wmol/L) 0.5 L, cDNA #i4z 0.5 wL, JG
fiti 7k 3.5 wh s F2 I 5544 - 95 C S 7 30 s, 95 °CAF 1
55,60 CiB k30 s, 3k 40 A1 25 5 ¥ Ak il 26 B B
95 °C 155,60 °C 1 min, 95 °C 15 s. KA 28kt
BH MR B AR A &, DL GAPDH S NS 5L
A sSEse s 3. SR,

#£1 gRT-PCR3|4#
FEA] S1YEE(5'-3") K /bp
othe 1E[ : AACAACTTTCTTCTGCCCTATTTC 24
JZ 1] : TGAGCGGTCACTAAGCGAAT 20
FOF3 1E[ : ATCAGAGGATGCTGGCTCCGTAG 23
JZ 1] : TAGCCGTTCTCTAGCGTCCACTG 23
— 1E 1] : ACAGACAACACCAAACCAAAC 21
J%Z 1] : TTAATGCTCCCATACTCGTTCTC 23
— 1ET : CTAGACCTACCTCTCGATCCAC 22
JZ 1] : CGCATATTCCACAATCACATAC 22
_ 1EJA] : CCTCCTCGTCAAGATGCTCAACT 23
Nabi=2a JZ 1] : AACACGGAACTGCTCTGGACAAC 23
NaPioae EJA] : GTACTGCTGCCACTGGAGAATGC 23
S : TGGTGTTGCTGGTAATGCTGCTG 23
CAPDH 1ET8 : ACCACAGTCCATGCCATCAC 20
J216 : TCCACCACCCTGTTGCTGTA 20
1.3.6 WKL KFBHERELAREE  FHIT BMSCs

JE 75 38 1 43 W TGF-B1 8 2 Klotho 3 [R5 5% , ¥4 2
GV238-klotho—p—Luc ¢ Y 2 i 4 15 5 k7 (7 Klotho 3
BE T X ) . ¥ GV238—klotho—p—Luc %¢ Yt &
2 45 JURL AT pRL-TK ¥ ' %€ ' K i 9 2 UKL 50« 1
() i HLIR A, 18] Lipofectamine™ 3000 % 4 i 77 5%
Y HEK293T il rh o 24 6 h e, B 3% 95 5k .
S 432 - DGV238—Klotho—p—Luc+pRL-TK 4 : {2 %
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4736 &

Y JRORL, JCRR AN Ak L @TGF-B 1 4 - % Y ki )
AU E R 1 ng/pL 19 H 24H TGF-B1 2 34 24 h;
(BBMSCs T-Hildl : 7 Y Jooki J5 , AR EE S 1 ng/plL
() 5 2 TGF—B1 Ab 3, [ i 2% F Transwell JF 42 fih 3
Br SRR R EAT T W (BMSCs 45 F0 T R, % N 5 x
1044N/4L ), Fe 557 24 ho SRR i A6 XU K iR
a7 A I 2R G A A I 3 R 5 Ol 3Tl A iR
BRI DI EYOCR S HIE NS,
THE LK AU Y LA, 138 Klotho Ji7 3+ B AR X
FesimvE . PTA SR A 3K

1.3.7  Western blotting #& M| 3 £ 28 it ¢9 Klotho & &
Rk MR1.3.6 3 AR S A4, SR T RIPA 24

WL IS T, BCA i€ 15 , K H Western blotting
K Klotho & FH &3k (J77%[7 1.3.4) , UL GAPDH A N
SRR AL

1.4 FitEH*E

Kt 73 7 R GraphPad Prism 9.0 G831 414 11
ORI R £ AR iEE (xx ) Fom, LB 24
B, PRI LG e/ 2 PR 25 5 0 K 5 (LSD-1)
P<0.05 W25 A G E L.

2 R

BMSCs i 5/6 BV KR IEThEE R ERR
X HR 2 . 5/6 B V1) 43 20 F BMSCs 20 K B 24 h R
UL R =AM EE E KO R, & 2551
B, 2% ¥E G 2# 2 L (P<0.05) . S5XF R4
3,56 15 VIBRALAY 24 h JREE (A Ll LEF K R R A K
EFFE (P <0.05) , KRR (P <0.05) 5 5 5/6
B UIBR 2 L, BMSCs 4111 24 h JREE (A | L ILEF K2 bR
E A KR (P <0.05), HEHAKFETm(P<
0.05). W2,

2.1

x2 BAKXRBUERFEARIERILE (1=6,xts)
205 24 hJREEH/(g/24 h) ILILEF/(mol/L) JRZE A/ (mmol/L) F &/ (g/L)
Xt R 9.85 + 1.67 24.85 +3.57 5.93 +0.81 28.55 +0.39
5/6 B IRk 55.05 + 43.68" 59.28 +7.45" 10.25 +2.047 25.48 +0.4Y
BMSCs 4 18.87 + 1.88% 49.03 + 8.35% 6.93 £2.6% 27.77 +0.94%
F{E 5.336 40.790 7.940 38.230
PiE 0.020 0.000 0.004 0.000

5 O5XHRL EE, P <0.05; @5 5/6 B IR bk, P <0.05,

2.2 BMSCs M Z 5/6 'S VI K RSB 1§ & Bg R
R Z=EL

X B 20 | 5/6 BT B 2H Al BMSCs 41 A9 1L 75 B L
JOEL T P ol = A R A AR v R
PR E EKOE g, 2407 220007, 2 R A Gt
B X (P <0.05); %FBEZH | 5/6 B 115 2H F1 BMSCs 2H 4

M5 85 A, 22 55 RS X (P>0.05) . 55X
20 b H, 5/6 15 U0 B 4 A L 3E B L ROE B =
Pk AR %5 N 2R 11 IR (o o % 3 O R 1 O I K T
FHiE (P <0.05) 5 5 5/6 B UJBR2H b4, BMSCs 2H 4 1fiL.
TE B SR I R A R AR AR R L
% FE R AR 1 IR [ K BB AIR (P <0.05) . ILER 3.

#3 BAKXREBHREREIERREIEREE (126, mmol/L, x +5)
2157 I IS Sl JIE i Hih=mE VR P R AR P AL e I T e
xR 224+0.1 248+0.14 128 +0.11 0.54 £0.02 0.310.1 0.81+0.1
516 IR 4H 3.06 +0.24” 244 +0.04 234 +0.15Y 0.87 +0.14Y 1.66 +0.07" 1.38 +0.09”
BMSCs 4 242 £0.55% 2.51+0.03 1.7+041% 0.57 £0.16% 0.45 +0.08% 1.03 +0.23%
FAH 9.047 0.817 25.090 12.580 496.200 20.950
P 0.003 0.460 0.000 0.001 0.001 0.001

i Q55X AL, P <0.05;@5 5/6 B YIBR4L e, P <0.05.

2.3 BMSCs TiffniE FGF23 5 PTH 7k
Xt B8 4 . 5/6 15 U0 4 41 i BMSCs 41 A9 Il T

FGF23 . PTH /K H %, & 2001, Z 7 WE 51t
RN (P<0.05), S5XFHRAL 4, 5/6 "B VI 41 1) 1fiL
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1 FGF23 \PTH /K F T+ 5 (P <0.05) 5 5 5/6 B VI &4
Ik %%, BMSCs 41 9 I %5 FGF23 . PTH 7K F FE A% (P <
0.05)., W54,

x4 HAKXRIMBEFGF235PTHK L
(n=6, pg/mL, X+s)

payiitiil 1175.79 £291.74 396.62 + 50.59
516 B YRR 1914.88 + 437.74% 688.98 +231.4%
BMSCs 4 597.55 + 226.07% 47747 + 60.28%
F8 23.940 6.867
P8 0.000 0.008

H o QS IA &, P <0.05;5 5/6 BYIFRA &, P <
0.05,

2.4 BMSCs BB HARER:

JesE R, 5 XA g, 56 B YIBR 415 /N ER
PRI A, 2R M 0 A R 1 1 3 A L T &2, D
BRAE AL, | SRR Btk oA, B TR A i AR W
28 BMSCs T 15, bk B /Nekin 228 W] i 9 4% , Masson
VO CR TN SR N ST AR A T U i =[]
T AT AEAL R AR B 5 . BRI R, 5/6 B DI BRAL 2
i R R B A K, SR YR
BMSCs A7 ) , 2 20 i M S s ) 15 31 Bl B i, o
Tl AR s R FL PR A AR TN . DLk
45 R W], BMSCs AU fg el B Uifig , i BE MBS 2%
B Z W NER BB NS ] S R . LR 1

Xof it

1

2.5 BMSCs i#3#= FGF23/Klotho {5 & & & #8 £ B
HizEH
X WA 4

=

. 5/6 ' Y] B3 4 A1 BMSCs 4H 19 FGF23 .

5/6 B UIBRA
HE Ze 6 (bR 50 pum)

516 BYIBRA
Masson {8, (F5 X 50 pm)

5/6 B PIBRAL
BFRXRFELAER

BMSCs 41

Klotho 25 FAMI X A B FL 88, & 07 22001, 2 S ¥ F
Giil# i X (P <0.05) ; 5%F R4 LA, 5/6 B IRR4L )
FGF23 5 A X 26 38 18 155 (P <0.05) , Klotho £ 1 AH

.51 -
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i 36 %

X Fe ik B A (P <0.05) 5 5 5/6 B VIR 4H FL %2, BMSCs
2H B9 FGF23 25 FH AH X 36 38 1 [ I (P <0.05) , Klotho

FEHMXTFIAETE (P<0.05), WK2F#S,

X e 2R 506 ' UIBRLH BMSCs £

Klotho S S8 88 00 o0 &0 SR |\
CAPDH b G G G G e i i 37 kD
2 FHHEKREHALHFGF23 K Klotho EA KL

X IE AL | 5/6 & VI Bk 2 F1 BMSCs 41 19 FGF23 .
Klotho , FGFR1 . FGFR4 , NaPi—2a & NaPi—2c mRNA #H
XRBEIWB, &I 200, ZRA G E XL
(P<0.05); 5% B2 b, 576 B DIBR 41 1) FGF23 |
FGFR1.FGFR4 . NaPi-2a } NaPi-2c mRNA #f X} # ik
T #5 (P <0.05) , Klotho mRNA A X 2 ik # [ {1

*®6 HBHEAKREHLFGF23.Klotho.FGFR1.FGFR4.NaPi-2a.NaPi-2c mRNA {EX} RiA Z L

*5 L&EKXEFGF23.Klotho EEHEXM RILELLE

(n=6,x+s)
205 FGF23 &M Klotho & [
paiise| 0.12 £ 0.02 0.54 +0.03
516 ' UIER 0.33 +0.077 0.26 +0.027
BMSCs 21 0.16 + 0.03% 0.56 +0.07%
FE 34.150 48.280
PE 0.000 0.000

W OS5I LR P <0.05; @145 5/6 I UIBRAL L L P <
0.05,
(P<0.05) ;55 5/6 'F VI FR41 L5, BMSCs 41 # FGF23 |
FGFR1,FGFR4 . NaPi-2a J¢ NaPi-2c mRNA #f X} 3 ik
P& K (P <0.05) , Klotho mRNA #H % 5% 35 & T+ &5
(P<0.05), W36,

(n=6,x+s)

205 FGF23 Klotho FGFR1 FGFR4 NaPi-2a NaPi-2c
Xt R 1.09+0.22 1.09+0.17 0.88 +0.19 1.11 +0.43 1.07 £0.31 1£027
5/6 B HIBRAL 2.24+0.85" 0.48 0.2 1.85+0.73" 2.05 +0.68" 1.9 £0.477 2.59 +1.08"
BMSCs 4 0.72 +0.22% 0.91 +0.19% 0.6 +0.17% 0.65+0.21% 0.97 +0.32% 0.9 +0.33%
FAH 13.720 17.590 12.900 13.150 11.250 12.020
PAH 0.000 0.000 0.000 0.001 0.001

TE - D5 B L, P <0.05:5 5/6 BUIBRA LL#E, P <0.05,

2.6 BMSCs i 1T 138 Klotho B Fi& 1 LA H
FRi&

3 7 iR, GV238-Klotho—p—Luc+pRL-TK 41 .
TGF-B1 41 .BMSCs + 1 £ 41 i Klotho Ji3 3l - #H X 5%
SEAE PE B Klotho £ 1A XS 2R3k 1 LUHR , 4805 25 430 #T
22 A SR L (P <0.05) 55 GV238—Klotho—p—
Luc+pRL-TK £ FL % , TGF-B1 41 (19 4 }g Klotho J3 3l

R7 FHEMRRNEEEEFE Klotho EAHEXNRIEZE

Eb8 (vxs)
2151 )ﬁ;’i;{;ﬁ;ﬂt Klotho #5H
GV238—Klotho—p-Luc+pRL-TKZ  1.87£0.07  0.54+0.03
TGF-B141 131+0.11Y  026+0.02"Y
BMSCs T-HizH 1.83+0.15%  0.56 +0.07%
F1H 26.690 73.330
P1H 0.000 0.000

" . @15 GV238-Klotho—p-Luc+pRL-TK #H [t % , P <0.05;
@TGF-B1 41H4E, P <0.05,

FRH R B S 1 B Klotho 2K P AR X 263k BRI (P <
0.05) ; 5 TGF-B1 41 He % , BMSCs T 1 £H (19 Klotho i3
Bl T A R 5L S5 VE K Klotho 75 1 AH X 26 35 & T+ 5
(P<0.05). WK 3.

Klotho—p-luc + + e
pRT-TK 3 + +
TGF-B1 - + -

BMSCs = - +

Klotho 120 kD

B3 &AMF Klotho EARIE
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B FE T A0 R4S FGF23/Klotho filixt 5/6 ' DIBR A U #5343 5216

3 itit

o A LA 2 0 P R 0 R e R v R L Y
JERREZ — W CKD R B R L R G E
JE AL B F TS M S R, Klotho/FGF23 fill &
e A R 4 ) OC B B, AR BIRAS R L FGF23 5
FGFR1-Klotho Z K& & W45 4, hIA] 1, 25- —F2 4
A2 2R D3 HIR 55 J 0 3R R o P 0 D R T % 3 ok
0 R O L VR R A R D AR R LR
YIRS {0 AE I ] CKD By Bt , FGF23 7K - &
8B T R A e T A I i AR X — “FGF23
HEPL" MG, 5 Klotho 1Y FE I8 B 2 PIHH 5 . Klotho
YEN FCF23 15 51 S il 3L 22 4k, Jopsi /b 2 %
S B D RE R TE

AW FE L) 52 576 B U BR K R AL, AR AL R
GRS B I W L FGEF23 T i B 2H 2 Klotho 3R F
PR RE IR PR 2R % 5 I IR CKD i 3 i AR
EFL R R4, H Klotho A T 8 5 ThBEME 5 24
O B AT PR F e B HE A O 2 WE 5 L UF 52
BMSCs 7€ B 51 05 v (4 £ 37 45 A 4 38 5 CCl4 35
S FEPERY Gl 2 SIRT1/FOXO1 38 (1% 04 35 48 FR
B, DL 22 i IR 5 0 2o v L™ A
VAT AT 38 B9F 5% R &% B, BMSCss K 3k 8 1) A1 i 44 T
i 3 1 3R Klotho %iE 2% J5 kb1 B B /N BR AT 4k K B
(B A A 2 JR 9 AR SRR b ASHIE A i — 20
5%, BMSCs T 1 A] Wik 35 205 W D Ag , el e P A1 4L 2F
He Ak B 2 20 M 5, OF A A0S E m B IRE | &
FGF23 K4k & HH 55 7T .

4% F ML F 58 % B, BMSCs 3 i3 % &2 B I
Klotho % ik |, ii ¥ FGF23 My AR L2 M3 & TH v, IF
& NaPi-2a/2¢ % iz #5 11, DT 0l /0 il i e i . A
T FE RSP X 2 4 4 52 50 483 7%, BMSCs R f5 i
1 5% 43 I ¥ A% [] 42 36 5 Klotho i 8 1 1% 1, H5 Bt
TGF-B1 4 3 1Y 5 s il o 31X 42 /R BMSCs AJ G
i 4y W R E T R T 54 WA 1R miRNA, i BR
CKD 7% ¥4 5% 1 Klotho 1) 4101 il , Z & FGF23/Klotho %l
Y I 45 DI B o

A B, 56 B U R B Bl v S IR [
Pt H Il =R R AT T A e T e v
JUES AR 1 DL ] P 7 P S 8 4 i B 3 2 ELARAE .
(EL A5 T B A R O v 2 P A P R v 0T AR AR
Pk kAR T S CKD s BEOR A A9 2 K D g

Vo R B 08 PR ST TS 5 I UE ApoA—T 4 Ji Y
T LA AR L [ P 30 ) B i (] R Zh RE S A 2 S B
oy PR IR A 1 BORE TS BR R0, B 2SR B M MLV e
JE NG # P R K SP- T fmg  (HHC A DR A LA
TP I RE E 92532 461, BMSCs 1 7 AT i 35 [ 1K
R A IR R A B A e S R A L I A fml
7%, B FLa 5 55 o T A8 R 1 R A B ST I
IO 4 BT i A A PR 2R84 22 g A 10,
ARAIIE T CKD AR S B AR B A 2 AL b s 5 B i 2
HIIBERE TS .

Klotho 1 Jy £ L (4 471 38 2 8 H 5 B E & 7
5, MK A CKD B ENIT R T R, BRI S
o 73 3 R ot R AR SR T AR R R T TR SE
e it (] 72 o+ 4 L R T Klotho %35 , J& CKD iR
7R TR AEA RIS 2 AT kit —
TSR U R AR 48 78 T BMSCs i i i
Klotho & 1% 1] 42 FGF23-Klotho %l (1) /E HI i 15 . 4A i
AW FATIAAAE— T R BRAE : o, AR SR 7R B i AR W]
i BMSCs 78 K UM PN A9 E AR 5 20 A AL, TC ik
HE— 20 B WTH R P AR B R e s L Bz
Klotho FE [A] i B K BB B, R E B 4% %6 1iE BMSCs 1Y
B E DR3P 200 5 Klotho 35 2Z [A] B PSR 5C 2%, 1 R
¥ W1 BMSCs JH4% Klotho ik Y B AR FHLA 5155
0 g, ARG HE > THLRIAT 5 R Sep e IR AR R

Zi Lk A BESE 48 8 T BMSCs il i E i
Klotho T i FGF23/Klotho %l , AT 24 7 CKD B AU 3
AL B B A S BB BILAR o X O B A CKD-MBD
(9 Ze LA B8 TR P A L o BT BMSCs 9 CKD
FLIYA ST AW TE S AR AL T Sk
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