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[MZE] Br WA K= 5F (growth hormone deficiency, GHD) i JL & 8 2 A\ 4= K # % (recombinant
human growth hormone, rhGH) &7 R J5 Il & Klotho 5 B &F 4k 4 Jifl K+ 23 (fibroblast growth factor 23, FGF23) /K
AR, T ## rhGH 697 % GHD & LA K &K (growth hormone, GH) — it & Z # 4 K A F 1 (insulin-like
growth factor-1,IGF-1 %l 55 Klotho . FGF23 /K (0 , 23§ Klotho \FGF23 55 GH-IGF-1 Bz [l (M EAEH .
% I GHD L 30 6,44 3 thGH 3897 . 43 5 IE Y7 1T 5 Klotho JFGF23 IGF-1 7K -, [R] B 44 A [ A 1F % &
fenfE R JLFE 26 4F O 1 X IR AL AT EL AT . R GHD 4117 1GF-1.Klotho . FGF23 7K -4 8 & i F 15 %
SRR, 22 A G L (P <<0. 05) 3897 R, I3 Klotho 5 FGF23,IGF-1, @2 £ #4 2 IF M & (r=0. 875, P<<
0.00137=0.773,P<C0.001; r=0.633, P<(0.001), Il i§ FGF23 45 IGF-1.B MR ¥ £ IEH % (r=0.742, P<
0.001;7=0.547,P<C0.05), 3 H IGF-1 58§ R 4k & IE M 3¢ (r=0. 453, P<C0.05), £ rhGH JA¥7 )5 Il ¥ Klotho,
FGF23 KW A . 2 R A S8 L YP<<0. 05, Bt 22 515 IGF-1 KFAEiRI7 fEIn 2 A, 2=
SAGITFE L (P<<0.05), EIRITIEE 3.6.9 4 I Klotho 5 FGF23 ¥ £ 1E A & (43 3l r=0. 414, P<
0.05;r=0.421,P<C0. 05;r=0. 441, P<C0. 05) . A7 B2 3.6.9 M H L Klotho 5 IGF-1 ¥ 5 IEAH 3 (55 Jyr=
0.476,P<0.05;r=0.573,P<C0.001;r=0.694,P<C0. 001), . 1 FGF23 5 IGF-1 fEI8J7 B4 3.6.9 N H & IE
A 3B r=0. 667, P<C0.001;7=0.766,P<C0.001;r=0.715,P<C0.001), %it Klotho 5 FGF23 & 587
GHD #IJLWAERK LT, B HIME K¥E% thGH 520 . Klotho 5 FGF23 W fE7E GH-IGF-1 itttk K Kk FH &

H—ElEH .
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Changes and significance of serum Klotho and FGF23 levels in children with growth hormone
deficiency before and after recombinant human growth hormone treatment
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[Abstract] Objective To observe the dynamic changes in serum Klotho and fibroblast
growth factor 23 (FGF23) levels in children with growth hormone deficiency (GHD) before and
after recombinant human growth hormone (rhGH) treatment, to investigate the effects of rhGH

treatment on growth hormone (GH)-insulin-like grow factor-1 (IGF-1), Klotho and FGF23 in
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children with GHD, and to analyze the interaction between Klotho, FGF23 and GH-IGF-1 axis.
Methods A total of 30 children diagnosed with GHD were selected to receive rhGH treatment,
and another 26 healthy children with normal height in the same period were selected as the
control group. The levels of Klotho, FGF23 and IGF-1 before and after treatment were measured
The serum levels of IGF-1, Klotho and FGF23 in the GHD group were

significantly lower than those in the normal control group, showing significant difference (P <<

and compared. Results

0.05). Before treatment, serum Klotho was positively correlated with FGF23, IGF-1 and
phosphate(+=0. 875, P<{0.001; »r=0.773, P<{0.001; r=0.633, P<{0.001), serum FGF23
was positively correlated with IGF-1 and phosphate (r=10.742, P<T0.001; »=0.547, P<<
0.05), and IGF-1 was positively correlated with phosphate (r=0.453, P<0.05). The serum
levels of Klotho and FGF23 in the GHD group showed an upward trend after thGH treatment,
showing significant difference (both P<C0.05), and height standard deviation and serum IGF-1
levels showed an upward trend after treatment, showing significant difference (P<C0. 05). Serum
Klotho and FGF23 were positively correlated at the 3, 6, and 9 months after treatment (r=
0.414, P<<0.05; r=0.421, P<<0.05; r=0.441, P<0.05, respectively), and serum Klotho
and IGF-1 were positively correlated at the 3, 6, and 9 months after treatment (r=0.476, P<<
0.05; r=0.573, P<<0.001; r=0.694, P<0.001). In addition, serum FGF23 and IGF-1 were
positively correlated at the 3, 6, and 9 months after treatment (+=0. 667, P<C0.001; r=0. 766,
P<C0.001; »=0.715, P<<0.001). Conclusion Klotho and FGF23 are involved in regulating the
growth and development of children with GHD, and their serum levels are affected by rhGH.
Klotho and FGF23 may play a role in promoting growth and development of GH-IGF-1 axis.
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Klotho J& —Fp 45 5 2 W B K, i H A% F AE
Sz BoRM L Klotho 5 K B BE /N BUEE 4 F %
BRI B W R, FIFEAE B = 2R 4t
ML E 7 23 (fibroblast growth factor 23, FGF23)
LR/ B i L B 2K L R B FGF23
L D= R i oA 1 B /SN SR 1 A
Z W Klotho & H. FGF23 5 4 K % £ (growth
hormone,GH) — Ji & & # /£ K K F (insulin-like
growth factor, IGF)-1 #h [a] H. & # & 1 H.
Klotho .FGF23 5§ & 1 7 /INIE B P 2L 2 K
A—E REE, AW o bR A KR B2
(growth hormone deficiency, GHD) H JL 4% 3% & 41
AN K % (recombinant human growth hormone,
rhGH) A7 I K IAIT I 3.6.9 4~ H I iE h Klotho,
FGF23.IGF-1 B/K-FA24E . § 70 2 BT rhGH X
GHD #® LI Klotho FGF23 By 54m .

1 A 5 F &%

1.1 — &R $E 2021 4E 3 H—2022 4 8 Ak
T dtE AR ERILE R, 2031 A5 S i
YNRAS A A VI E Bl e R R E Ae L
R R I 22 8 GHD W)L 2 CRL3E 340 PR 4R K

R 20 R ot AR KR =) 4k 30 6 (5
18 B, etk 12 8D . fin A L #:52 rhGH R Y7 I
BEVIZE 9 A . FEA RS2 Fhdbs AR E
Bt JL 38 {4 fek B AT O il A 0K 19 IE 5 B R f B L 3 3t
26 /E A IE # X BRAL (5 1k 13 B, Lotk 13 B, 2
AW FER.EEM MY EZES LG IT¥E X
(P>0.05) , HAA .
1.2 IRIRBERICE R A AHE 42 5],
R B RESEAER EEN AR AR ERK
= I NG NS RS L T VNS S U 7 S VD
FHZ5 s, 1 2000 it L AL BE B &y Kk ) 7 B &
B XA 2R AT 2 WS R IR O
P {EIE SR IFTH R 48 4 (body mass index,
BMD ., %A ZH 320 SE 17 4 RS A, X R
Wk B RSARIE 2022 4 i PEPE R 2G2S W 56 9T
LRI IAT A IR B A LT AE KR
W AR I AT 22 T IE AL #A45%  BH Greulich &
Pyle B35 E SE 47T 5 W PP AL . 78 B B 4 2 K EM 7
HE R A0 2 K WO 45, O 5 3 T (A% 1 L W TR
BREE W RIETERA MR AE 4

B i A LB HACRE Y B 4 38 AU R & 15 %
S O eI N R B R AR AR B L s
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1.3 FDF R FEEW s R GHD 445 H b FT 52
BCREES rhGHL BN 0.10~0.20 U « kg '
d' o WEIIFIE 3 GHD 40R97 B KR dr s 3 M.
6 9 AT B S AR BMI, 15 B bR o 22
(height standard deviation score, HtSDS) . {4 5 #x
#E 2% (weight standard deviation score, WtSDS) , {4
Ji 48 BUFR E 22 (body mass index standard deviation
score, BMISDS) . [d] ¥ 8 B it 7§ I & IGF-1,
Klotho FGF23 FI R £k ik & .
1.4 Rl 5k Rl & s IGEF-1 69 I & Sk
RN F 7 Ml 26 9y B2 2 TR ey A PR W) A 7= 1 4
F 3k 2 6 e A B i 3R] &, i Al 2 Ol e g
ST SE . LT Klotho K FGF23 By & ¥ % H
WA A e 0 Tl Bk e RE W B 52 5 (enzyme-linked
immunosorbent assay, ELISA) , 1t 5 W IE {4 %)
BHE A R A A NI Klotho 35 £ . i a4
Y TRARA A AN ME FGF23 il & .
i B i U] A3 2D TR AT SRR A
x1
Table 1

15 Siit2edrik N SPSS 25.0 Siit ki AT
BRI . FF A IR A 1 T TR H AR FH Ak ST
FEAS ¢ K30 B PRV 5 22 43 Br fil SNK-¢ K 505 4 1E
A3 A 0T OB LG R T A T AR A B IR 555 3
BBl B R X K. K5 7 FGE23.
Klotho 5 HABFE AR Z [ 19 5¢ &, B AT A IE S5
A7 B 2R H Pearson #H 2 HE 70 A, M4 — 5 JE B3
S A B SR A Spearman AHCPE 43 #r. P<Z0.05
ZRAGITFE L,

4

A

2 S

2.1 GHD 45 1E & Xf B4 i # IGF-1.Klotho,
FGF23 /K5Il KBRS Hr - GHD 43697 1 M F
i IGF-1.Klotho \FGF23 /K34 B 8 A% T 1E # X 8
4, HtSDS 5 WtSDS 7R B B A%+ 1E 5 X i 4l , 22 5%
HEit2E L (P<<0.05), 2 416 BMISDS, 4 # |
PR R E R, ZF XGITEE X (P>
0.05)., W#%E1,

GHD 4 5 IE & Xt R A M & F 1545 5 e K 3% 8 5 47

Analysis of serological indicators and clinical data between the GHD group and the normal control group

JeNT— T "
i3 8 - M({%ﬂoﬁﬁ FRIMQR). % ] %%iﬁ?iﬁ; ﬁﬁﬁ(fﬁ:ﬁ%gﬁ HiSDSCr - 5
GHD 4 30 18 12 9.17(3.84) 19 11 —2.464+0.35
E 8 X B 4H 26 13 13 8.96(4.57) 14 12 —0.78+1.65
X2/ Z/t 18 0.564 1.003 0.518 5.767
P 0.453 0.320 0.142 <20.001
W1SDS BMISDS IGF-1 Klotho FGF23
4159 %
[M(QR)] [M(QR)] (x £s,nmol/L) [M(QR) ,ng/L] [M(QR) ,ng/L]
GHD 4 30 —1.35(0.87) —0.38(1.75) 206.87+115.38 1297.09(418.65) 26.23(9.65)
TE % R4 26 —0.86(2.59) —0.15(1.70) 305.21477.82 1 972.25(355.31) 38.58(18.53)
X2/ 7/t i 2.448 0.854 3.647 6.062 5.750
P H 0.014 0.393 <0.001 <<0.001 <£0.001

2.2 GHD @HiGI7 il E A K SEOE =16 hn 22 4k
GHD 4 £ rhGH /Y7 J5 - HtSDS 2 B 838 4
K. ZRA 5028 X (¥ P<0.05); WtSDS £ if
JTHIRT 6 M H B2 KB, 2R AR #E LY
P<<0.05) .89 e 6 ™~ H 5B E 9 S H ML
WiSDS 28 TR, 2R G55 X (P<
0. 05) s 7EZA B 5% 36 B3 (936 97 B ] N BMISDS 4 F%
I B AR 2SR YT I H] 25 2 ) (9 28 4k 22 5 R G 112
B (¥ P>>0.05); thGH YA JT7 )5 I35 H IGF-1 /K
TR 2R A SR R (P <C0. 05) , TEH]
W E R, 58T %, MiEH Klotho,
FGF23 K ¥4t rhGHRITE & LI # . 2 R%4A
GiitE B L (BP<<0.05), W 2,
2.3 GHD 43R 97 15 ML 7 2% 385 A5 A 26 v 40 b
GHD #4147 B L7 Klotho 5 FGF23 & i & 1F

A (r=0.875,P<C0.001) ,Klotho 5 IGF-1.®§ 2
R IEAME (9 R r=0.773, P<<0.001; r=
0.633,P<C0.001),FGF23 5 IGF-1.Bi R £ &2 1E 41
F (O3 R r=0.742, P<<0.001; r= 0. 547, P<<
0.05),IGF-1 5 @ 2 4§ 2 IE #H & (r=10. 453, P<<
0.05), WHE 1,

rhGH 697 3.6.9 ™ H J5, L& Klotho 5
FGF23 ¥ 5 F A0 6 (40 5%l R r=0. 414, P<0.05;
r=20.421, P<<0.05; r=0.441, P<0.05), Il ¥4
Klotho 5 IGF-1 ¥ & 1F 41 % (43 9 S r= 0. 476,
P<C0.05; r=0.573, P<C0.001; r=0.694, P<<
0.001), 1ML FGF23 5 IGF-1 ¥ 5 1E A0 ¢ (43 51 Ky
r=0.667, P<<0.001; r=0.766, P<<0.001; r=
0.715,P<C0.001), WL 2~4,
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Table 2 Changes in growth parameters and serological indicators in GHD group before and after treatment

(n=30)
e HtSDS WtSDS BMISDS IGF-1 Klotho FGF23
A |H,
(x+5) [M(QR) ] [M(QR)] (x +s,nmol/L) [M(QR) ,ng/L] [M(QR) ,ng/L]
BT —2.46%0.35 —1.350.87) —0.38(1.75) 206.87+115.38 1297.09(418.65) 26.23(9.65)
BT 34 H —2.2740.43" —1.19¢1.24) " 0.34(1.71) 374.26+154.52" 2 528.81(877.58) " 35.32(10.5) "
HIT 6 A H —2.08+0.50" % 1.01(2.22) * # 0.28(1.84) 454.87+179.49*% 3 100.49(927.25) "%  43.76(12.88) *
WHIT 9N H —1.9440.56* %4 —1.22(1.60)2 —0.34(1.78) 478.321180.14* £ 3 167.03(791.08) * #£&  48.39(12.89) * #4
F/Z {4 62.011 22.629 2.398 87.583 238.261 127.861
P14 <<0.001 <0.001 0.085 <0.001 <20.001 <0.001
* P fH<C0.05 5IYTATLLEL  # P fH<<0.05 H5I897 3 A AP H<C0.05 5697 6 7 L (SNK-q 46 56 55 Bk F 6 560
2 500 r=0. 857 2 500 2 {1 2 500 r=0.633
P<0.001 P<0. 001 S P<0.001
3 2 000 . 3 2 000 & 2 000
= ° = £
£ 3 £ o
- 1 500 o e S 1500 £ 1500
g 1000 z o
= Z 1000 1 000
0 1 1 1 1 1 500 1 1 1 1 ] 500 1 | 1
15 20 25 30 35 40 0 100 200 300 400 500 1.4 1.6 .8 2.0 2.2
FGF23 (ng/L) IGF-1 (nmol/L) IR EE (mmol/L)
=0. 742 r=0. 547 =
50 = r=0. 453
P<0.001 0 . P<0.05 ~ 0 e P<0.05
~ 40 ~ = 400
— — o
ER ER LR
- o T 200
o 20 g % S
= = = 100
10 1 1 1 1 1 10 1 1 1 1 0 1 1 1 ]
0 100 200 300 400 500 .4 1.6 1.8 20 2.2 1.4 1.6 1.8 20 22
IGF-1 (nmol/L) EREE (mmol/L) R E: (mmol/L)

1 GHD @Hi&fr Rl M iE F g E X ST

Figure 1 Correlation analysis of serological indicators in children with GHD before treatment

4 000 r=0. 414 4 000 r=0. 476
P<0.05 P<0.05 60
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~ = 50
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B 2 GHD 4i&47 3 N AR Mm% Klotho ,FGF23.IGF-1 #H X 14 #7
Figure 2 Correlation analysis of serum Klotho, FGF-23, and IGF-1 levels in the GHD group at 3 months after treatment

5 000 r=0. 421 5 000 r=0.573 80r r=0. 766
P<0.05 P<0.001 P<0.001
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3 40F
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3 GHD #3447 6 ™ AR ILE Klotho FGF23.IGF-1 48 3% 14 5 #7
Figure 3 Correlation analysis of serum Klotho, FGF-23, and IGF-1 levels in the GHD Group at 6 months after treatment
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r=0. 441
5 000 P<0. 05 5 000
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Figure 4 Correlation analysis of serum Klotho, FGF-23, and IGF-1 levels in the GHD group at 9 months after treatment

AN

3 i it

22U FPILEM LA K E2H GH-IGF-1 il
NG, IGF-1 M EEAMIERRZRTELSHEE
e [ B a2 R AR AR 40 B 43 1 R 8 B L DA 2
AR EE . thGH IGYF Al Ll IGF-1 /K, Wi 52
AR B iKY, AR#ESE BoR GHD &L i i
IGF-1 /K B K T 1E % 4 B4l &0d vhGH R YT
J& B K IGF-1 K28 & b3t i B A2 697 91
U A i .

Klotho 3 [K 4 ith — R 25 i 50 j55 26 (. W] L) gk V)
E B AR — R IR R BN, 2 5 KR
TS ST Y FEACH. Klotho 3 578 ¥ JIE Y
37 Y /0N R R G ik 2 PN v 3G TR AR B e R TR
FHCRR 55 B L 05 I 1 5 UL L 8 L R R R0 45 i v B
DR FIRN L WE g R, Klotho 3 PR R BG AY /)N B
e 3~4 ARG S B2 M E R R RIE B RA L FEAE
KRG B B b S IR E R 2 A A R i 38
T-. Shahmoon %" ) /N B A4 P9 43 51 1 8 Klotho,
IGF-1.Klotho B4 IGF-1, ki &5 4 I/ AR N GH
KL R Klotho o] _E#/NRAE N GH K3, 4K
REAF B 3, it 2% 3% %5 IF H W /R Klotho W #f4>
W IGF-1 %5 GH 20 Wb iy 0 il /6, il GH 7K
BT KN BRUE B 5 Klotho 23 35 i/ B
JFREH IGF-1 #il IGFBP3 ) mRNA /K F2, 1
Klotho J& GH 4r W 9 1E [n] 45 3% & . db 4, oF
e B M B AT 4E 40 i BT (basic fibroblast
factor, bFGF) AT LI 3 GH 894 2 , [8] B 76 /) B AY
TR YR 0 Klotho 5% bFGF 1 i 7% 40 it 4h # 5 &
F % B (extracellular regulated protein kinases,
ERK) (1) fiff B 2 ¥ . 1M bFGF 7] # 58 Klotho [ fi
GH 4v W 1E . A& % W /x. GHD & JL Il i
Klotho FGF23 7K *F & 2 I F 1E % X B4, [ if
Klotho 5 IGF-1 £ 1EAH ¢, #£/8 Klotho 5 FGF23
£ GHD JLE R W W& AR T EHE —E/EH.
Wolf & B 58 W 7w, 2% B GHD L) Klotho

K FEAM T A KM E R L (growth hormone
stimulation, GHS) #l #F & ¥£ & K ¥ & 8t = 4
(idiopathic growth hormone deficiency, IGHD) H
JL. 7 H Klotho 7K 5 IGF-1 B£IEM X, A5
AWM rhGH 697 )5 6 A H W GHD B L I 7
Klotho IGF-1 7K-F 3 52 8l I 7 ¥ %, H Klotho 5
IGF-1 2 IEM K. #2% rhGH Al ¢ 3k IGF-1 143
W, [ I 4R 5 1 7 Klotho 7K 3F ., Klotho T J2
1 E R R L R K TR — 5.

H #7280 Klotho W S — i & 14 14 il Bl A2 14
5 FGF23 454 . FGF23 J& i & 40 g 7= 48 3E 4 T
L B — b i 25 AR T 7 T 5 SO R EORR e
A EEAE R TR NS S S kR A . o
HE ik N FGF23 8 il FGF23 %4 5L R /N L] [k
S ) B TR AR M PR VBHE T T & 2B ICRE Il E L i FGEF23
5 PRz 5% /0N B E O T Tk 1 R 1) T RSO i
JR Ay L RES Y RSN R WYL FGF23 W] g
KRS BRSNS A e i R BT 2 5 AR
Hndfk5 44 5 FGFR M4 &, H ¢ it 5
Klotho #H%45 4, 76 B A B ol #i bk FGF23 &K B /)
B S LA AR WS M FGF23 5, 175 B AR £h K
W REAK, T Klotho B B (9 /0 BB
FGF23/Klotho XU P R 5% 1 /s B b T 5 HAT AR )
TG PR FGEF23 28 11 X I 5 9 B2 £k 7K ~F- 3% A AT T 9]
) sZ w5y 1 B AR R A bR FGEF23 SE A
(/N BLER A 235 I PE Klotho, DL | 52 56 45 F4iF B
T Klotho 7E FGF23 i F W B R Eh R 84 v vh & b
AT/ H TR B U B T T3 22 A A AR AR DGR
A5 GHD BIL&E KM ERIT 3.6.9 ™A
J& ,FGF23 KV T, JF H 2 & TR 7 K
L, X 5 Gardner U g% 45 R AR 6 B
Efthymiadou Z" W5t £ W, &3 hGH GI7 )5
I35 B R A5 /K SF- 1) - TR B B FGF23 9T .
AHESE R BEGIE 52 GHD LR P9 I3 B iR 2 5
FGF23 S 1EH 56, IF H Klotho 1 5 #f 2 +h & 1F 4H
X, 5 Gkentzi ™ W55 R — 8, Wik W T
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2 AR R R T TR AR MR B 2 AE UL Klotho JFGF23 K28 1k K 3 X

Klotho .FGF23 n] figil o 94 15 g i sk At 2 5 )L
HOE RN BRI e L L AR K, A S
' GHD £ JL £ rhGH 697 J5 Il Klotho 5 FGF23
AW T, I8 B A 97 AT JS Klotho 5 FGF23
IR IEA G, i — Uk SC AN R GH Al E i GHD
FBILIA W Klotho FGF23 /K, 3F H — % [ B A B
W fE F, (H AN WP GH 2 il o i ok 42 52
Klotho FGF23 (/K . Klotho . FGF23 J2& 4 faf i 4
HERKEFH A R — 5.
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