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[(BE] BE BT REERUK (ghrelin) FAFIERIAPIREIK-2 (liver-expressed antimicrobial peptide-2,
LEAP-2) TEYR &R # (idiopathic short stature, ISS) LR B RIR K, At — 25 D RR /INE i 9 PR AL
SR, ik ATBEPEREEC 2021 4F 12 H—2023 4F 10 A T4 i F R4 58— 8 EEBE k2 19 46 B 1SS 2L (1SS
ZH ) FE I 1 46 BHE R LEEME R BFTE X4 (RHIRAL) , LA M2l L 3E — B 06k 2 I ghrelin, LEAP-2 335
K, I8 HZ I B BAEARE I ZR (receiver operating characteristic curve, ROC M) PENMPRFEFRAE 1SS B LA 1Y
M. G55 ISSALIMIY ghrelin KV TRHRZA, LEAP-2MX T-X M4, LEAP-2/ghrelin L{EAE TR IRZ, 25
SR GEE L (P<0.05) . ZH F logistic MIHAHT TR, HISDS, BEE HFEEKH T-1. ghrelin, LEAP-2,
LEAP-2/ghrelin FLH 5 1SS A9 & A= ST DG (P<0.05) . ROC BHZR /M7 s, ghrelin, LEAP-2, ghrelin/LEAP-2 Ml
K = F WA 5 1SS 9 AUC 241>0.8; ghrelin, LEAP-2, LEAP-2/ghrelin HC {8 1 55 A3 8 T 18 43 51 2 5 607 pe/mlL.
1155 pg/mL, 0.212, 1SS 8L ghrelin 5392 PR4E 0 . LEAP-2, LEAP-2/ghrelin LA 2 6 (P<0.05), 54Kk
FAERKMEGEEZEIEHE (P<0.05); LEAP2 S5 KHHR | A KIETEIEE . shrelin 27HI5E (P<0.05), 535
FRAFHS . LEAP-2/ghrelin HU(E S IEMISE (P<0.05). 4518 ghrelin, LEAP-251SS &/ HH5G, WK 1SS LIS W
TS PR g TR e AT [hELHEILRIZE, 2024, 26 (12): 1261-1266]
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Correlation between serum ghrelin and liver-expressed antimicrobial peptide-2 with
idiopathic short stature in children

LIU Qing, ZHANG Wei-Chun, CHEN Bo, SONG Ya-Wen. Department of Pediatrics, First Affiliated Hospital of Shihezi
University, Shihezi, Xinjiang 832008, China (Chen B, Email: 58432141(@qq.com)

Abstract: Objective To investigate the expression levels of ghrelin and liver-expressed antimicrobial peptide-2
(LEAP-2) in children with idiopathic short stature (ISS) to provide reference for further understanding the etiology of short
stature. Methods A prospective study was conducted from December 2021 to October 2023, involving 46 children
diagnosed with ISS (ISS group) and 46 healthy children with normal height (control group) at the First Affiliated Hospital
of Shihezi University. General data and serum levels of ghrelin and LEAP-2 were compared between the two groups. The
predictive value of these two indicators for ISS was evaluated using receiver operating characteristic (ROC) curve analysis.
Results The serum level of ghrelin in the ISS group was higher than that in the control group, while the level of LEAP-2
was lower (P<0.05). The ratio of LEAP-2 to ghrelin was lower in the ISS group compared to the control group (P<0.05).
Multivariate logistic regression analysis showed that HtSDS, IGF-1, ghrelin, LEAP-2, and the ratio of LEAP-2/ghrelin were
independently associated with the occurrence of ISS (P<0.05). ROC curve analysis indicated that the AUCs for ghrelin,
LEAP-2, the ratio of ghrelin to LEAP-2, and their combination in predicting ISS were all >0.8. The optimal cutoff values
for ghrelin, LEAP-2, and the LEAP-2/ghrelin ratio were 5 607 pg/mL, 1 155 pg/mL, and 0.212, respectively. In children
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with ISS, ghrelin showed a negative correlation with chronological age, LEAP-2, and the LEAP-2/ghrelin ratio (P<0.05),
while it was positively correlated with growth rate and peak growth hormone levels (P<0.05). LEAP-2 was negatively

correlated with growth rate, peak growth hormone levels, and ghrelin (P<0.05), but positively correlated with

chronological age and the LEAP-2/ghrelin ratio (P<0.05). Conclusions

Ghrelin and LEAP-2 are correlated with the

occurrence of ISS, which may provide references for the diagnosis and etiological analysis of children with ISS.
[Chinese Journal of Contemporary Pediatrics, 2024, 26(12): 1261-1266]
Key words: Idiopathic short stature; Ghrelin; Liver-expressed antimicrobial peptide-2; Growth hormone

secretagogue receptor; Child

JUFIR/INIE S/ NLIN 73 I RHR H IR 2 —
R WT SRS s, L R /INIE R R R
32% ", ZRATUHRN LIS EBE R, Hrb
YR PERE B (idiopathic short stature, 1SS) £ UL,
B ISS i &L v R g 2, 27 #IA NS
BN R | B EREE . EIRAN R . N
WEGFL MO SRR SEALCY ., ERKER
(growth hormone, GH) /b fEh ZiE LM E | &
H . AR FAE s, AR R A KR B
Tk ghrelin 1T B 22 35 $T F K -2 (liver—expressed
antimicrobial peptide-2, LEAP-2) ¥/EHTAKEE
& 7 Wb & 52 K 1a  (growth hormone secretagogue
receptor 1a, GHS-R1a) KPR GH A . &
W ASFEAEI R . REMEYHEBSE
ghrelin F1 LEAP-2 (AL 22540 . AE BRIDRESEAS T K
=Y, HI24 M1k, ghrelin 78 1SS & )L BT )
TERSAEAESL, LEAP-27E 1SS (B LA 3R AK
- R A AR R B R T R A A i R 5E 4
WA, PRI, AHIESY B 7R LS 1SS i LRI ghrelin
M LEAP-2 KKK, #E— 2B ghrelin F1 LEAP-2
FEISS LA KA BB A B e, A BTk
— NI ISS YRR I, il PRIGY T 1SS H 5B J7
2T RERY IS HE 2

1 #ZRSAFE

1.1 HRIFH

FTBETEERL 2021 4F 12 H—2023 4F 10 A 77 1
A — e B2 B LRHIZ 19 3~10 2 55 6 1SS 12 W
() JLEE 46 B, FFEELERIIFZBe LR 122 1Y
AR PR DG FE A LE B v ) 46 1 filt B AR )L 3
VE RS IR L o AR ST 40 10 1 K2 20 — B 15 e
BIZE B2l (KJX2022-040-01), HIHREE
JE R BRI E

1SS LA AFRAE . (1) B @ I8 F [FAR#S
[P ) E L EE P25 B = 55 3 E A Beki-2 SD;
(2) HAERBK ., (RELFFE IR LI IE

(3) HEBR 7 HAB N -5 . G AR ST0 | Bk
REAR . BEFRMEER S HAL S 2 S b/ Y I
s (4) HHEMEDLE (3~10%); (5) KaER-
ZEle Z LIRS R GHIXE , GH IE{EH >10 pg/L;
(6) 283k MRISFHS A B A b 4 e

HEBRARE: (1) FBAT HAl 5 | I /NAE R P
Wk R Q@R (U0 Turner ZEA1ESF % )
BALASENRE (INF 20 . Se R A 55 ) |
FR B ohaeGR | Je KM ERS . Noonan ZES1IE
Prader-Willi Z5 & 1E . B 5B EKE A 25
(2) HAbCF R ade . s &N o
WAPBEIRAG o
1.2 —RRARE

W AE 1SS A AR BRZH ) BELR WOk}, A4 1001 |
S o A S (chronological age, CA) . ‘B (bone
age, BA; KHE G-P EIETEAL ) . B (hight, Ht) |
RHE (weight, Wt) . (K EF5 20 (body mass index,
BMI) (BMI=f{k /& &°) . A K # % (growth
velocity, GV) . & & b5 E 22 F1 4> (height standard
deviation score, HISDS) . ‘& & B Z & (BA/CA [t
i) . BEEREFERKKTF-1 (insulin-like growth
factor-1, IGF-1) . 25-%24E/EZE D [25-(OH)D] %,
1.3 I ghrelin #1 LEAP-2 7k F g9 4&

PIHILEZSE 8~12h )5, T L4 9 s HIREs
T EDTA i G K I 4 mL & A BOHLN, %
2 528 v/min AR JE B0 15 min WH R0, & T
-80°CYKFETIRAF, IRl —Hbialn &, SRITIEGIK f
PESMTIE K 1fiL 75 ghrelin A1 LEAP-2 7K F-, FLA$:
VD B R & i B 5 04T, a0 & el iU AR
AW TAA R v 4t
1.4 SGitZE5H

K I SPSS 25.0 Bt 4T Geit 22 o0 . i+
PERF2E Shapiro-Wilk 1IE SRR, 56 IR0,
KHBME < b2z (F+s) Fon, dREHECR
PIFEA R 50 o TR DMBIECR A 3% (%) &
N, B HECR RIS . R Z R logistic
6] 9 43 B 45T 1L ghrelin F1 LEAP-2 7K - 5 1SS 1Y
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KFR . RMZAERAEFIEMZL (receiver 2 58
operating characteristic curve, ROC [t1£8) 23 #r T4
1ML 7% ghrelin A1 LEAP-2 ZKF-XF 1SS i Fi &g 4 2.1 —MR&E#

7R b [8] (R AH 5 P 43 B K FH Pearson K556 . P<0.05 2l 5% B4 AH b, 1SS 41 BA. BA/CA Lb1H .
E R G FE L, HiSDS. GV. IGF-1., 25-(OH)D /K F-HAE (P<0.05);

PHLHAESS . 9], He. Wi, BMIf R ZE RIS
= (P>0.05). WE#E1L

F1 ISSHEERAIGK AR LE

T [n(%)] CA BA BA/CA Ht Wt BMI GV IGF-1 23
25 g e ([F¥Es  (FEs HeAE x+s, (*s, (xxs, I(-I;SiDS) ks, (E=*s, E)(E)I:—tl)s
B 5s %) %) (x=£s) cm) kg) kg/cm’) em/4F)  ng/l) ol /]:)

XL 46 25(54)  21(46) 72+1.8 7.1+1.8 1.00+0.07 12310 214 135+1.6 0.23+0.56 5.6+0.8 25761 8416
ISSEH 46 24(52) 22(48) 7.3+2.1 59+23 0.79£023 114+11 18+5 14.1£19 -2.11£092 3.8+1.6 22777 7421
x/HE 0.044 2982 5386 17.825 0.495 0.582  0.205 7.887 4815 10.551 16.467

PIE 0.834 0.102  0.022 <0.001 0.051  0.073  0.692 0.006 0.026  0.002 <0.001

TE: [CA] SEPREERY; [BA] H#%; [Hi] B (Wi (AH; [BMI] EEEG [HiSDS] B@trE2E 0 [GV] AEKER, [IGF-
U] B FRE AR T-15 [25-(OH)D] 2554 D; [1SS] HFA MR

2.2 1% ghrelin #1 LEAP-2 B3R %& 7K F ISS KA VIMR (P<0.05), W3,
ISS ZH IfiL 1 ghrelin /K- TXFHRZH, LEAP-27K
SEAR T XF B2, LEAP-2/ghrelin B T X A4, *2 ISSASRAME ghrelin #1 LEAP-2 7k FH b8
ZRHA G EE L (P<0.05), W2, (x+s)
2.3 il ISSHIZEZENT ghrelin LEAP-2 LEAP-2/
a5 i :
g S5 e 1SS AE RS B, 6 1SS 2 Al o] 1R Gg/ml)  (eml)  ghrelin tfi
N TN — Xif HE 46 5529 + 365 1 366 + 288 0.25 +0.05
SRR S AT T 2 A B RS SUOFE AR, HTBA I
[: {E HISDS oV [GF-1 ’5. (OH)D ISSZH 46 5697 +563 1070 =309 0.19 = 0.07
BA/CA F N A ) ) A ) HH 4.227 5.256 7.134
ghrelin. LEAP-2. LEAP-2/ghrelin HL{FL{Ey 105 Pl 0.043 0015 0031
AT 2 B3 logistic FUH MY, B3R 75 HISDS, i+ Lehrelin] A KMORREHON: [LEAP-2] BFHER BB

IGF-1, ghrelin, LEAP-2, LEAP-2/ghrelin Ll 5 -2: [1SS] #&{ERE S,

F3 T ISS &£/ & EE logistic E 3547

A5 i B SE Waldy? P OR 95%CI

BA -0.092 0.345 0.071 0.789 0.912 0.464~1.793
BA/CA LG (E -0.573 0.327 3.070 0.080 0.564 0.297~1.070
HiSDS 3.830 1.135 11.398 0.001 46.777 4.986~425.801
GV -0.127 0.420 0.091 0.763 0.881 0.387~2.007
IGF-1 0.018 0.007 6.088 0.014 1.018 1.004~1.032
25-(OH)D 0.020 0.033 0.366 0.545 1.020 0.956~1.089
ghrelin -0.017 0.006 8.027 0.010 0.983 0.971~0.996
LEAP-2 0.045 0.013 12.603 <0.001 1.046 1.020~1.072
LEAP-2/ghrelin HH -0.606 0.229 6.998 0.008 0.546 0.348~0.855
i 8.735 6.238 1.961 0.047 1.293

TE: [BA] B [CA] SEBR4E#E; [HSDS] BrEdriE2 s [GV] ERKas; [IGF-1] MR RKET-1; [25-(0H)D] 25-#4E
AZD; [ghrelin] AERBMEFN; [LEAP-2] FHIERISTIRIK-2; [1SS] $RRAEEE M . AR EE it
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2.4 Im;E ghrelin, LEAP-2 5% H Lt & i) ISS B9
M

ROC #h£k /3 #7 7R, ghrelin, LEAP-2, LEAP-
2/ghrelin FUAE M = 3 B A5 FU 1SS 1 AUC 17>0.8,

WA 1,
BRI AT S R | fr A
WGt S50LFR 4,

Fz4 IMiFghrelin, LEAP-2 K EELETN ISS KM {E

At RIGE (%) FEFE (%)  LEHEE S aER i) AUC 95%CI P
ghrelin 92.5 84.8 0.77 5 607 pg/mlL 0.894 0.823~0.966 <0.001
LEAP-2 93.5 75.5 0.69 1 155 pg/mL 0.855 0.780~0.930 <0.001
LEAP-2/ghrelin [t{H 89.1 84.9 0.74 0.212 0.915 0.857~0.972 <0.001
SHE 96.2 84.8 0.81 = 0.952 0.908~0.996 <0.001

. [ghrelin] ARKBEBN; [LEAP-2] JFIERISTURR-2; [1SS] $RRMEES .

1.0
08 F
> 0.6 1
B
B3
04 H
ghrelin
0.2 — LEAP-2
LEAP-2/ghrelin
ghrelin+LEAP-2+LEAP-2/ghrelin
1 1 1 1
0 0.2 0.4 0.6 0.8 1.0
1-4E5H
1-Specificity

E1 Imi&ghrelin, LEAP-2 K% E LLETM 1SS & 4
& [LEAP-2] JHRWEFBPIFML-2; [ghrelin] 2K R B
ks [1SS] FERMEEEH

2.5 Imi&Fghrelin, LEAP-25ISSE)LEK LB HE
ESiton=ki=PS e X

1SS & LI ghrelin 2635 7K -5 CA |, LEAP-2,
LEAP-2/ghrelin [W{E FAHE, 5 GV, GHIEHE
BRI, ZRAGEIHE X (P<0.05); LEAP-2
FKIXAKF-5 GV, IGF-1, H M =E (wiglyceride,
TG) . & AH[E B (total cholesterol, TC) . LDL-C.
GH SR . GHUE{H . ghrelin A, 5 CA.
= % B IR & H JH [ BE (high-density lipoprotein
cholesterol, HDL-C) . LEAP-2/ghrelin [t {H & 1F #H
K, ZSRPAGIERE (P<0.05). WLAS.

%5 MmiEghrelin, LEAP-25ISSBILEKEE

B R IEFRIVIR K A
2 ghrelin LEAP-2
rH P{E i PfE

CA -0.324 0.017 0.348 0.015
BA/CA HAH -0.167 0.261 0.035 0.730
HtSDS -0.132 0.208 0.184 0.282
GV 0.283 0.019  -0.227 0.033
IGF-1 0.290 0.068  -0.338 0.019
TG 0.142 0.095 -0.385 0.003
TC 0.136 0.055 -0.584 0.002
LDL-C 0.182 0.105  -0.391 0.007
HDL-C -0.093 0.385 0.275 0.005
GH At {E 0.058 0.585  -0.523 0.015
GH (A 0.497 0.003  -0.680 <0.001
LEAP-2 -0.527  <0.001 - -

ghrelin - - -0.527 <0.001
LEAP-2/ghrelin [L{H  -0.497  <0.001 0.972 <0.001

W [CA] SEBRAFENRE; [BA] ik [HiSDS] B mfnifE 22
gy; [GV] AkiZ; [1IGF-1] RS REFAERKKT-1; [TG] Hih
=f5; [TC) MMHEEE; [LDL-C] (R B NS & M HFEEE; [HDL-C]
FEEENEEAMNER; [GH] ARKEZE; [ghrelin] A KEFEBEK
ks [LEAP-2] JFMEFGABIEK-2; [1SS] 45L&

3 itig

ghrelin XFR N BIUHKER ', 5K GHS-R1a%h
B, WOR W C-ILEE (1, 4, 5) =R
%, R GHA W . RN, ghrelin 5 [F] 55
AR A KM R B R (growth hormone
releasing hormone, GHRH) . JERIRAGIEAE KU R 77
WA LG, T LUK GH K &4, JF HRpgent
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] . WX T GHRH K& GHS 7o BRA: SCHk iR
B /NRE LR N A7 7E IR 3R 3K 19 ghrelin, 36 B
ghrelin-GHSR RAEEILEA KA E T HAHEZAE
i, 8= ghrelin 1 BEJ& 15 AR L B R K 212 1
JRPH S A 5T WLEE EI) 1SS B LR P L3 ghrelin
KX IR R, X T 2 W OC TR/ LR
P ghrelin 7K - f A AT BE 2 08 70 PR A HE . %
BUEAE ) Camurdan %5 1 fIREE MY [R)RE & FAH
B IE R MR, 1SS ZH 5 A 3 & (A ILYE ghrelin 7K
- AT F IR ghrelin B K ATRES IR E . &
HAK, ISSEILEAREANR LUVARRHE, K
P ghrelin AT U 2 AR5 DR HKCE w1
AR ST, 1SS LT BEAFAE GHS-R1a it
R SEH, 2 ka5 A GHS-Rla & HEAH M A 4
KAEH . ARB5EIN R, XATHES ISSERA G A
X, HLTER IR ghrelin AL R B i3 K2 41
PR 1SS # LA REXS ghrelin (IRSURPERAR, sAFE7E
#R77 ghrelin KT, T BILAR A ghrelin 7K 55 T
o G REFIE RS T 1SS F L N AR K
SR, 8L ghrelin 235 /K01 B FEAL, 420 F
IEH B LEARNIKE, #8758 L7 ghrelin B9 574
= KT LLAE 2 W 1SS i B I OB S %
Rl

shrelin B TA 4 /& GHS-R La [ #E— N IR RCAA
HIT 204, EF] 2018 4F Ge 55 ¥ B IR H
LEAP-2 J& — Rl 3T 24 (4 PR % ghrelin 52 A F5 4071
N3 14 Z LR X BEWEUE SERERS1E M I 18] 3 sh 771,
04 3% GHS-R1a (1) HEK293T 21 i 7 £ JERl i 1R
LB 1 SEp s PURAR L, R s AR
A RUBBAWT GHS-R1a (W fE ™, M fe 2 IR 7E
G MR SR I R G v e, PR N GH 2
B IMEARE . R BTA B A, XAl
13 LEAP-2 DI RE T N 28 20 . ARAFST 1SS LK
WIS LEAP-2 FA7KF- i AR TR IR LE ., £
K 2 logistic 1434 7%, LEAP-2 J& 1SS &1
— AL T R &R, #E—2P R IN T LEAP-2 5 1SS
KR Z 8] YA G PR o T Y LEAP-2 JK I T
1155 pg/mL B, BUDGEF i) 1SS i) LEA B i
{H . XEERFTRERE Ry iE—28 T M I LEAP-2 £E %
Bl 1SS (s 2 W b B it | 2%

H T LEAP-2 7 AR AR SCAHoE AR D, I
I, X LEAP-2 78 JLEE A 4 el B2 9 P 78 A= B A H
AT, RICARFFE X LEAP-2 5ILEA KA H
Hh A R AT RO A A BT, 4 SR 1ML

LEAP-2 %3A/KFE5 GV, IGF-1, TG, TC, LDL-C,
GH LRl . CHIEE R MAH, 5 CA. HDL-C,
LEAP-2/ghrelin FCAE 52 1 AH G . 5 AW 5% i 4 v
LEAP-2 7E R P4 114 22 35 7K F- Fil ghrelin — FF 32 2147 1
S S5 18 —FF, (HANE )& 5 ghrelin 9 323K
KRB e R . Bk, BILAF
S ER /N, RN LEAP-2 & B AI% . Barja-Fernandez
R o, F AR LEAP-2 RiIkIKF-H
(3.79 £ 1.50) ng/mL, IR THFHFWILEM (479
2.13) ng/mL, AMRZRS5Z 8 ki, HAj
FHCHEIE M A FEAT, BT L 4% 4 I 41 (4 I PR A
FEARD o T T IR A B L e
N IEFEN W ESHENE, TEBEZMIGK
WFFERIEAMX — 25

AWFFE SN, LEAP-2 K ik 5 GH AY KA
(S IR R AHDC . XA R ghrelin X GH (1)
PEDEAE IR B T BEIA B XF He, it — 2N T
LEAP-2. ghrelin 4% GHRH Fl2E K 38 25 4 i i &%
(growth hormone inhibiting hormone, GHIH) 4} %) 55
— XY GH AT AR o 1SS LA LEAP-2 7K
AR TFAEFEILE, 5 ghrelin 751K N 3235 K- 1E 4F
FHIZ o 1SS UL P AT B8 H B ghrelin HEHT, Sl H:
ToE R A RAER, 1 LEAP-2 /K- B Amfk, 2
{54E A5 GHS-R1a &5 A 19 2K 7 KI5 M6 GH
SRILEIVER o S Ao i i PP LEAP-2 B o fe
PUABE B LEAP-2, & B GH /KA B LT+
H H ARG 6 K 8 56 42 5 7~ LEAP-2 Q] 521 GH
3, JEHGRHEXT GH AW E AL i — 20
WRMWESE . SR, v LA E i J2, ghrelin 1
LEAP-2 3 i 8% GH (430, L[R2 5 THURAE
KEB Mg Ba T,

B /INIE FB B RUAT 5 R A AR 5 0 1 XSS
FE IR, AFE O iR A A i
FESF 1, ARFSE KB H LEAP-2 [ iAK T
TG. TC. LDL-C &2 5eHk, 15 HDL-C & IE []
KMo X AP OCIRHLE PTG 5 LEAP-2 1) = /K F- A1
K, Bl GH AR, T E— A2 T IR 1Y
S IR T ORR BT A9 A . Mani 28 ™ Fll Holm
4 U EIFSY SR, LEAP-2 (7K 52 BAHPIR A 1Y
P, 5 BML, S RAHIRE A, TG FMAE . &
B, RIEAE L. TG, NIRRT 2RI, K
JHF I i I3 5 2 46 R e A G AR S 5 [l A7 e
BERMI e Ik, & BR4ERE LEAP-2 i Rk 7K
L AR IR L A LE AR SR R
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Zi EFTR, ghrelin, LEAP-2 M H:H(E n] Ky 1SS
BILIZ AR R BT 22, Iy 1SS A IR
TRITHAHT Y 7 ) S B

ETokFR. 3F. REX, k4B EFEHRT
HEGKRELER,;, AFATRITFLE, BL

i

e I o TN BE; RERE TR
AR, ARLFEHREEHSFE,

A RFER: RS FARAEFR

(& % X #]
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