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Evaluating the severity of nonalcoholic fatty liver disease in rats by shear wave elastography
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Abstract: Objective To explore the feasibility and influencing factors of shear wave elastography (SWE) technique in assessing
the severity of nonalcoholicai fatty liver disease (NAFLD). Methods SD rats were randomly divided into control group (n=40)
and experimental group (#=48). The rat models with various degrees of NAFLD severity in experimental group were created by

different diets. The mean Young's modulus (£,,.,,) of the livers was detected at the end of the 1st, 2nd, 3rd, 8th and 12th weeks,

mean

and finally the livers were excised for histopathologic evaluation and mRNA expression analysis. Results £,

mean

was positively
correlated with NAFLD severity in all rats (7=0.838, P<0.001). There was statistical difference in £, among different pathological
groups (F=113.58, P<0.001). E

mean

in nonalcoholic steatohepatitis (NASH) and cirrhosis groups was significantly higher than that

in normal, simple steatosis and borderline groups (P<0.001). .. of cirrhosis group was also significantly higher than that of NASH

ean

group (P<0.001), and no significant difference was found in E,.,,
(P>0.05). The mRNA expressions of MCP-1, TNF-a, type I collagen and a-SMA had significant positive correlations with £, .
(7=0.340-0.678, all P<0.001). Among them, MCP-1 (B=0.560, P<0.001) and type I collagen (B=0.429, P<0.001) were independent
risk factors for NAFLD. The optimal SWE cutoff values for the diagnosis of NASH and cirrhosis were 6.0 and 9.7 kPa, respectively,

with the area under curve of 0.95 and 0.98, sensitivity of 88.9% and 86.5%, and specificity of 100% and 92.7%, respectively.

among normal group, simple steatosis group and borderline group

Conclusion SWE technique can be used to assess the severity of NAFLD. MCP-1 and type I collagen are the major biomolecular
indicators that affects liver stiffness.
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Fig.1 Experimental animals grouping and model preparation
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Tab.1 Primer information for RT-PCR

FEPH 24 B S RS PRI lbp
K Bl b-actin CCT CTA TGC CAA CAC AGT AGC CAC CAA TCC ACA CAG 155
IR Ji TTA ACA AGG GAG GAG AGA GTG  GGA GGG TTT CAG AAG AGA GA 111
0-SMA GCA TCC ACG AAA CCA CCT A GAG GGC TGT GAT CTC CTT CT 143
TNF-a GAC TCT GAC CCC CAT TAC TCT ~ TGT TTC TGA GCA TCG TAG TTG T 143
MCP-1 ACC TGC TGC TAC TCA TTC ACT CTG CTG CTG GTG ATT CTC TT 77

Wi A5 P 2 (NAS=1~2, £F 4E{L FO) , i1 240 (NAS=3~4,
2 4k FO) ,NASH 4 (NAS>5, 21 4Efk FO~F3) , JiT i
T2 (LF 451 F4) .
1.4 FITFES R
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T R ebrifi 22 R . Z A B ECR H
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Bio N Z2 T2t Ml AR X6 22 s i (R 38 A T i
EVEHT . LIRS 900 S br e, R R 3252 B 454
¥F1F (Receiver Operating Characteristic, ROC ) il £k 7
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() ) E e 25 541 B2 112 5 X (F=113.58, P<0.001) .
NASH 4 FI LA E,.,, 0 2 TR 20 FRalivh i
AR PE R 4L (P<0.001) o HFREALZHIY E,., 0 35 0

T NASH #41 (P<0.001) . 7F1EH 41 FLalifhfg 28 v
ZH AN A2 2 8], B, AT 135 22 5 (P>0.05) . SWE
TR L2 2 FE 2.
2.3 E,...5 mRNA RiLKFHHE XM

MCP-1 (r=0.678, P<0.001) . TNF- o (7=0.340,
P=0.001) I 5 (r=0.402, P<0.001) .a-SMA(=0.561,
P<0.001)¥5 E, ., 2 IEAH G ; HZ 504 M4 [m1H 43 Hr i
7~ , MCP-1(B=0.560, P<0.001) il T % i J§% ( B=0.429,
P<0.001) 5 E, ., IS AR o AN R B2 L B E e
AT mRNA F KK L 2,
2.4 ROC B4 1

SWE 26 NASH . i £k 1) 8% {8 53 3114 6.0 kPa.,
9.7 kPa, 4 T I A4 3114 0.95.0.98 , B 431 Ry
88.9% .86.5% , i A4 100% .92.7%, WLIFI 3.
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NASH AH 2 1 JFFRE AL B v, I 0 R R 2 /0l g
F1%~2% o H T, 28 36 A A5 2 5 12 NASH
JFBE A 1) 4 A7 AR A B 0 A 1 I & i B )
THAEGR PR HS . Fit, SR AR F 1 Joa)
PUI NASH B4k 1= A PRI T B G e

7 R P AR A — T P X 2 U R TR
FPEAL B B R I2 W R R, o SWE J2& H i fix
BN TG PR —Fh e s AR . LR B it %
SRR R A A P R A T K P E NI N [T R B 1 i 22K
£ AR FITRBE A UL [R5 88, il o
TR IR, A SR AL I ™ A BTV | B vy FH
YR AR SR BN AU AR A A S
I E, e 15 ITFHE E,,.,,,, #7512 NASH (1) 5 £ I
Fi B E, 6.0 KPa i), WhZii i B 45 NASH [ Af
etk . Kang %&"K NASH /Y E,,.. B (E E 4 5.9 kPa, /<
WISEER G Z AT . AR, ARSI AR A e
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Fig.2 Pathological manifestations and SWE measurement of rat liver in experimental groups
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Tab.2 E ., and mRNA expression in different pathological groups

mean

S8 IEHH(n=42) AR EA (n=5) WA HA(r=5) NASHZA(n=30) JFiEfbdl(n=6)

E, ./kPa 5.57+£0.37 5.64+0.39 5.70+0.42 7.33+1.50 15.942.49
MCP-1 0.29+0.08 0.35+0.10 0.34+0.10 0.57+0.22 1.50£0.65
TNF-a 0.210.03 0.24+0.03 0.24+0.06 0.49+0.12 1.18+0.44
1R I 0.51+0.15 0.63+0.27 0.41+0.11 0.76+0.20 2.37+0.95
a-SMA 0.50+0.17 0.53+0.10 0.52+0.09 0.69+0.26 4.89+2.03
1.0 1.0 J
0.8—/ 0.8 |
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Fig.3 Diagnostic efficacy of SWE in NASH and liver cirrhosis
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NANE IRZ I HRGE T SWE 1EPERR 18 AT 48 8
H LR AL 5 ) =2 Wbk e ! (XA NAFLD
7 T M ARAS B 7843 B30 , ELNAFLD JI [0 28 PERE X i
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539 (P<0.001) AT A AE TGP (P<0.05) FHC , (HFHENR i
ARSI B () S e AT e i B L(P>0.05) o AR
FSELEXT NAFLD K SRR I B A8 64 740 i 2 R,
NASH 4 AR AL 2E 14 AR R 8 2 s T IE 3 spalibk:
AR FIf FLH (P<0.001) , FFRE AL 2 Fi ST A i s
i E T NASHZL(P<0.001) , 1 1FH 21  BAal kAR i Ar
PRLERIIG AL 2 ) SRR B A 22 57 (P>0.05) .
P AN, FPPERE 5 ] e 2T AR AL R B A O, T -5 0 5
AVETC . NAFLD I, IR A AT ik, SR Ad
J&E R B S AR AL B NAFLD & & |, 4T 4 fb i i i
N e A R R AR R S IE A G

NAFLD PRt 5 V5 2 E ) 50 F 284k, A 4G £ & A
21 4E AL A0 A R TS o 4R 4B, MCP-1 . TNF-a., 1
AUE I a-SMA Y mRNA 7KF-5 NAFLD () & 5 HL il
BEYIAHIEN  ok S A AR ] R 2 R ) R P U5 AN B U 38
T4, (UG 52 ) 35 K 1 3 A ) 2 46 s 2 WE 22475
AR AT KB, IR MCP-1, TNF-a 1 5 Jig J57
Fl a-SMA iX 4 F mRNA (1) #1534 5 NAFLD /™ & &
JiE BLIE A 56, {H MCP-1 A1 TR i J5 ) mRNA ik 5
E, o 2 7 AHE (P<0.001) . MCP-1 1] a4k W5 441 it
T T 5 | PR O 2R S VR, -3 T AR 4 e S 3 T A
Ji2 SRR HE AR, JRORE SR AT i S AR R AR 0 T
LRAEAR IR AR R DN, MCP-1 AT 78 Ji
A GBI A2 175 5 21 4 Ab 1 JE2 DT 2 ) 55 D) AL 4% -

(5% 30iik)
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