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Abstract

Liver fibrosis is a wound-healing response of liver cells to chronic injuries caused by viral infections, including
hepatitis B virus (HBV), hepatitis C virus (HCV), toxins, and alcohol abuse. The ability to stage diseases for treatment
naive patients to initiate proper medical procedures and predict the clinical causes of the disease or the treatment
response is important given the increased prevalence of liver fibrosis caused by HBV, HCV and fatty liver diseases.
CHI3L1 (chitinase-3-like protein 1, also known as YKL-40), which belongs to the chitinase family but lacks chitinolytic
activity and is highly expressed in the liver, seems to fulfill this role. CHI3L1 is a non-invasive staging marker for liver
fibrosis caused by HBV, HCV and non-alcoholic fatty liver disease as well as a predictor of the clinical causes and
fibrotic changes after treatments. CHI3L1 predicts histological progression of liver fibrosis and fibrosis progression
rate (fibrosis unit/year), rapid fibrosis progression after liver transplantation and response to interferon and recent
direct acting antiviral therapy in chronic HCV patients. CHI3L1 also predicts response to antiviral therapy in chronic
HBV patients.

Keywords: CHI3LT, liver fibrosis, progression, regression, hepatitis B virus, hepatitis C virus, treatment response
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INTRODUCTION

Liver fibrosis is a wound-healing response of liver cells to chronic injuries caused by viral infections, toxins,
alcohol abuse and other causes. Liver fibrosis is accompanied by a constant process of destruction and
repair of the hepatic parenchyma that is caused by inflammation and often results in serious complications,
including portal hypertension and liver failure. Liver fibrosis can also give rise to hepatocellular carcinoma.
Liver fibrosis can lead to cirrhosis, which is defined as the end stage of liver fibrosis™. In China, hepatitis B is
the major cause of inflammation leading to liver fibrosis and cirrhosis”. Cirrhosis is an important factor in
the development of hepatocellular carcinoma (HCC) because the cumulative 5-year risk of developing HCC
in patients with cirrhosis ranges from 5% to 30%, depending on several factors, including the presence and
stage of underlying liver disease, ethnicity, age, sex and the duration of exposure to primary hepatotropic
viruses. To reduce the burden of the end stage liver diseases (cirrhosis and HCC), it is critical to identify
liver fibrosis at its early stage, predict the direction and speed of the progression, and finally to monitor and
predict the treatments responses (antiviral or anti-fibrotic treatments).

Although many biomarkers (e.g., APRI, FIB4, fibrometer, fibrotest, etc.) and imaging methods (e.g., Fibroscan,
ARFI, MRE) have been widely proposed for staging liver fibrosis, their abilities in predicting liver fibrosis
progression are very limited. Given that fibrosis is a very slow process, it often takes years to progress or
recede from one pathological stage to the next. Therefore, a biomarker that can fulfill this role is most
desirable. A search for such a biomarker would require an understanding of the mechanism of liver fibrosis
and the key molecules involved in the process.

CHI3L1 (also known as YKL-40) belongs to the chitinase family but lacks chitinolytic activity, which is
highly enriched in the liver®. CHI3L1 acts as a growth factor for fibroblasts and is involved in matrix
remodeling™. Serum CHI3L1 levels are associated with the severity of liver fibrosis caused by non-alcoholic
fatty liver disease!, schistosomiasis™", hepatitis C virus (HCV)®' and hepatitis B virus (HBV)"".

CHI3L1 PREDICTS HISTOLOGICAL PROGRESSION OF LIVER FIBROSIS IN CHRONIC HCV

PATIENTS

Fontana et al" analyzed the association of serum fibrosis marker levels with the risk of clinical and
histological disease progression in a large cohort of patients with chronic hepatitis C consisting of 462
prior non-responders to peg-interferon and ribavirin enrolled in the randomized phase of the Hepatitis C
Antiviral Long-term Treatment against Cirrhosis (HALT-C) trial. They performed pretreatment liver biopsy
and follow-up biopsies at years 2 and 4 and defined histological progression as a > 2-point increase in the Ishak
fibrosis score in patients without cirrhosis. Clinical outcomes included development of decompensation,
hepatocellular cancer, death or an increase in the Child-Turcotte-Pugh score to > 7. They collected and
compared serial YKL-40 levels in patients who progressed clinically to the levels in patients who did not
progress using random effects modeling. YKL-40 levels increased in both groups of patients over time
(P = 0.0026) and were significantly increased in the progressors (P < 0.0001).

CHI3L1 PREDICTS RESPONSE TO INTERFERON THERAPY IN CHRONIC HCV PATIENTS

Saitou et al.’ analyzed noninvasive markers as predictors of interferon responses with HCV-associated
diseases. A total of 109 patients with HCV-associated liver disease were enrolled, and 88 patients underwent
liver biopsy. In total, 67 of 109 patients received interferon therapy. YKL-40 was superior to other fibrosis markers
for predicting severe fibrosis (F2-F4) from mild fibrosis (Fo-F1) (YKL-40, AUC = 0.809; HA, AUC = 0.805). They
also evaluated the changes of the levels of fibrosis markers before and after interferon (IFN) therapy. After
IFN therapy, only the concentration of serum YKL-40 significantly decreased in the responder group and the
non-responder group (P = 0.03). No changes were noted among type IV collagen, amino-terminal peptide
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of type III procollagen, hyaluronic acid (HA). They concluded that YKL-40 might be a useful non-invasive
serum marker to evaluate the efficacy of IFN therapies in patients with HCV-associated liver disease.

CHI3L1 PREDICTS RESPONSE TO ANTIVIRAL THERAPY IN CHRONIC HBV PATIENTS

Wang ef al." compared serum CHI3L1 levels with liver tissue collagen proportionate area (CPA) and liver
stiffness measurement (LSM) in a cohort of 131 CHB patients before treatment and after receiving entecavir-
based antiviral therapy for 78 weeks. Before treatment, correlation analysis revealed positive correlations
between CHI3L1 levels and the CPA (r = 0.351, P < 0.001) and between CHI3L1 and LSM (r = 0.412, P < 0.001).
After 78 weeks of treatment, serum CHI3L1 levels decreased compared with baseline (87.8 vs. 69.6 ng/mL,
P < 0.001). Furthermore, the changes in CHI3L1 are correlated with changes in CPA (r = 0.366, P < 0.001)
and the changes in LSM (r = 0.438, P < 0.001) before and after antiviral treatments. They concluded that
CHI3L1 is a useful non-invasive marker for the assessment of liver fibrosis in CHB patients before treatment
and a potential useful marker for monitoring the change in liver fibrosis during therapy. More interestingly,
in many cases, CHI3L1 concentrations decreased after 78 weeks of antiviral therapies, whereas histological
stages based on biopsy did not change. However, upon closer examination of the histological images, they
found that many samples exhibited improvement in fibrosis as demonstrated by thinning of the septa and
reduction in the numbers of the septa. However, the Ishak histological stage remains the same based on the
classification standards (personal communication).

CHI3L1 PREDICTS FIBROSIS PROGRESSION RATE (FIBROSIS UNIT/YEAR) IN CHRONIC HCV
PATIENTS

Kamal et al.” conducted serial liver biopsies in a 10-year longitudinal cohort study consisting of patients
with HCV alone or HCV and schistosomiasis. Two liver biopsies were performed for patients at the time
of acute HCV infection and at the end of the follow-up to calculate the fibrosis progression rate/year. In
addition, CHI3L1 serum concentrations were measured yearly and at the end of the follow-up. The serum
CHI3L1 change rate (difference between baseline and follow-up values) was compared with the fibrosis
progression rate/year. Kamal et al.”’ reported that the CHI3L1 change rate had a very high linear correlation
with the fibrosis progression rate/year (r = 0.892, P < 0.001). Furthermore, the CHI3L1 increase rate increases
from years 4 to 8 compared with years 1 to 4 for HCV mono-infected patients, and the increase was noted
at year 2 instead of at year 4 in HCV and schistosomiasis co-infected patients. Using data from the table
of Kamal et al.”, we generated a scatter plot of CHI3L1 concentration and the fibrosis progression rate per
year (increase in histological stages per year) [Figure 1]. As noted, no fibrosis progression is noted when the
CHI3L1 concentration is 53 ng/mL. As the CH3L1 concentration increases, the speed of fibrosis progression
increases. When the CHI3L1 concentration is 110 ng/mL, the speed of fibrosis progression is at 0.8 histological
stages per year [Figure 1].

CHI3L1 PREDICTS RAPID FIBROSIS PROGRESSION AFTER LIVER TRANSPLANTATION FOR
HCV PATIENTS

Pungpapong et al." obtained serum and liver biopsy samples from 46 liver transplantation (LT) recipients
at two time points: time point 1, means of 5 + 2 (biopsy 1) months; time point 2, means of 39 + 6 (biopsy 2)
months post-LT. Rapid fibrosis progression (RFP) was defined as an increase in the fibrosis score = 2 from
biopsy 1 to biopsy 2 (a mean interval of 33 + 6 months). They analyzed the ability of parameters, including
serum CHI3L1 and hyaluronic acid (HA), histological assessment, and hepatic stellate cell activity (HSCA)
at biopsy 1, to predict RFP. They found that serum HA and YKL-40 performed significantly better than
conventional parameters and HSCA in predicting RFP post-LT. Furthermore, CHI3L1 (cutoft = 200 pg/L)
exhibited 96% accuracy and performed better than serum HA (cutoff > 90 pg/L) in predicting RFP at biopsy
1 with 80% accuracy.
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Figure 1. Scatter plot demonstrating the slope of CHI3L1 concentration and fibrosis progression rate per year

Water inlet
(fibrosis
progression)

\

Water levels
(fibrosis degree
or stages)

&
\

Water outlet
(fibrosis regression)

Figure 2. A water tank model to describe the relationship between the progression or regression of liver fibrosis and CHI3L1

CONCLUSION

CHI3L1 is not only a staging marker for fibrosis in treatment naive HBV- or HCV-infected patients and
NAFLD patients. CHI3L1 is also predictive of progression or regression of fibrosis. These abilities are
likely due to the fact that CHI3L1 is actively involved in the process of liver fibrosis. Johansen et al." used
immunohistochemical analysis to demonstrate that CHI3L1 is expressed in areas with fibrosis, particularly
leading edges/areas with active fibrogenesis. CHI3L1 staining was not observed in hepatocytes but was
expressed in Kupffer cells’ and potentially hepatic stellate cells (HSC)". He et al." demonstrated that
CHI3L1 binds to interleukin-13 receptor a2 (IL-13Ra2), activates MAPK (macrophage mitogen-activated
protein kinase), protein kinase B/AKT, and Wnt/fB-catenin signaling, and regulates TGF-B1 production via
IL-13Ra2-dependent mechanisms. CHI3L1 also promotes HSC activation and proliferation®.

Here, we present a water tank model [Figure 2] to explain the relationship between the progression or
regression of liver fibrosis and the concentration and increasing speed of CHI3L1. The inlet of water
represents the parameters of CHI3L1, and the girth of the inlet pipe represents the absolute concentration of
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CHI3L1. The water pressure (inlet water speed) represents the speed of the increase of CHI3L1 concentration
in liver. The outlet represents the natural ability of the liver to repair the fibrosis damage (e.g., degradation
of the extracellular matrix). The height of the water tank represents the degree (stages) of liver fibrosis. For
example, if the water intake is greater than the water outflow, then the height of the water tank (degree of the
fibrosis) would increase after a period of time, thus representing a model of chronic liver fibrosis similar to
that observed in chronic HBV patients. If treatment, such as antiviral treatment of HBV, was initiated, the
water intake would decrease (measured by a reduction in CHI3L1 concentration). Thus, over time, the height
of the water tank (degree of fibrosis) would decrease due to natural recovery properties of the liver.
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[ Abstract]
of Hepatology on the management of hepatic encephalopathy in

Current guideline developed by the Chinese Society

cirrhosis is grounded on the published evidences and panelists’
consensus. This guideline presents recommendations for diagnosis
and management of covert and overt hepatic encephalopathy,
and underline the importance of screening minimal hepatic
encephalopathy in patients with end-stage liver diseases. In addition,
it also stresses that early identification and timely treatments are the
means to know the prognosis. The principles of treatment are primary
and secondary prevention, prompt removal of the cause, and recovery
of acute neuropsychiatric abnormalities to baseline status.
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HIER{ES HE MRAE KRR, RIEAT SBUMMRIR BRI, M
MEFERETY R EREARE FHARAN, 51EMEHR
YA EE RS, FE, ®MERESHES RN AR
AR, BEEOEHE, REVUAT R RN BRI, &
BUBMEERR., B—E, REIRRRT= AR E TR
RIMEFFHLG, B HE Z4EE, s, HE RELSHE
EHERBRRE X, BRERDR, FELEER T LARG
WS, RS, Mg,

3. HABFU

(1) BERMRKGLEABRIEMSBTES , RS
BERERRR,, PRETEEEEMME R, FPERER
MBEREL, ATTHHIEESLERER, EEHERE
BRANERERR A R C B AR Z BB R B R, KEB
WM BRABEEHLER, S HE wxE",

(2) v-EETR/ ¥ _REESTHREYE, v- &8
TREFRHESRENEN. BRESHOMGIMERR, WK
5 RERZAUESZANEREE, HE MM v- &
ETMEEAE, BEIMBFEREMN, mANEEE—
REKPAR. TRFFIFE, ARFELSY R T8 v -
EETR/ X - REEOZENAYNRELE, Bk,
TESHME HE , A PE R ELZREHA MBS
e, w HE By&E ",

(3) SEhEEVL , BHREN, WO RZ mAN
FESBRILERAR 2 ~ T/, YEHANLSERS, &4
EEFHREMRSMEET, Bl R A BN,
BERESNAEN, RN, SEFEMSHETIREPEK
BEBE, #5800 RAMSUR A G2 A
X REBRIE IR, MR ahEs ",

(4) RMTFFURAEEIIBEELL , EFELRENRTR
REG R BT - SOk A RG22 TCHE M 25 AR R
E, B HE %4, FHEINEAEE. %t , BT
Rk R REE S HE sismERr—5 1,

() BERE

HE S% W EREERRE (BEEE. Hib. Kk
B SR, RUERRERNEE), HRENLE
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Hil, BREMRETERIL. KBHEK. SEEKR.
KILAR, FR. BIE, /Kot fE#, ARFEHAFEREX
Y FRBEN %, TIPS J5 HE gy R £ 30, TIPS j7 HE
WEESRAIFEERE, AR HERERXERUEE
RERFGXY, FRER, RTFRMHF (PP) TS
BUMR AT B 1, T INFFEE (L 85 &4 HE MRS,
B R RS ZGRAYT R I & ",

TERFELBREFERMLEMRET, MR EHALER,
A HF—5 MERK ISR, FBOARNTI A HETL,

M. wERRIMSH

(—) EHREER SIIE

HE B—MAAAIIREIER . ERZEIISRNELNE
FI., BRENSNL AR ZHIR West-Haven HE 44
Wi, EHHES KRN0~ 44", ZAXRETEREY
T 0% (FJgER MHE) K 1 RHFIMEMRERR, MHE
FEHRRBEHNETITARETL, WERFREIEE,
BEMEO0EMARTE, 1K HE IREZRIS, pHRasmas
REENASFESFEREARE, RETHREBSMENAL
ERRERARRHTZREREANIBRETL, ERKREIEBRRE
FUFR S EE M RIERRE,

FE T 4F ISHEN 2 i i B 58 4k #0 22 1A S0 2h B8 25 4k i
(Spectrum of Neuro-cognitive Impairment in Cirrhosis)
S ARHE R, ¥ MHE I West-Haven 2260, 14t HE 4
RN E MM (covert hepatic encephalopathy,
CHE) ; ZHIMMITANE SR, SESHERE,
BT West-Haven 433 2 ~ 4% HE, #JOHE> Y, BE
EER, | & HE REFARMIANIIGERRS, DHMR
HEREARH Y B & & SONIC 7% /8T OHE,

g%, WRLEEZR “TWIEKRFERR". “REFER
7 SIERIRFEL 0 HE &2, R ITIEN. #HE
RERAVBE., 1998 F, F 11 FHAEBHRKS—3E
¥ H % MHE", MHE £ HE £RidBPH— %
RERBE, HECHFELEEERAMNSOHEE / WEE

BEREMIE R ER, THEERES, MAMEE
¥ 0 0 HBRREL 25% ~ 39.9%% V), ERRHBIKS
. R, RERZHFEREXLX, W5 Child-Pugh 4
FAEWRX R, MHE RELHENIGHRERTALE, E3X
GRS RA SRR RFELM S 0ENREREE Y,
WG KRS, MHE 3 4ERit% 4 OHE (5 56%, Bt
HRERERMFERBERM, OHE KK /5, MHE Tt
BEFEY, B—HH, LEREHEBHERNBEEER
B, BREE, TERERMSLTFMMEERK, W
EEBAERET, WAHBERHBHH OHE, AL, I
REE S RTEFFE LS A KR 8 & T & MHE, 8%
5@ N A MHE f1 HE | ~ 4 RBTHSERE (R3, 4).
HFEARENTHBETH— 5 RAEREE (Glasgow)
BABRITHHITIHEREIE B ENERRE (1),

(=) mpez

L AR - R B EYLERS, Wi
A% RERSEEBE (ALT). RLEREERLBN
(AST), BER. RINMEEHESREEAHERYE. B
B AR, 7EEE2 HE RS{EREHEE,

2. K : MEFEXN HE LA RRHHE. 24
WrRe, HE4SRIRI] - 5% HE BENES5HE,
ENEHA BT SHENCERE R TS ", ha
EERBENFRFEHR HE, LO#FamEDK, RilE
RERBEAREN, HETEE, YUESIRLEBRESS.
REAE R T R# K M5 L BMER %K, 30 min RSEREIE,
HELE4CHRR, 2h AEEENR .

3.EM . MEALHE3REEA 1 (chitinase-3-like
protein 1, CHI3L1) JEEKBMERERRZ—. BN
ZEaRLu, BERARSEIBNENE , ERIEMASNEE S
REEEA. BRIFESWEBARERNED, EFEL. T
AL F IR IR, CHI3LI FikKFRBT L.
AR 1A 0L T

B/REAEL 73 (Golgi protein 73, GP73) B—F#

3 BT HE 4%k

{&4t West-Haven bR 0%

HEI

HE2 % HE3 % HEA4 &

R TTH) HE SFindE ZHE MHE

HE1 %

HE2 % HE3 % HE4 %

I : HE J9fFHERR » MHE o8RO

R4 HE KOERIER. (KE

BiT8) HE SEin MR (BHASIZIfERT) WERGKIE
It HE E# WRBRGUMEEH, W& OIINRIEH
MHE B7E HE, BRABREMAEIITHER WEFFHEIEYR, B2 CRNRARE
FERMIGRGER, WREGAMBER, 885, ERES  INERERWS I, HeLENARE
HE! 4 (KER. WEMRMIEE), FRTRSIVER
B RAYT VRS, RS, R E I RA (). NERERESSIE, FREMMNESOENI
HE2 4% M), HHHEEN TR, Z3EE, FENS
HRERIER (R, ZEER), TARE, LERFIER,  INEERNETTES I, BEE. MR, B
HE3 % A& RETiEE, AREMIRE LI
HE4 B (WSiEMARRMIRY) SR NS RAREE, AREMR

ALEER

# : HE JfFHER « MHE 200 s

10


blin
Underline

blin
Highlight
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FRREANBEREEZL. GP T EEHEE LEARGE
B, ROERARSRE  BESHERSEOERATR
1, GPT3 EFF AR FHREKTAE ., BEFRER,
A (HCC) BEth GPT3 K EASFESFELE *,
s HCC &/ X%,

(Z) WO

HELBZENARGRBERBPLH MHE & 1 &
HE S#@r5 %, ME0EEN A kHSE HE 55
F#1EH5 MHE MR R RN ER E, 8MARER
HLEHMKRE (FS).

L EGK-EMEBLHEENIR: HECREER S
(psychometric hepatic encephalopathy score, PHES),
BEBFEEZERAE (number connection test, NCT) A,
B. F#SRE (digit symbol test, DST), #k#i%
AE. RIPTRRAR S AH~FRHAE (KE2), BRER
NCT-A. DST 3P, 35 ~FREFEM2HRH,
AWl MHE, BEBEENR, RE PHES HRBERM
NRERR, BERZBENER. ZHETEE. 41F8
B, ¥IRREEHEERR PP,

ERAE¥ERBFR, THEFEEFEMNNCT, DST,
SERTESAMEREMLAMNE ", 2, NCT, DST
W51, TRENSR, B4 MHE RATRERE. HEk,
FERTHEFEFEERE (eNCT) £itENR4wMEnNT
R, ATFHFELEE B BANIBERORN S HFE, A

FFHMER TR,

LHEEUBENZLEREWER (repeatable
battery for the assessment of neuropsychological status,
RBANS) : 2 ISHEN #5#E B M2 0 BMETAZ
— s WENAFAFEMEIZ. BRiSlZ, &, WESHEE
HAEFEEN, ERATR/RKIERR. o REMSIHTE
Rifitn, HAERIHARBTESHABHES, BFRRENA
TFHERRMTA,

3. Stroop % Encephal APP #ili#, : Stroop (Ff{53) &
BTSRRI & FERMBEBE LR BT 8
RFEREHESEEMIARRE, SRR\
MFRERHBERAR. BEEONELIA, a8, 7R
ET WS A%kt T A—Encephal APP, BiRi)
AR XA PR AL A S Th RE AR B0 5 B AR A BT R ™7,
REEENHR, FAENBELEERZMNATA,

4. #£H1I$i5 (inhibitory control test, ICT) . 7
FFREALH XM 2 THRERERR 1, 1R BIR AN Zh B B As Qs
BHAER N YERRERNIER, ICT EditEIEAE
50 ms FIN B Rn— 8T8, NlBENREINEH, EES
M IECIZ, "TUARF MHE i, BHRIESA, ICT &
Hf MHE Ry RBUE T4 88%, RSB MHE M5 .

5. G 5N 4% 33 R (critical flicker frequency, CFF)
Kl . CFF 2AE5 R IN LAl & BIE I B/ R SRR, "] A
R K% SRR, THREREEDSH MHE B R

BS IBEEREMDOE / SR AR

WilHE AR B/ HE
LFERA,
HE LIRSy BRI E LR E AT SRR BEgFiEERR A/B, HFHS &K, £
(PHES) Az MHE BBk WA, RIETHRER, Pulie IERGHEASME 2 MARMHEME
A 5 M THRER
YRS A BEREES, BHEEE, 7 30 ~ 120s FREREFTEEREGRAET
FIF17 MHE todina ROTER
YFERIAR B HEMEES, HEshEE, 4 1 ~ 3min BELBEER
ERERS, THTITE MHE SRR A EMSE A
Pk
WFRS e HERERS, HhasiEE, 1 2min BELHEELE
FFI1 MHE Hukinas
Stroop FEEFHLEA w&S, AT MHE HuEss 3 ~ 5min k. A5
(Encephal App) =
AEEEREMNE L MR AR TARITIZ, WSk, 25min *®. E
ARSI BT, AR BELHEY LR
ISHEN #:#%1E 2% HE .LFE NI T4
R HER
b ar hvY RS, REME. TiEz 15 min LR
TELEES. ANANRERE
%3]
MBI
PRERE AR WAEHH, TRATFINS28UF 10 min ENRABEREEY
HE, #BhisWifE/
FoieE ;- 3UiEsh, SERTILE 314 TEWEELFMEITAR
FEERA A FRLR R 2 (B A )32 x4k, Ui5E P300 E4UHF MHE K217

i - HE P40 » MHE p20UFHERTR o ISHEN ShEERHERII R BES

11
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HESY. BRRERS, A5 TREE TEISDRET
BB, M7 39 Hz B, MHE BEMERAFTER,
2% HE 5 1 ZUTEREK, BZRNEER TR 2
% HEP, CFF < 39 Hz BIFFREAL BB KT 5 F 4178 LB
BE/)NF CFF =239 Hz ¥, &, CFF <39 Hz fi& K
FrpsA (MELD) P48 5RE MMM X ™,

6. A (SCAN) : B—HMitBHLARIR, ¥R
WEEFAERE, BRI AEENNRFRINCIZE
%. SCAN EHERIEA BUEMBMNE ; EHIEKN AR
BEEREWERK.

7. FEgME OEENR T . BENY LR
(animal naming test, ANT), & #dH Rz ™,
ZREH S (multi-sensory integration) Fili ',

(V) MEERFR0HE

1. R EAE . R E T AR BRI B eE, A8
BERENAE, BRAEIPEMNE. BARNBEREDH
R ZHRFMNA, EREE™E HE 8F e
HAR RS, kK EESRAT HE RSB,
AT ILE HE MBS I, REENREFERIATE
A48, WA HHAE HE 5 R oese, oRal TR MAE ,
FREEREE IR 2 HoAth AR IS RRIR

2. BEBARN . BEBABEMEEEL BL. 0F
& AR GE & AL, DA TR B AR X 8 & BT
P300 2 Wiy R R EF, MHE BE T RIGEBRPEK,
PRIR R,

AR R RS RMRR , H ¥,
BRERAGEE, FESLRE. AR, SHELEEN
HER B,

() BR¥ERE

1. FFRE RS CT - JERERSSR CT M ER, ol AW
BREFIEHEMNIT - hF. Sl CT 45 REEH T
HE RigWisi 4R, Eur Z IR, FHHERRR LB = 50 &
P bR 4 (2,

2. A IRESR (MRI) .

(1) REHBGRYE , SREkERE (DT, B—
PR KSR . WA RIG B SRS B R B )k
EHE., FRER, FFE{ Rk HE % MRI E I IEH MRS
BX, FH3EUE (mean diffusivity, MD) {3R] @238/,
A5 HE 2. MERMELE, #o0mugmgx ),

(2) MmAMEERE, 3h Bk 8 JEVRIC (arterial spin
labeling, ASL) RA®ARICHIKRFHRER, @ik
BUmiAR, MmRE, SRNRESMEESH, Tt
i EE A, AFRER, MHE B3 WA MHE
) S8 25 B TR R L R 0, ELIX el AR S 28 Bl
SE—EMXE, BREIERN MHE M WREYZ —,
R ARG PRIRHIE .

3. IEEMER RIS IR (IMRI) . T4E%, EMNAME
M IMRI EARFFFR R BIAH. BRIEEIEEE M RRBE
PLEIEE TR, SM¥E “Y RAHES IMRI BT

12

KB HE BREMERT - £ - K2R $ZH, DhekiEEn
%725 HE BENFMINEERBUAEA X, KA ReHo 4Ty
B3 IMRI AIfEA—F LA E HE, BTHRRE XFE
WEHANBE LA EENE.

BT MHE B&M/52, &4 OHE, ¥&XK KM
JREEIL T8 bR AR RAER X B, B, WRIKERAE RS
LA EMMRNEA ST, BEEN MHE HifES5R
B,

(75) W5 %58W

1. OHE . #iB R FEIAKLE, R West-Haven 4
R, OHE BWiH R Y, —RAFEMM A LY,
WEAREREBFERNE, DWEL . (1) A5EHEW
ERgR, TERRM /S ZNERNXER R () B
e R AT B A e IR B AE » (3) HEREASEME
o RENER, MREERR. PEERN. HERGE
W (SIPIT, ARPAERG R AL . BHERR RO
(4) HHEEIHREHE (CH, BR) WiAHE, IS,
EHEER L, KEREKE , (5) OEAR.

2. MHE : i FRAETHERNANTIGERERI, ©%
BEEUSHRE S ERAROE, BREAEGERDY,
HEUTEEZHES (1), 2) kX 3 ~6) #EE—%)
KL, BIA W0 MHE, EESHEL . (1) A5IE
HE M ERBR , BR300 12 T HE M SCIEFR 4R (2)
G2 LI IR P R 2 TR (3) FHHLL
BRI ES (ANT, BHEHRBEHNR, 2&RE
BAWR) E4 1 GiRE, (4) CFFRURE, (5) MHEE.
WHFBLBAL (VEP), BTFUWHEFELKBL (BAEP) R
(6) fMRI %,

3. ¥R WE A : HE FEUTERE : (1) KR
B DUSHIER IR BRI AR, RIREHE—R
RUW HE BHRe M ESE. FHiv, FLBA™ERIEE
WA - MR R RIS, R, VB
HE WalfE, (2) MAPRZEE ISR TR, BEREA B
P, BRAEFE, RRRRIE, SRPUEGE, RS, SR
GRGE TR SRR S AR, 46 CT. EFH.
MkEE . BEE. REERWSMEMENSE. (3) K
RFHERR « OIERERTE, RIOEE. MO0E. S
oo, FtERR S, o7 R A R R R R I A B ik
VR, BUBENEN. (4) HRERR  BATEE
EEETRARE, 4R Bl BRSS9, #IEHELEEBLES
BEERTEERE D, (5) IR  IE R .
SHRE, BESAMT. ESR (K. §%) iR, WS
WAYBKEBREADEER NS, BB IR/
BN EEFR A TENZY. (6) FE/MHXPERRE.
(7) FFHEERER  EREEFELER L, DARREEENR
S BRI B A T RE , IR R R AL A B 8 AT
PRt R, UGB, ALK S, RENEE,
R TIH, HAERERAHYE, PraEFngHtE. (8)
RSP o 0 WAKIB AR B2 TR E,
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RABH IR R — MR RS R A, R
EHREAME. XFAHE. BnEEE. SRESE3EENU
FREMAT AR ENE EEESNA 0EYHT, IMRIAR
FEAYHE,

BAEZFRLL: HE ZREE A BT 947 264 % F,
BB ERAR. WRERKF Ef KRS8, ML HE
4% MHE #= HE1 ~ 44 (C1).

BAEEL2: HER -GG REE, AP EFA
#hmk b, HEl ~ SUR4B S RRILT AR 587, RIEFHK
WRCEF, WEAFFAHREFLE (B1).

#AEENL3: MHE HAA LR As o5, A
BERGMRIEES, (2 SERKAE, 48 MHE £ 24
B2 SHERBEA YR ELE (B1).

HHEEN 4 H% KL PHES At EAL$igh PHES £ B
W ER T MHE ¢4 & 558655 % (A1), EAF%
FoZ #F A2 A A E 4 PHES TR § MHE #8769 £ 5 14( B1 ).

#EZNS: MHE £AFa e &4+ F L, 4% £ Child
Pugh C BAF B TIPS KE &4, THwELHE, §&
FERE (Al); NFERFLOMERFUTRLES,
FLiZ'F#7% % MHE (B1).

BEERLG: wBRAME L ERE, LoF/Eian i
¥. Rfo B Kot AR, HRTEE, HTRIIARLE
Bl &, LERTRHHRLE ZEEE, 30 min A TARR
Z, RBNE4CAHFK, 2h AFTAED (B1).

BEERLT: bBAZRUEAREEE. MEAHE S
K847 (C1).

Fi. HE #3657

HE RAXKYIHREFERRZ —, BBET, Kit
BT B E HE Fi/GR X8, HE MBIFRRTR™EEE

20 24 F )
FEHERER

SEEE (A1), BWrENSERNBERER. RS
WM MR ERE T BLRE , — R K b =7,

(—) B MHE/HE $iH

Kk L, 90% A FMHE/HE R EHRXHFE, &%
MHE/HE K#EHRIGTHEERE.

Xt TR HE 8%, BEEBRENLMFZELRE, MK
HFRBGIE, BRI RERGLL, HhTHENE SO,
NERKFEAR, FEBENRERS, MHRESYIRST
R RIERS. B, MRBEF AR EAYIGIT.

EHE MR HE % LEERE, H4X$HG
JLR, ¥5i%% HE , REEN/AE D LHBTEL HE, &
Rk, HE5E BiERFaIL,

SEFRGIRNARSEBPENBERELSELR
HE, WA EEFIRA, #EREREES ; #IEB#HT
Bl (REmMME, BASRMNDLE), KOLERERK
SiME (BRFIRMEAET 110 mmol/L), Nk FEEE
K M TROEEREABEMMNESRE, TTHERHEE
HIMEMER 2 B2 E(V2)HEHiM. T3 ~ 4K HE 8%,
Bk s AR, 20% HEEBE (250 ~ 1000 ml/d, 2 ~ 6
K /d) EEBEAIKEENK (40 ~ 80 mg/d) ™,

(Z) Znssr

1. BT . BINEE HE RENEEREZ—, K
RSN A MR IER EE, REOLENEELGYE .

(1) 3L, BhEi s REERM T, £ERR
FHATFLE. HARRNAD, WFAEERFEEIERTZH
BEWAAN A, JUREESE PRE LE R SUES
FEEVR, SEBHEN pH E TR ; FESREKS, #

MEFAR, RMAEHTD, REXEEY, ZRER, &
ESEER, FAREEHYERTR, £ HE M, LRE

fkiB¥est Hav;nﬁ'ﬁ
R RER AT SR

MHE/HE#%
AR
— BT
AR
l % W il
MHEIRAE &
- MHEL BN RIRS
- B EY
| LR
E% : 1 i

ERIEYy
— &by

l——l& 2. 3. 44&
r
AERE. B
mARmE | [ WTE
E
T T
L¢3

E—HEREH,
~ & BEEATH. B
BRAET

H : HE PRI o MHE SR R
B R EIRRI R 2 1R AR
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REGEERE (WIKRFE) WEEK, MHEQSRHE,
FEERTNEFRS s ARBEB O HEAE S, BEE
RYUEHEEERR ., ST RARERET . ARER
AT A% MHE B E#HL0BIEER, REEERE,
wu[AMEIE MHE # /&, HBf HER %, ERAREAERO
fR15~30ml, 2~3K/d (RIEEERLAENE), A
BX2 ~3RKENE, LERNTRESREERET. M3
FEAWZN R E TR FUER S b M ESY, RN
ML FABTER AT BB e,

(2) hER  HHERRIRTUE, EEE. Rkl
i, BOENRE, AYHERES, FRRENEER,
RRERIGT HE MyT RS AR Y, FReEREER,
Bk & AR, MERK, BRFRETELNAY, 0t
7 TIPS WL B E Im R BEVLY BB 2 B, hiesmd
LA, 71678, B4 HE R EREHXSH OF
RS, WA, MR, HFERRRALE) RE
ERTHIVTHENL, RN RERERKAH TIPS
L8 E HE MRME, HENTIHRNER0.68/ke, 43
KTRNRA . VA B HEKE 2 KRR A IR,

(3) L- &R L- 14 E# (L-omnithine L-aspartate,
LOLA) ; W{ERERGITHA TEMETERENEE,
&K 10~40g/d, #BkHHE, % OHE fiMHE 8%
WBIFER, LOLATTEAHBKEIRE, NFDRHHN.
LOLA ;@i {R3# it & SRR IS Stk & BB &K
¥, THEREBESHLENRENE, %E HE WK
B 0BIRER, MEERNE, REEERE,

(4) o REAEEH, BHIEBENERMTEY, &
WRK, Bit Lif, DRBERRBGIEZY, vTAMHE
ENETEEE, BAOTEMAHENNE, W hiE NH3 H
FESRK, MmEE HE felk, B HEM AL, B3 B
B HE LEABMR. HAMER% 800 ~ 1200 mg/d, 43 ~ 4
KOk, TEARE-FHR.

(5) HABMUEZY s HER. P, THEXR. Bk
ERS, SEYRALRHBYET, BERRRMRIFHAME
HERNA,

(6) WASHN , BFEMAEE. HAETMEETSE, T
AR SR TE EA MMMEERE K, A ERERI
WA EH . EH EEARNEFRRS. REHEEE

EE, BOWERN, BENER AN SREHNER
0T W86 B 4 5 9 B AL R 0, AN T 380 00 P REE B0 SR B
WYL R IR LR B s 54 B FLRVEEN ¥ MHE i

W R TRAEM Y,

(7) RMierr2Y, OBEM. RRISER, HESFaM,
W, BT CART R T r AU B0 HE, ERAT
BPRERGNIM S, ¥HIR5IERTE. DAER
M7 HE I FRBRAR, mEAEMER . 0888,
EERIH, SRR RETNRENE, RagET i N5F
B, FREMEERASATHE, ATEEAREMTE, &M
ME HE, 55, BALSHEEME=ERTERY, 25

14

RKMEE L, AHT HE BIKE, BRIGE EAERNA.
OFIREHE . RYA TIHIPHERM, 7 HE PEBHTINLEIA
B, WRESME/MERIRES o WEEEEEX. MFE
¥8 300 mg/d, VIRRMRAEA 2 BUBIRAM 1 ~ 2R HE &%
HBRER. PREEABE, KSMEE. ORKREIR
FeFFE (Hp) 2% . B3tk 3 HE #1 MHE 5FF#4E HE
BEREHp BREEREFRITERL, Hp BRS5HFE
L HE ATREA X, ARG Hp A& AT W ARIRBS R ia7r gk
I_IE[7()-72]°

2. EBAYMNA  HE S5 v- EETRWESMEZ &
MN- B & -D- RLEM - B EMNFHZ AN LRARF X,
FBUTHEAXERESHAE. BRENARDHE,. B
RBE. e B ZBARMERE (AChE) IR RAITH.
MFAE_RERBI ) RAGYFERG HE SX8E, R
RARDFEHMER, RIET. ZiES EinsT HE AAMIE
ERD, ERATFATS, —RFHEEFER.

(1) 9%, m3% p PMERK (B-EP) 5 HEMEAEX
AEY, —%@ 6-EP THEAMME ATP WAMIE, X
MRRREE TRERERR, 5—7H, b-EP SKMMN
WA RAES, MEIXRERNRES, MASMERE,
H—SMERARINERERS . Meta ST &M, LOLABKSE
MIBEGIT HE, 6T RIR. SMHARKFETHRA,
EREFRENE%E, NCT, DSTREXE, THERR
BEREE. AHRAERHEFERARSARESAMEKS,
RARABERENER, EILHRFELESR/D, R
A 7,

(2) FABY s AFRLR T RHBTE 40 HIH ERIERN
HE BEBRTRBEARREY, SHEHLE, ARBE
Z&, BA S HE (ERER ™, Sk M,
PIABARE R EEE, NIRRT ER,

(3) BZREXREMZ , BTHFELBERE, 058,
RMERORE R AR, HALMER - RN, EHitX
LREXAAHERBULMAWER 2, ZLGY T LS
A HE, RORERR—MEREHTN, —REEIEX
BAR BRI RT RN T RN, Ax2dgrs™,
MNFERENRE, MRE. BRUAZEEFEEGES
YIrE, MBERRENNESE, TEAEZREREARY
BEREHIER, HYBEHKRZIEES.

3. FESY . PEINYHE RETFHESER. BRE2E
MR, MZAGLE, KRR, BELTES,
SEMERE. BALE. REAE, RELBWER.

HANET, RABRFSESTRT, TRRALE4E
AEPRARGRPHERNE, FUFSER, LRELR
7, B4, £ HE pE P EL UG EENEE S,
ER EWFE" BCTRRE AT HE Mpia Y,
HbBARBHENR PN GEER, MEKGHL. &
AEMF., EHEHAE. BMEEFEERERSAE
FUOAMR B4 HE B8 T RIFAER, @, 2
PE Y R, BEOEKT. HESKHESHE
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BE—EER.

WENGAE, REARF (KRE), RELALNEN
RS A SHEERIEAE. Eknshi, REHE
Bk / FFREAL. BUEBITIIAE. BBAEIIRE. BURITMEL
WIETT RS, MR TN E LR &, X T HFEE{L HE
HITIB, v] BB — & PHE.

(2) BRIGFHEIT

g AT HE B8 RBM BT HWBEARKE,
HELRH 80.3% FFEEMBEFAERAR, BKATREEE
BEESRKETERN AR, EAS UM HE, EH
WEBZFNERRS, BHHTERTH, TRERELERE
FR. BEHRENEER, EREELFHE.,

1. EEEAXERX . FIEEENSEAEFERLD, 3
BE S RER AR, VAT 4 R T RRASREIR
BRTEEMERRN, BREIWN, SHEEMREREEAN
35 ~ 40 kcal/kg (1 kcal = 4.184 kJ), WERBEEZLEE
B, BEYYSE/ME, BRINE (BROEEEEB0KLE
#50g), BRERREIRYEE3 ~6h, #EREWVE
 MHE BB TE S RBRIEET.

2. BHRK : RSN EFRELHEHRE, SHEQR
BARN1.2 ~ 1.5 g/kg REFAVHE, EHSBEERNT
BWLBREAERREARARSERE 2e/ke, ST HER
HFREEN., BAEYEASHREAERYEZRLRER
b, REFER HE, SSERMEEARESE, TETRER
IMEHERER. B AN / FAM HE BEUSHEBA
30 ~ 40 g VMEH  HE BEE QO RAMNUEEATIEN:3 ~ 4
K HE BEME EMFEHAELR s MHE, 1 ~ 24 HE

BEFGHHEMEEOR, EHTE20g/d, BEEERK
W, 2 3dAHMI0 ~ 20 ER  HYWEQRTS
YEL ., Bk EEED %S 8% HE BE, SBI&%

£, BAEOENMEL, BEENERLRE,

3. XHEEEM (BCAA) : 3~ 4R HE BHENARE
4 BCAA(HER. REBMRREER) WHIINEFHFL
RELTHFTER, BCAA REEMRE HE B&RHIER, H
AT Z EEEOREH KM BCAA 85, TAERK
SikEPKBKS, B, BCAA RUZHFABMIAE
BAERE, RHEEMBFAG, MEHEW AR ZMIT
FEREEBIE A K

4. Rt BEFRE . HE FiBEMER TS
BrE. KEHEEE, FIBRKRESRX, RETIFEHE
KFEAE HRREHFELSEBEFRARRREHNESTFE
BYEE BB RRGT .

(M) ANILHFEST

R & HE 5, FENEHAITER L, "T4H3%) HE X
A—8niE HE A TR, seE—EBE LERTS
RIEFRF. WEE. . BOAEF., EATREHEMA
THEE MR R, kR, M3RiEddr. 4R
HERARS (MARS), WEIMK S FRIHFEL (DPMAS)
B BB MR % =,

15

(R) FFH54

MRBHAT BRI, RERIEAHERYE HE 5
8, RIS ™,

(N) HE {M#

==, ZBC BhEXR.BEA BER. S
AR, ARF (XBEABRZEHE). FERFE, ¥
TS HE BEMREMATY, BHRHAME, WAKEHIER
B s WRAERKRGWAHEEHEORRARF
WHIGR AR, WE/MESE, MR, RE WRER
fRIE, ERBEBALA/NEN, SERER, REER
MEBKEOER R EY. AI/NE. TR RFER KK
BH%,

BEELS: PRFKAELRHEFR (Lo, ik
kR LBAELF) (A,

BREFRL9: LRBTAH KA E HEMHE ML &
HAZRERAEAE, BHEMNEH 15 ~ 30ml, 2 ~ 3K/,
AR 2 ~ 3REAEHET (AL).

BEERLI10: BAABEMAYE, AYHEMLES,
By BB, HHEEAEE, #E& HEMHE R 2HK /
1647, WHEEHEH 06gke, % 3K FRHRA (B1).

BEEL N NARMK SRR TR HE E4 45 fK
. w4aEReTE, *F HE £AH%SHKHEA (B1).

#EHEIL 12: BCAA THAHBRE T RKAE#FH
7 (B2). FligHeAst C A HE A —R G 4EM, 800 ~ 1200
mgd, Tk, #82~4K (B2). REHEHEH9AMFB
& HE (Al).

BEEL13: TR ER/RARE, WwHRIE, LARAA
ZAEBARSEALALFTE, ARERBELELRARE, T
F R SR RN 35 K R AR SRR, 354 R R
iS4 (B1).

BHEEL 14 SF Rt d F09FRL HE 34T
%R LB EBEBHET (C2).

BEELIS: GERKRAFTRIME (HOHELTE,
®FEFEE) A TREEHLZE KR E. #% MHEHE
24 (Bl).

BEEL16: kA, oA ELAR MARS 4514
hf. KARF. PEaEF, THREHEBEH HE s RE
& (B1).

BHEELNT: BEFGAILLMN HE, HFE84E, 2
W% RIS (BL),

HBHEEN 18: F Hzk HEMHE H —Z 8455564 A (B2),

N, HiB

(—) —RIB

HE — %W B8 EH &Z4E HE MR, EMREE
HE, HBEW MHE/OHE k4. B2 OHE #H%4ERE.
HELERE, BEATR, MFEL, FES, TIPSR
ERE, BRTHEVMEREREEMLI, ERE X R EH
fTHEERY WEOEY, BB¥% MHE FE, —HP
Wr MHE, FELRNGYF, PARpEEZ OHE,
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—EWHERRIGTFER XA FEREERTH. KE
YT BARITRE RAEI G R A 4, BRMRII#RKE S, |
ILBGER AR R, MTB RS HE RE M ZER
KEFREER YL, PWRTRRIGTrBY, HiERL, iR
FREA, BBTHRRE. B4 HEWEREER, BRKE
HBKEFR, PEEE, BRBALRRELKE.

(Z) Z&Hp

FHE—KOHE %%f5, BERE AL HEMNEH,
HTHERELEERE, BREEFER, HE_LRI. —
BPMEARBE XERBRRAT. BH0EH S KA
FrEMARS, MEEERRBRREE, SHHE HE #5)
& MHE WEERE, HERTH HE WER, RENEE
AR TREFERGER, SHERERESEH, HE
RESE# A —RERAKEREARIKE, IARE. AR
BMETEANTN Y. B35 RREHREREHE, 1
SRBEENEBEWITA, HEll, ZREEFLER
J1. 842, EEAIRBR, REEME HEME AN, &
Vi, BT

#£H5EN19: 4o MHE 3 OHE £ £ R &, &i#tfr—
BHB (Bl), 4ty B A E KT H 2L MHE/OHE — &5
HEL (C1).

#FEFI2: OHE ¥4\ 5, §i#ir_4LHB (A1),
AR, HABRBETHA KA (AL),

BAEERL2: —SMBELRASEF AL BIATAEE
REHT, WRELSERLE, THRHY OHE LA H#
(Bl). @R AEE ) THA OHE RFAL, #HEXAE
FWILEL (C1).

t. FRRN

1. HAEFRAFEYIREY X MR APP 7 HE 51
PR ENA.

2. MHE R WMEEWREY . S 0BEENER
FHEMHRSNA.

3. HE HHGRIT HIEMBIR « S REBEBBIRST
HE. T4iiasT HE MBF5E. HE Fiar SRR,

EREPRELE

(et IRIUEPFEHERF)

TR (NEA HIE R ERRERH)

XN (ERBERKFHESE —EBYR)

HRER (BRES=0 _ERIFFELBITHL)
BRaLFy (bR AN REBRAHRETILNN)

Winlle (EEERAZMBI TR L)
BB (BHERRERBIEZEERATR.L)
B E (EEHERIEHRE IR IR E R L)
TEE (BHERRFHECE ZEBFRIELT.C)
FHE (F E BRI R B B e AL )

B F (HBERREMBEIAZER AT H.L)
BB (LRSS BB LM

B B s E - R )

16

i (EKES—ERTERANE)

KEH (ZHAS - ARERHELAR)

B8 (BHEMAERBIREZERA L)

BRE (BREEMAZLETEERMTAR)

B & (REWE=hOEBRFNE)

# R (BEEERFIRERFLH)

B % (BEREMRUEE K RERTERAR)

FHAR (BHEREMBRI A EESTR L)

LET (THEMAEE—MRERERER)

L% (BHLE NREBEGRH)

FURE (BHEMNRKEZEHRIEERESSITE)

ZRA (MALERMN TSGR ERBRH)

ZrH FMHEANARERMEST.L)

Z K (ARERFEFRRREYFR)

ZRE (IRRRERKZMRS B AR

ZRE (FEEFRFR  JORESER
ERIFNBE BRI )

ZXH (BHES=O0 ZERMEBANAT .0
JFRERRSE )

ZEF (TEEMAESERBAH)

LIESR (T B EB R LA

XIFFE (BREMKFIBITEERATIES )

Xz (PEEFSMEZR A mESR
JErcHI R BRI L)

ﬂLﬁ(ﬁ&ﬁEE%ﬁ%Wﬂ)

XEZ (ks NRERH AR

RER (EREREHR S — AREBRHE LA

BEE (BN N REBTRER)

sk (1 H AR SRR B

T i (B AREIR TR LR

B F (BMEFEEKRFHBRS ERBRER)

FHR (L@ EWRCTTERELH)

FA S (MILERKEE = BB ES AR

ZER (TMAE—AREBRHL)

FHRE (EWRER—ERBIEH)

£ 4 (EREMAFRES ZERBREH)

e (IWAREMLERBRH)

H o (TREE AREREYER)

E & (WFRKES _ERRLEH)

EFH (MEFERF¥TIEERBER)
ERE (HHEMKEMBILTIEZER

FRIEZGH)

Bk (K ARERFRHIFR)

R B (HHEMRAMEIZER LR

WHEF (BFEFERFMR K ERFELAR)

i F (EHERRERRILRUIEERTE F.0)
FAN (BHEHE=O_ERF=BH T 5HRH.L)
AE (HEERREM B ROIR BTN .0)
TR (ZREMKEE—WRBERHELH)
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B (RS =ERBRH)

RN (R EE—ERBRE)

AT (LS —ERBRH)

wAE (BREMNKEREERFELR)

BB (WRKHEFREBRHLR)

VAR (EPRRAERGEFRMEIHM
Ebegest)

BRE (KW R ERRARH)

BEE (BAEMACEEZRERRLAR)

Yk (RS —ERRAT R

k¥ (BHER=ZO_ERBRERSITS
BrRH.L)

it 4 (BHEMKZERRILREERFRT.L)

TaE (URRER—ERBRRH)

Bl (AR ARER=ERHHH)

kEH (LERELERFLH)

KRE (EREMKERRBE ZERBIRH)

KW (MK ERARH)

KEHE (FERFHRE—ERBRE)

¥IE (B ERFMRELERRIEH)

BRE (BEEE=O_ERREH)

B F (BRELE=ZO_EREFIHE)

RS (R B BT R E BT )

% E (MEXEMBRE—ERHELH)

E O (ERKZEETRELEMER)

ERE (AAFREEFRSE—MRERERH)

GEfEERB N & 4 0. TEHRTTHBE)
B T TEER  EXA RWLR
B Ok BB XNEXZ SNBR

E &

& (AU R¥EE—ERBRR)
i (MK FE—ERBLR)
& T (RKESE—ERBRRH)

¥
B E (Eﬂ@ﬂt’#‘l‘ﬁﬁibﬁ%i’@hﬁﬁ?ﬁkq’m
7T
5

PR EREIDR

AGA (American Gastroenterological Association) 3
HBEBHR¥ES

AASLD (American Association for the Study of
Liver Diseases) EEFH¥£

ANT (animal naming test) Zh¥pr4 #ilid

ASL (arterial spin labeling) ZhkkBIEIRIC

AChE ( acetylcholine esterase) ZBtRBMRESHS

ATP(adenosine-triphosphate) JREEM B H =B8R

BCAA (branched-chain amino acid) X#&E#K

BAEP (brainstem auditory evoked potential) i+
Wy 955 % FLAL

BEAM (brain electrical activity mapping) e E{X

Child-Pugh FFIhEED%

CHE (covert hepatic encephalopathy) FRBEHEFFR
ol

CHI3LI1 (chitinase-3-like protein 1) KL 3 HE
H1

CFF (critical flicker frequency) WGFINIESAER

CT (computed Tomography) X &itEHMEZY

DST (digit symbol test) HFHFSHAK

DTI ( diffusion tensor imaging) BiFtiR5FEK R IE

EASL (European Association for the Study of th
e Liver) BXMIFwFES

eNCT (electronic number connection test) HF¥F
EERE

EEG (electroencephalogram) &

fMRI (fuctional magnetic resonance imaging) Mjgt
MRS IR A

GRADE (grading of recommendations assessment
development and evaluation) HEFESRKEYTAL, &
51

GP73 (Golgi protein 73) BFREEESD 73

HE (hepatic encephalopathy) FF4mIH

Hp (Helicobacter pylori) W4l J8RME &

ICT (inhibitory control test) fE#liMHHALE

ISHEN (International Society for Hepatic
Encephalopathy and NitrogenMetabolism) [E FrfF
HERwRARRRFES

LOLA (L-ornithine L-aspartate) L- SR L- 745

B
MHE (minimal hepatic encephalopathy) #FFrEmR

]

MELD (model for end-stage liver disease) &KL
bl b

Multi-sensory Intergration 2B H & Wiz

MRI (magnetic resonance imaging) BEILiRAEER

MD (mean diffusivity) FEISREE

MARS (molecular adsorbent recirculating system)
ST EES RS

NACSELD (North American Consortium for the
Study of End-Stage Liver Discase) JtEXRKHIFF
e

NCT (number connection test) ¥(FiE#Eil

OHE (overt hepatic encephalopathy) S HFHERR

PBC (primary biliary cirrhosis) B & MR EFTEE
1t

PPI (proton pump inhibitors) F&FHEN&IH

PHES (psychometric hepatic encephalopathy score)
FFHE MR OB AR 1T 4

RBANS (repeatable battery for the assessment of
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neuropsychological status, RBANS) AfEE#HRE
MELERSHE

ReHo (Regional Homogeneity) R#f—2it

TIPS (transjugular intrahepatic potorsystemic

shunt) ZFHMKAT 1 REREK A HAR
TBIL (total bilirubin) SRR
VEP (visual evoked potential) MHi% K AL
WCOG (World Congresses of Gastroenterology) it
REBRAS
B-EP (B -endorphin) B MMERK

M1 RS (Glasgow) Bkl

BEMA =0 kL4

IRERIZSh FRERM

WA SR

XSRS Y

BARK

e dizs)

BEXT PRI B S LU
e o L5 3 1

FerR TR 2 (X RERE)
RIS T eash (ZAMRE)
TIE R R

BE

FERA

FETHY)

MEDAERAE

e

B

5
o
P
B2
N W R e W R AN = W R

i RBERRSR 155, RIESR IS, <1255 EHHRR

ik 2 OERRAFFIERRTES (PHES)

1. FEE AL (number connection test, NCT) ;
H4aN A, B BA,

NCT-A : ¥ 1 ~ 25 BB FHWSHEKL, EXRZiH
ERER ~ 25 P EREX., REME (EXADE+
2IEVMERE)  SFIE <35 %, AR >34.35,35~ 4%, A
t>45.7s,45 ~ 54 %, B >52.85;55~64%, H
i >61.9s,

18

®

© © ©
@@

o@@@
@@ 0@@
ONO @‘ ®
5 ®e 0

NCTB: ¥ 1ZI3MAZL#EI-A 2B - poE
s, MEEEIRPHAER, BINAEFNME
KRBT %, ICRITREBE , BIEN EFRFIERNE,

KBRENCT-B: BEENNAALANRKIBN
NCT-B, B AP XHF “—~+=" BRFH “A~L",
FZEARERE. HESHRMNCTBRIZEBM—
B+ | ~— 2 ~THERFEE. ERAENHER
B, FRITNHERZRER R, ERBEYR, TAEEE
TR, —HRIERE T IR A IFHM &R AL gk
ST X, IR s ARMMTEEE (EEYEERN
B¥MEl).,
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2. BFASEE (digit-symbol test, DST) : #ZHBHK
BAEHE&ER (WAIS-RC) 317, 1 Bl 9 WFHE THIEK
NAEREFAFS, EFSHESERNMEFETE, ZREERN
SE 90 s IRIUF K B i SR FHE SR, TikZik
ERBUENFSHERA LAY, HEBE, THHITE
fE90 s NEFTERM N, B—EWRERIC 1 4, BEFS
L0544, BRI, FEWMAMIEEHEE, WAH.
MEZEEARES. TH 90s NAEES, BEMH (x-25):
F<3ISH, B2<40.570,:35~42, B5<354,
45 ~ 54 %, 184y <28.54) ;55 ~ 64 %, 184 <264},

b EEEEREEE
] (] L]
] 23] s[3[2[ 1] 4] 2[ 1] 3

2[1]3[1 1] 2[4 1
afvE-[v]a

1] [2][3]] 4 Eﬂ

A XAl (el L
ANENENBENDEEBEDNLEBEEELE

16l 5] 2]4]713]s[1]7]6]3]8]53]6/42 1]8

3. B2 R5% (line tracing test, LTT) : &K LB —
EENRRY, ETHHET. ML, AREEFELE
FHEREFR AL PRIB THELEL, FEFEIHEMTE
ZXHRE, BEPTEBR. WREBEEFKE, R
B EIR, MIFRIELIT SR, REHTEE

19

RERS (5RMESERBIN 1, BIERIKDY 2,
B 4hR 3, MERNHRBERERIT). TENE—K
HYHBEHAIGES . B EE2 =PRI x (1 +8HRKEH
/100),

4. BHITHIRE (serial dotting test, SDT) : Bid#H
RRE0TRBFITR, RATEITEDLC, KEIFT,
RIEFE, FHTHEETERABTE, TR s R TER
BHE (BFFRNE), TENERBEHNMEHIIGES.

0000000000
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000
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M 3 FEHAR Stroop Mk K%

1. M Apple App FjJE T APP,

2. Wik4 2 4884 « off Y BRI on BB, FRERRTIHF
72 AEHIIZR, (1) off BrEIA 5 1 AMPHERIEeEr= (1)
BRAL, GHEEPI—FBELIN, TREBRNY, %
BETHXMNHEAEE  BET B AR URHEIHES
4. BREEE 10K, HHREEETREERAXC
TRk, —BA0HE, keEma, RBEHR, aEL, F
WBEH—8  BEFHTH S %, FNHICRTemne
AOSER RS, (2)on BB : 10 ANRIB 9 MRA—E,
RO FEEFEETRFEFERNE G, RS REe
UA—5, 50, AanEEah, ERMERRESR,
M., EXFHRERERTH S .

3. BEREIRRGS DR . (1) Boff f
BYFIE] . SERL S RETEAURTE] 5 (2) IERSEAL off By BB
SRETFRERIRE (3) 6 on BrBeeta] - SEAL S R TR AT [A],
(4) ERASER on MBS 5 HETERIKE 5 (5) B on BB
BHE] + 24 off [y BxfE],

2 % X W
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Abstract

Purpose YKL-40 is a chitinase-like protein expressed in multiple tissues including liver and is reported as a fibrosis marker.
This study aimed to determine whether YKL-40 could serve as a diagnostic marker for the assessment of liver fibrosis in
chronic hepatitis B patients with normal and mildly elevated ALT.

Methods Six hundred and eighty-five patients with chronic hepatitis B infection were enrolled in this study from October
2013 to March 2016. All patients underwent liver biopsy and then staged based on Ishak histological system. Serum YKL-
40 levels were measured by Human Magnetic Luminex Assays.

Results Among chronic hepatitis B patients with normal and mildly elevated ALT, almost more than 30% of patients have
significant liver fibrosis. Serum YKL-40 levels increased significantly in parallel with the progression of fibrosis in patients
with ALT less than two times the upper limit of normal range (P < 0.0001). Multivariate analysis revealed that serum YKL-
40, hyaluronic acid, PLT, and AST were independently associated with significant fibrosis. We established a novel YKL-
40-based fibrosis model for patients with ALT less than two times the upper limit of normal range (ULN). YKL-40 model
was superior to APRI, FIB-4, Forns’ index, and Hui model for diagnosis of significant fibrosis in patients with ALT <2ULN,
with AUROC:S of 0.786 [95% confidence interval (CI) 0.726-0.846] in the training group, 0.831 (95%CI 0.752-0.910) in
the validation group and 0.801 (95%CI 0.753-0.849) in the entire cohort.

Conclusion Serum YKL-40 is a feasible biomarker of liver fibrosis in chronic hepatitis B patients. YKL-40 model was
superior to APRI, FIB-4, Forns’ index and Hui model for diagnosis of significant fibrosis in patients with normal and mildly
elevated ALT.

Keywords YKL-40 - Chronic hepatitis B - Liver fibrosis

Abbreviations HBsAg  Hepatitis B surface antigen
HBV Hepatitis B virus HBeAg  Hepatitis B e antigen
CHB Chronic hepatitis B BMI Body mass index

ALT Alanine transaminase

AST Aspartate transaminase
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GGT Gamma-glutamyl transpeptidase

TBil Total bilirubin

PT Prothrombin time

PLT Platelet counts

HA Hyaluronic acid

LN Laminin

PIIINP  N-terminal peptide of type III procollagen

YKL-40 Chitinase 3-like-1

sCD163  Soluble CD163

MMP Matrix metalloproteinase

TIMP-1  Tissue inhibitor of metalloproteinase 1

ULN Upper limit of normal

ROC Receiver operating characteristic curve

AUROC Area under the receiver operating characteristic
curve

SD Standard deviation

CI Confidence interval

Introduction

Chronic hepatitis B (CHB) infection remains a major global
health burden; approximately, 350—400 million individuals
were infected [1]. The burden of chronic hepatitis B infec-
tion is serious in China, with an estimated 120 million peo-
ple infected, and 0.3 million deaths annually [2]. In China, a
proportion of CHB patients are asymptomatic accompanied
by normal and mildly elevated alanine transaminase (ALT,
ALT levels are less than two times the upper limit of nor-
mal). The guidelines of American Association for the Study
of Liver Diseases (AASLD) and Asian Pacific Association
for the Study of the Liver for the management of CHB
recommend antiviral treatment when ALT levels are two
times the upper limit of normal (ULN), and monitoring or
performing liver biopsy (especially for patients > 40 years)
to assess if significant histologic disease is present when
ALT levels are less than two times the upper limit of nor-
mal (ULN) [3, 4]. However, CHB patients with normal
and mildly elevated ALT levels may not have healthy liv-
ers. Several studies indicated that moderate inflammation
and/or advanced fibrosis was present in 28-37% of CHB
patients who had persistently normal ALT [5-7]. These stud-
ies suggested that CHB patients with normal ALT might
have histologically significant disease, an indication for
antiviral treatment. Use of ALT without resorting to liver
biopsy may miss a certain proportion of patients with histo-
logically significant disease who may benefit from antiviral
therapy. Liver biopsy remains the gold standard for assess-
ing liver fibrosis in CHB patients. However, liver biopsy
has several limitations including invasiveness, risk of com-
plications, sampling error, and cost [8], which limited its
application in assessing and dynamic monitoring of liver
fibrosis. Currently, multiple noninvasive methods based on
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laboratory tests have been developed as surrogates to assess
liver fibrosis, such as aspartate aminotransferase—platelet
index (APRI), fibrosis index based on the four factors (FIB-
4), Forns’ index [9], and Hui model [10]. Gao et al. [11]
had reported a noninvasive model, consisting of aspartate
transaminase (AST), HBsAg, platelet, and albumin, to pre-
dict significant liver histology change [necroinflammatory
activity grade (G) >2 or fibrosis stage (S) >2] in HBeAg-
positive CHB with ALT <2ULN. Gao’s model had an area
under the receiver operating characteristic curve of 0.868,
which was significantly higher than APRI and FIB-4. How-
ever, there is no noninvasive method to predict significant
fibrosis in CHB patients with ALT <2ULN regardless of
HBeAg status and HBV DNA levels.

YKL-40 (chitinase-3-like-1, or human cartilage glycopro-
tein-39) is a member of the mammalian chitinase family [12]
and is secreted by a variety of cells, including neutrophils,
macrophages, and vascular smooth muscle cells [13]. YKL-
40 is thought to be involved in remodeling of the extracel-
lular matrix and in inflammatory processes [14]. YKL-40,
as the growth factor for fibroblasts and chemoattractant for
endothelial cells, is also believed to modulate angiogenesis
during tissue damage [15, 16]. Recently, YKL-40 mRNA
expression was found in human liver [17], and serum YKL-
40 levels were associated with liver fibrosis in patients with
chronic liver disease [18]. Immunohistochemical studies
have shown that YKL-40 is expressed in fibrotic areas of the
liver [17, 19]. Based on these supporting evidences, serum
YKL-40 has been evaluated as a noninvasive marker of
fibrotic liver diseases, including alcoholic liver disease [20],
non-alcoholic fatty liver disease [21] and chronic hepatitis
C-induced liver fibrosis [22, 23]. Therefore, we recently pro-
posed a hypothesis that serum YKL-40 may be a potential
biomarker for differentiating significant fibrosis in chronic
hepatitis B patients with normal and mildly elevated ALT.

In this study, we identified the proportion of significant
fibrosis in CHB patients with normal and mildly elevated
ALT. We measured the serum levels of YKL-40 and com-
pared them with fibrosis stages to evaluate the feasibility
of YKL-40 as a biomarker of liver fibrosis in patients with
normal and mildly elevated ALT levels.

Patients and methods
Patients

A total of 685 patients with chronic HBV infection from 24
hospitals located in mainland China were enrolled in this
study between October 2013 and March 2016. Of which,
460 patients have ALT levels less than two times the upper
limit of normal range (ULN), and they were randomly
divided into a training group (n=307) and a validation
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group (n=153). They all underwent liver biopsies. Inclu-
sion and exclusion criteria were described previously [24].
All patients provided written informed consent for research
use of their clinical data and specimens. This study was
approved by the Ethics Committee of Peking University First
Hospital. The detailed protocol for the clinical trial was reg-
istered at clinicaltrials.gov (NCT01962155) and chictr.org
(ChiCTR-DDT-13003724).

Histological staging

Ultrasonography-guided liver biopsies with a minimal
length of 20 mm (at least 11 portal tracts) were routinely
performed at each hospital according to a standardized pro-
tocol after receiving the patient’s written informed consent.
Pathological interpretations were conducted in the Depart-
ment of Pathology at You An Hospital affiliated to the Capi-
tal Medical University. The histopathological examination
rules were previously reported [24]. Fibrosis stages were
assessed according to Ishak criteria [25]. Significant fibrosis
was defined as F3.

Examination of serum markers

The biochemical and hematological parameters were rou-
tinely detected by standard methods in local hospitals.
Serum HBV DNA (range 2.0 x 10'-1.7 x 10 IU/ml) was
measured by the COBAS AmpliPrep/COBAS TagMan
(Roche Diagnostics, Basel, Switzerland). Serum HBsAg
(range of 20-52,000 IU/ml) was quantified using the Roche
Elecsys HBsAg II assay (Roche Diagnostics, Penzberg,
Germany). The serum levels of YKL-40 were determined
using Human Magnetic Luminex® Assays (LXSAHM-08,
R&D Systems, Inc, Minneapolis, MN, USA) according
to the manufacturer’s instructions. The serum concentra-
tions of hyaluronic acid (range of 2-200 pg/L), laminin
(5-900 pg/L), were measured using a chemiluminescence
immunoassay kit (Yuande Bio-Medical Engineering Co.,
Ltd, Beijing, China).

Noninvasive fibrosis scores

Noninvasive assessment of fibrosis, APRI, and FIB4 was cal-
culated according to the following formulae: APRI=[(AST/
ULN)/platelet(x 10°/L)] x 100; FIB4 = (age x AST)/[plate-
let(x 10°/L) x ALT"?]. Forns’ index [9] and Hui model [10]
were obtained from reported research.

Statistical analysis
Quantitative variables were expressed as mean + standard

deviation (SD) and categorical variables were expressed
as proportions. For normally and non-normally distributed
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variables, the differences between the groups were analyzed
using Student ¢ test and Mann—Whitney U test, respectively.
For categorical variables, Chi-square test was used to com-
pare the differences in proportions. Spearman’s rank test was
used to analyze the correlations between different variables
and fibrosis stages. We performed multivariate backward
logistic regression analysis to determine the independent
variables of significant fibrosis. Receiver operating charac-
teristic curve (ROC) was used to assess the performance
of noninvasive models for staging significant fibrosis. The
diagnostic performance of different variables was evaluated
based on the area under the receiver operating characteristic
curve (AUROC). SPSS 16.0 software (SPSS, Inc., Chicago,
IL, USA) was used for statistical analyses. P <0.05 were
considered statistically significant.

Results
Patient’s characteristics

A total of 685 patients were enrolled in this study; seven
patients were excluded because of unqualified liver tissue.
The remaining 678 patients with chronic HBV infection
were analyzed, of which 460 patients with ALT less than two
times the upper limit of normal range (ULN). The baseline
characteristics of the study patients are shown in Table 1.
There were no significant distributional differences in fibro-
sis stages between the group of patients with ALT >2 X ULN
and the group of patients with ALT <2 X ULN (P=0.312,
Table 1). This result indicated the presence of significant
or more severe fibrosis in patients with ALT <2 x ULN,
patients who do not meet the treatment criteria recom-
mended by AASLD guideline.

ALT was not a perfect surrogate marker for liver
histology

For patients with ALT <2 X ULN, they were stratified (from
G1 to G5) according to the status of HBeAg and the levels
of HBV DNA, as shown in Table 1. In patients with normal
ALT, differences in the proportion of significant fibrosis
were statistically significant (P =0.015, Fig. 1a). Overall,
more than 30% of patients had significant fibrosis, besides
G1 (immuno-tolerant phase) with 17.8% incidence of sig-
nificant fibrosis. Similar results were obtained in patients
with mildly elevated ALT (P <0.0001, Fig. 1b). Regarding
the incidence of significant fibrosis between patients with
normal ALT and patients with mildly elevated ALT, there
were no significant differences (data not shown). This result
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Table 1 Patients’ characteristics

ALT>2XULN (n=218) ALT<2XULN (n=460) P value

Age (median, >40 years %) 36, 77 (35.3%) 38, 205 (44.6%) 0.024
Gender (male %) 184 (84.4%) 345 (75.0%) 0.006
BMI (median, > 24 kg/m? %) 23.3,76 (34.9%) 23.0, 165 (35.9%) 0.864
HBsAg (log,,JU/mL) 3.59+0.77 3.56+0.88 0.409
AST (U/L) 116.55+109.99 35.50+17.84 <0.001
ALP (U/L) 91.64+29.93 77.31+26.07 <0.001
GGT (U/L) 82.62+69.51 41.50+47.42 <0.001
Albumin (g/L) 43.67+5.85 44.48 +5.26 0.002
TBil (umol/L) 18.30+15.33 16.94 +22.78 0.017
PT (s) 12.94+1.51 12.56+1.49 0.001
PLT (x 10°/L) 170.64 +£52.76 172.33 +59.08 0.635
Hyaluronic acid (ug/L) 149.05+102.82 115.26 +71.14 <0.001
Laminin (ug/L) 179.54+302.39 84.24+177.79 <0.001
PITINP (ug/L) 5.65+11.42 3.65+5.04 <0.001
Collagen IV (pg/mL) 1120.00 +£628.19 896.98 +540.96 <0.001
YKL-40 (log,, pg/mL) 4.46+0.38 4.47+0.38 0.718
sCD163(log,, pg/mL) 6.20+0.36 6.01+0.33 <0.001
MMP-1 (log,, pg/mL) 3.47+0.31 3.48+0.32 0.566
MMP-2 (log,, pg/mL) 5.28+0.10 5.26+0.10 0.058
MMP-3 (log,, pg/mL) 4.17+0.25 4.17+0.26 0.624
MMP-9 (log,, pg/mL) 4.85+0.41 4.87+045 0.770
TIMP-1 (log,, pg/mL) 5.08+0.12 5.06+0.13 0.018
HBeAg status/HBV DNA(IU/mL) (n %) 0.020

Gl e+, HBV DNA >2x 107 86 (39.4%) 128(27.6)

G2 e+, 20,000<HBV DNA <2x107 54 (24.8) 116 (25.4)

G3 e+, HBV DNA < 20,000 9.1 25 (5.7)

G4 e—, HBV DNA >2000 59 (27.1) 152 (32.8)

G5 e—, HBV DNA <2000 10 (4.6) 39 (8.5)
Fibrosis stages (n %) 0.312

FO-2 128 (58.7%) 291 (63.2%)

F3 48 (22.0%) 85 (18.5%)

F4 33 (15.1%) 68 (14.8%)

F5-6 9 (4.1%) 16 (3.5%)

Data presented as mean + SD or no. (%)

BMI body mass index, HBsAg hepatitis B surface antigen, AST aspartate transaminase, ALP alkaline
phosphatase, GGT gamma-glutamyl transpeptidase, 7Bil total bilirubin, PT prothrombin time, PLT plate-
let counts, PIIINP N-terminal peptide of type III procollagen, YKL-40 chitinase 3-like-1, sCD163 soluble
CD163, MMP matrix metalloproteinase, TIMP-1 tissue inhibitor of metalloproteinase 1, HBeAg hepatitis B
e antigen, HBV hepatitis B virus, ULN upper limit of normal

suggested that ALT levels and fibrosis are not always con-
sistent in CHB patients.

Serum YKL-40 levels increased with the progression
of fibrosis

Serum YKL-40 levels were measured to assess the feasibil-
ity of YKL-40 as a biomarker of fibrosis in CHB patients.
Serum levels of YKL-40 throughout different fibrosis stages
are shown in Fig. 2. In the total patients, serum YKL-40
levels increased in parallel with the progression of fibrosis,
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showing significant difference between fibrosis stages (FO1
vs F2-F56, F2 vs F3-F56) (P <0.0001, Fig. 2a). In patients
with ALT <2 X ULN, similar results were obtained as in the
total patients (Fig. 2b). In addition, serum YKL-40 levels
were positively correlated with hyaluronic acid, laminin,
PIIINP, Collagen, and AST, while they were negatively cor-
related with platelet count (Supplementary Table 1).
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Fig.2 Associations between serum YKL-40 levels and liver fibrosis. a YKL-40 in total patients, b YKL-40 in patients with ALT <2xULN.
P <0.0001 for all fibrosis stags. ****P <0.0001, ***P <0.001, **P <0.01, *P <0.05

Development of YKL-40-based fibrosis model
in patients with ALT <2 x ULN

To determine the ability of YKL-40 to diagnose signifi-
cant fibrosis, all CHB patients with ALT <2 X ULN were
divided into a training group and a validation group. There
was no statistical difference between training group and
validation group about any parameters (Supplementary
Table 2). In the training group, univariate analysis found
that serum YKL-40, hyaluronic acid, laminin, PIIINP, Col-
lagen IV, sCD163, and MMP-2 were positively associ-
ated with significant fibrosis (Table 2). PLT was inversely
associated with significant fibrosis (Table 2). Multivari-
ate analysis revealed that YKL-40 [odd ratio (OR) 2.330,
95% confidence interval (CI) 1.019-5.330, P =0.045],
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hyaluronic acid (HA), PLT, and AST were independent
factors of significant fibrosis (Table 3). We performed
backward logistic regression analysis and established
a novel YKL-40 based model for CHB patients with
ALT <2 ULN:

YKL-40 model =0.032 X AST - 0.012x PLT +0.012 X
HA +0.846 x1og10 (YKL-40) —4.752.

Diagnostic performance of YKL-40 model
for significant fibrosis

YKL-40 model had an area of 0.786 (95%CI 0.726-0.846)
under the ROC curve in predicting significant fibrosis in
the training group, with 71.74% sensitivity, 72.85% speci-
ficity, 61.68% PPV, and 80.88% NPV at the cut-off point
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Table2 Univariate analysis of clinical parameters and biomarkers
with significant fibrosis in the training group (n=307)

FO0-2 (n=194) F>3(n=113) P value

Age (>40 years %)  37.54+10.12 42.54+10.92 <0.0001

Gender (male %) 141 (72.68%) 83 (73.45%) >0.9999

BMI (>24 kg/m* %) 22.88+2.95 23.50+2.74 0.096

HBsAg (log,,IU/ 3.71+0.88 3.28+0.72 <0.0001
mL)

ALT (U/L) 42.16+17.61 44.55+16.04 0.258

AST (U/L) 32.52+15.72 42.36+21.75 <0.0001

ALP (U/L) 72.61+19.21 85.90+33.97 0.002

GGT (U/L) 35.60+45.56 54.91+47.21 <0.0001

Albumin (g/L) 45.06+4.53 43.58+6.78 0.003

TBil (umol/L) 15.45+17.01 20.84+38.75 0.002

PT (s) 12.32+1.27 12.85+1.43 0.002

PLT (x 10°/L) 187.06+49.56  145.23 +53.21 <0.0001

Hyaluronic acid 93.89+41.27 151.04+96.27 <0.0001
(ug/L)

Laminin (ug/L) 48.21+91.38 126.52+204.21 <0.0001

PIIINP (ug/L) 3.12+6.14 4.53+4.56 <0.0001

Collagen IV (pg/mL) 782.48+387.26 1037.84+584.14 <0.0001

YKL-40 (loglO pg/ 4.39+0.35 4.62+0.40 <0.0001
mL)

SCD163 (logl0 pg/ 5.94+0.32 6.12+0.32 <0.0001
mL)

MMP-1 (logl0 pg/  3.49+0.32 3.46+0.31 0.501
mL)

MMP-2 (logl0 pg/  5.24+0.10 5.28+0.10 0.001
mL)

MMP-3 (loglO pg/  4.17+0.27 4.18+0.26 0.740
mL)

MMP-9 (logl0 pg/  4.86+0.46 4.86+0.40 0.752
mL)

TIMP-1 (loglOpg/  5.05+0.13 5.08+0.13 0.134
mL)

BMI body mass index, HBsAg hepatitis B surface antigen, ALT ala-
nine transaminase, AST aspartate transaminase, ALP alkaline phos-
phatase, GGT gamma-glutamyl transpeptidase, 7Bil total bilirubin,
PT prothrombin time, PLT platelet counts, PIIINP N-terminal peptide
of type III procollagen, YKL-40 chitinase 3-like-1, sCD163 soluble
CD163, MMP matrix metalloproteinase, TIMP-1 tissue inhibitor of
metalloproteinase 1

Table 3 Multivariate logistic regression analysis of independent pre-
dictors for significant fibrosis in the training group (n=307)

Coefficient OR  95%CI P value
AST (U/L) 0.032 1.033 1.009-1.057  0.007
PLT (x 10°/L) -0.012 0.988 0.982-0.995 <0.0001
Hyaluronic acid (ug/L)  0.012 1.013 1.005-1.020  0.001
YKL-40 (log10 pg/ 0.846 2330 1.019-5.330  0.045
mL)
Constant —4.758 0.009 - 0.018

YKL-40 model =0.032x AST —0.012 X PLT +0.012x HA +0.846 X1
0g10 (YKL-40)—4.752
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of —0.56. It was superior to that of APRI [0.736 (95%CI
0.670-0.803)], FIB-4 [0.735 (95%CI1 0.669-0.801)], Forns’
index [0.753 (95%CI 0.688-0.817)], and Hui model [0.734
(95%CI 0.667-0.801)] (Fig. 3a, Table 4). The area under
the ROC curve of YKL-40 model in the validation group
was 0.831 (95%CI 0.752-0.910), with 71.79% sensitivity,
85.33% specificity, 71.79% PPV, and 85.33% NPV at the cut-
off point of — (.33, which was also higher than that of APRI,
FIB-4, Forns’ index, and Hui model (Fig. 3b, Table 4). In the
entire cohort, YKL-40 model had an area of 0.801 (95%CI
0.753-0.849) under the ROC curve in predicting significant
fibrosis (data not shown).

Discussion

Serum ALT is commonly used to assess liver histology activ-
ity and to guide antiviral therapy in patients with liver dis-
ease. However, results of the present study showed that, ALT
levels and fibrosis are not always consistent in CHB patients.
We observed that a high proportion (>30%) of CHB patients
with normal and mildly elevated (1-2ULN) ALT have sig-
nificant fibrosis regardless of the state of HBeAg and the
levels of HBV DNA (Fig. 1, G2-G5). Even for patients in
the immunO-tolerant phase (Fig. 1, G1), 17.8 and 19.3%,
respectively, have significant fibrosis. Our present findings
are consistent with the previous reports that patients with
chronic HBV infection can display normal and mildly ele-
vated ALT levels despite significant histological injury [6,
7, 26]. A meta-analysis [26] concluded that approximately
one-fifth of CHB patients with ALT <40 IU/L may have
significant hepatic fibrosis. Lai et al. [7] found that 37% of
CHB patients with persistently normal ALT had significant
fibrosis and inflammation. According to current guidelines,
antiviral therapy should be initiated immediately for patients
with significant fibrosis [3, 4]. Our results confirmed that
ALT was not a perfect surrogate marker for liver histology,
because ALT failed to identify many patients who might
benefit from antiviral therapy. The “gray zone” patients were
defined as those patients with normal and mildly elevated
ALT. Because of the high proportion of significant liver
disease in the “gray zone” patients, it is highly important
to assess liver fibrosis. Liver biopsy, a gold standard for
assessing liver fibrosis, is not suitable for regular applica-
tions due to the limitations of invasive, finite, complications,
and cost [8]. Noninvasive models such as APRI and FIB-4
using biochemical laboratory index have been proposed to
replace liver biopsy to assess liver fibrosis. Therefore, it is
reasonable to evaluate “gray zone” patients based on such
noninvasive methods, and then to decide whether initiating
antiviral treatment or not.

Within the present study, we assessed the relationship
between serum markers, including YKL-40, hyaluronic
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and b validation group

Table 4 Receiver operating characteristics curve (ROC) analysis of noninvasive models for the diagnosis of significant fibrosis in CHB patients

with ALT <2ULN

AUROC (95%CI) Cut-off value Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Training group
YKL-40 model 0.786 (0.726-0.846) -0.56 71.74 72.85 61.68 80.88
APRI 0.736 (0.670-0.803) 0.76 42.39 93.38 79.60 72.68
FIB-4 0.735 (0.669-0.801) 1.33 50.00 88.08 71.88 74.30
Forns’ index 0.753 (0.688-0.817) 7.75 56.52 82.78 66.66 75.76
Hui model 0.734 (0.667-0.801) 0.12 69.57 70.20 58.72 79.11
Validation group
YKL-40 model 0.831 (0.752-0.910) -0.33 71.79 85.33 71.79 85.33
APRI 0.762 (0.668-0.855) 0.50 71.79 73.33 58.33 83.33
FIB-4 0.743 (0.648-0.838) 1.14 79.49 64.00 53.45 85.72
Forns’ index 0.804 (0.723-0.886) 7.12 79.49 73.33 60.78 87.30
Hui model 0.771 (0.684-0.857) 0.08 87.18 54.67 50.00 89.13

acid, laminin, PIIINP, Collagen IV, sCD163 and metallo-
proteinases, and liver fibrosis in patients with normal and
mildly elevated ALT. Of note, our results indicated that
serum YKI-40 levels significantly correlated with fibrosis
stages as assessed by Ishak score. Serum levels of YKL-40
also increased in non-alcoholic fatty liver disease (NAFLD)
and chronic hepatitis C-induced liver fibrosis [21, 22, 27,
28]. It has been reported that YKL-40 is a growth factor
for fibroblasts and is expressed in active liver fibrotic areas
[29, 30]. In addition, the progression of fibrosis rate per
year linearly correlates with the serum levels of YKL-40
[23]. These observations further strengthen the possibility
that YKL-40 is involved in hepatic fibrogenesis in patients
with HBV infection and is a useful biomarker for hepatic
fibrosis. It is critical to discriminate patients with significant

fibrosis, a stage which represent an indication for antiviral
therapy, from the “gray zone” patients. Our univariate analy-
sis revealed that serum YKL-40, hyaluronic acid, laminin,
PIIINP, Collagen IV, sCD163, and MMP-2 were associated
with significant fibrosis. However, multivariate analysis
showed that only YKL-40, hyaluronic acid and two labora-
tory parameters, PLT and AST, retained significance when
combined with other clinical parameters. Series studies have
demonstrated that combination of multiple serum markers
could improve the sensitive, specific, and reproducible [31,
32]. Based on our findings, a four-variable model including
two serum fibrosis markers (log;,YKL-40, hyaluronic acid)
and two routinely laboratory tests (PLT, AST) was derived
via backward logistic regression analysis to detect significant
fibrosis. Hyaluronic acid is synthesized by stellate cells and
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is involved in fibrogenesis; it has been identified as one of
the serum markers of liver fibrosis in non-alcoholic steato-
hepatitis (NASH) and chronic hepatitis C [31-34]. Regard-
ing PLT, our finding is consistent with the previous stud-
ies that found decreased platelet counts are associated with
more severe hepatic fibrosis [35, 36].

Identification of patients, who actually had significant
hepatic fibrosis, diagnosed as “none treatment required”
according to ALT levels, is very important. Significant
fibrosis is an important endpoint of clinical antiviral ther-
apy [37, 38]. The aim of this study was to develop an
accurate noninvasive fibrosis model applied to “gray zone”
CHB patients. Over the past 20 years, various noninvasive
fibrosis models have emerged. The most widely used two
scores, APRI and FIB-4, and Forns’ index, are based on
patients with hepatitis C infection [39]. APRI and FIB-4
have been validated and recommended for evaluation of
liver fibrosis in CHB patients [39, 40]. Hui model is based
on patients with HBV [10] while lacking of clinical valida-
tion (Supplementary Table 3). Furthermore, the diagnostic
performances of the above models for fibrosis assessment
in CHB patients with normal and mildly elevated ALT
have not been validated in large cohorts. A recent analy-
sis of APRI and FIB-4 in 231 HBV-infected patients with
normal and mildly elevated ALT founded limited diag-
nostic value for significant fibrosis [41]. In this study, we
developed a YKL-40 model in 460 CHB patients with
normal and mildly elevated ALT, and then, we compared
the performances of the five noninvasive models to diag-
nose significant fibrosis. For the identification of patients
with significant fibrosis, the AUROCS for patients with
ALT <2ULN were 0.736 for APRI and 0.735 for FIB-4
in the training group, compared with 0.762 for APRI and
0.743 for FIB-4 in the validation group, showing simi-
lar performance as previous reported [41]. We found that
YKL-40 model produced the best performances compared
to existing scores, with AUROCSs of 0.786 in the training
group, 0.831 in the validation group and 0.801 in the entire
cohort in predicting significant fibrosis for patients with
ALT < 2ULN.

These findings indicated that combined measurement of
serum YKL-40, hyaluronic acid, PLT and AST, via YKL-
40 model can help identify “gray zone” CHB patients with
significant fibrosis who should be treated immediately.

The limitation of this study is that the performance of
YKL-40 model has not been validated by longitudinal data
and future prospective studies should be performed. In
addition, the mechanisms of YKL-40 in liver fibrogenesis
of chronic HBV infection have not been clarified and this
will require the basic research works.

In conclusion, the present study supports a fact that in
China, significant liver fibrosis is present in a high pro-
portion of CHB patients with normal and mildly elevated
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ALT levels regardless of HBeAg status and HBV DNA
levels. In CHB patients with ALT <2ULN, serum YKL-
40 levels were independently associated with significant
fibrosis and could be a feasible biomarker reflecting liver
fibrosis. YKL-40 model was superior to existing scores
in diagnosing significant fibrosis in CHB patients with
normal and mildly elevated ALT. This finding offered a
promising method to identify those “gray zone” patients
who may benefit from antiviral therapy.

Acknowledgements We thank the members of China HepB-Related
Fibrosis Assessment Research Group for assisting patient inclusion
and data acquisition.

Funding This study was supported by China Mega-Project for Infec-
tious Diseases (Grant Numbers 2013ZX10002005, 2012ZX 10002006,
2013ZX10002004, 2012ZX10005005), Project of Beijing Science and
Technology Committee (Grant Number D121100003912002).

Compliance with ethical standards

Conflict of interest On behalf of all authors, the corresponding author
states that there is no conflict of interest.

Ethical approval This study was approved by the local ethics commit-
tee of Peking University First Hospital.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. Sorrell MF, Belongia EA, Costa J, Gareen IF, Grem JL, Inadomi
JM, et al. National institutes of health consensus development
conference statement: management of hepatitis B. Ann Intern
Med. 2009;150:104-10.

Cui Y, Jia J. Update on epidemiology of hepatitis B and C in
China. J Gastroenterol Hepatol. 2013;28:7-10.

3. Lok AS, McMahon BJ. Chronic hepatitis B: update 2009. Hepa-
tology. 2009;50:661-2.

Liaw YF, Kao JH, Piratvisuth T, Chan HL, Chien RN, Liu CJ,
et al. Asian-Pacific consensus statement on the management of
chronic hepatitis B: a 2012 update. Hepatol Int. 2012;6:531-61.
Tsang PS, Trinh H, Garcia RT, Phan JT, Ha NB, Nguyen H,
et al. Significant prevalence of histologic disease in patients with
chronic hepatitis B and mildly elevated serum alanine aminotrans-
ferase levels. Clin Gastroenterol Hepatol. 2008;6:569-74.
Kumar M, Sarin SK, Hissar S, Pande C, Sakhuja P, Sharma BC,
et al. Virologic and histologic features of chronic hepatitis B
virus-infected asymptomatic patients with persistently normal
ALT. Gastroenterology. 2008;134:1376-84.

Lai M, Hyatt BJ, Nasser I, Curry M, Afdhal NH. The clinical
significance of persistently normal ALT in chronic hepatitis B
infection. J Hepatol. 2007;47:760-7.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Serum YKL-40 as a biomarker for liver fibrosis in chronic hepatitis B patients with normal and...

393

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

McGill DB, Rakela J, Zinsmeister AR, Ott BJ. A 21 years expe-
rience with major hemorrhage after percutaneous liver biopsy.
Gastroenterology. 1990;99:1396—400.

Forns X, Ampurdanes S, Llovet JM, Aponte J, Quinto L, Mar-
tinez-Bauer E, et al. Identification of chronic hepatitis C patients
without hepatic fibrosis by a simple predictive model. Hepatology.
2002;36:986-92.

Hui AY, Chan HL, Wong VW, Liew CT, Chim AM, Chan FK,
et al. Identification of chronic hepatitis B patients without signifi-
cant liver fibrosis by a simple noninvasive predictive model. Am
J Gastroenterol. 2005;100:616-23.

Gao S, Li XY, Fan YC, Sun FK, Han LY, Li F, et al. A noninvasive
model to predict liver histology in HBeAg-positive chronic hepa-
titis B with alanine aminotransferase <2u pper limit of normal. J
Gastroenterol Hepatol. 2017;32:215-20.

Hakala BE, White C, Recklies AD. Human cartilage gp-39, a
major secretory product of articular chondrocytes and synovial
cells, is a mammalian member of a chitinase protein family. J Biol
Chem. 1993;268:25803-10.

Roslind A, Johansen JS. YKL-40: a novel marker shared by
chronic inflammation and oncogenic transformation. Methods
Mol Biol. 2009;511:159-84.

. Johansen JS. Studies on serum YKL-40 as a biomarker in diseases

with inflammation, tissue remodelling, fibroses and cancer. Dan
Med Bull. 2006;53:172-209.

Sztrolovics R, Recklies AD, Roughley PJ, Mort JS. Hyaluronate
degradation as an alternative mechanism for proteoglycan release
from cartilage during interleukin-1beta-stimulated catabolism.
Biochem J. 2002;362:473-9.

Malinda KM, Ponce L, Kleinman HK, Shackelton LM, Millis
AJ. Gp38 k, a protein synthesized by vascular smooth muscle
cells, stimulates directional migration of human umbilical vein
endothelial cells. Exp Cell Res. 1999;250:168-73.

Johansen JS, Moller S, Price PA, Bendtsen F, Junge J, Gar-
barsch C, et al. Plasma YKL-40: a new potential marker of fibro-
sis in patients with alcoholic cirrhosis? Scand J Gastroenterol.
1997;32:582-90.

Puche JE, Saiman Y, Friedman SL. Hepatic stellate cells and liver
fibrosis. Compr Physiol. 2013;3:1473-92.

Johansen JS, Christoffersen P, Moller S, Price PA, Henriksen JH,
Garbarsch C, et al. Serum YKL-40 is increased in patients with
hepatic fibrosis. J Hepatol. 2000;32:911-20.

Nojgaard C, Johansen JS, Christensen E, Skovgaard LT, Price PA,
Becker U, et al. Serum levels of YKL-40 and PIIINP as prognos-
tic markers in patients with alcoholic liver disease. J Hepatol.
2003;39:179-86.

Kumagai E, Mano Y, Yoshio S, Shoji H, Sugiyama M, Korenaga
M, et al. Serum YKL-40 as a marker of liver fibrosis in patients
with non-alcoholic fatty liver disease. Sci Rep. 2016;6:35282.
Fontana RJ, Goodman ZD, Dienstag JL, Bonkovsky HL, Nai-
shadham D, Sterling RK, et al. Relationship of serum fibrosis
markers with liver fibrosis stage and collagen content in patients
with advanced chronic hepatitis C. Hepatology. 2008;47:789-98.
Kamal SM, Turner B, He Q, Rasenack J, Bianchi L, Al Tawil
A, et al. Progression of fibrosis in hepatitis C with and without
schistosomiasis: correlation with serum markers of fibrosis. Hepa-
tology. 2006;43:771-9.

Deng YQ, Zhao H, Ma AL, Zhou JY, Xie SB, Zhang XQ, et al.
Selected cytokines serve as potential biomarkers for predicting
liver inflammation and fibrosis in chronic hepatitis B patients
with normal to mildly elevated aminotransferases. Med (Baltim).
2015;94:€2003.

Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat
F, et al. Histological grading and staging of chronic hepatitis. J
Hepatol. 1995;22:696-9.

32

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Chao DT, Lim JK, Ayoub WS, Nguyen LH, Nguyen MH. System-
atic review with meta-analysis: the proportion of chronic hepatitis
B patients with normal alanine transaminase <40 IU/L and signifi-
cant hepatic fibrosis. Aliment Pharmacol Ther. 2014;39:349-58.
Mehta P, Ploutz-Snyder R, Nandi J, Rawlins SR, Sanderson
SO, Levine RA. Diagnostic accuracy of serum hyaluronic acid,
FIBROSpect II, and YKL-40 for discriminating fibrosis stages in
chronic hepatitis C. Am J Gastroenterol. 2008;103:928-36.
Saitou Y, Shiraki K, Yamanaka Y, Yamaguchi Y, Kawakita T,
Yamamoto N, et al. Noninvasive estimation of liver fibrosis and
response to interferon therapy by a serum fibrogenesis marker,
YKL-40, in patients with HCV-associated liver disease. World J
Gastroenterol. 2005;11:476-81.

Recklies AD, White C, Ling H. The chitinase 3-like protein human
cartilage glycoprotein 39 (HC-gp39) stimulates proliferation of
human connective-tissue cells and activates both extracellular
signal-regulated kinase-and protein kinase B-mediated signalling
pathways. Biochem J. 2002;365:119-26.

De Ceuninck F, Gaufillier S, Bonnaud A, Sabatini M, Lesur C,
Pastoureau P. YKL-40 (cartilage gp-39) induces proliferative
events in cultured chondrocytes and synoviocytes and increases
glycosaminoglycan synthesis in chondrocytes. Biochem Biophys
Res Commun. 2001;285:926-31.

Rosenberg WM, Voelker M, Thiel R, Becka M, Burt A, Schup-
pan D, et al. Serum markers detect the presence of liver fibrosis:
a cohort study. Gastroenterology. 2004;127:1704—13.

Rockey DC, Bissell DM. Noninvasive measures of liver fibrosis.
Hepatology. 2006;43:S113-20.

Lydatakis H, Hager IP, Kostadelou E, Mpousmpoulas S, Pappas
S, Diamantis I. Non-invasive markers to predict the liver fibrosis
in non-alcoholic fatty liver disease. Liv Intern Off J Intern Assoc
Study Liv. 2006;26:864-71.

Suzuki A, Angulo P, Lymp J, Li D, Satomura S, Lindor K. Hya-
luronic acid, an accurate serum marker for severe hepatic fibrosis
in patients with non-alcoholic fatty liver disease. Liv Intern Off J
Intern Assoc Study Liv. 2005;25:779-86.

Engelmann G, Gebhardt C, Wenning D, Wuhl E, Hoffmann GF,
Selmi B, et al. Feasibility study and control values of transient
elastography in healthy children. Eur J Pediatr. 2012;171:353-60.
Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA,
Conjeevaram HS, et al. A simple noninvasive index can predict
both significant fibrosis and cirrhosis in patients with chronic
hepatitis C. Hepatology. 2003;38:518-26.

Terrault NA, Bzowej NH, Chang KM, Hwang JP, Jonas MM,
Murad MH, et al. AASLD guidelines for treatment of chronic
hepatitis B. Hepatology. 2016;63:261-83.

Sarin SK, Kumar M, Lau GK, Abbas Z, Chan HL, Chen CJ, et al.
Asian-Pacific clinical practice guidelines on the management of
hepatitis B: a 2015 update. Hepatol Int. 2016;10:1-98.

European Association for Study of L, Asociacion Latinoamericana
para el Estudio del H. EASL-ALEH clinical practice guidelines:
non-invasive tests for evaluation of liver disease severity and prog-
nosis. J Hepatol. 2015;63:237-64.

Xiao G, Yang J, Yan L. Comparison of diagnostic accuracy of
aspartate aminotransferase to platelet ratio index and fibrosis-4
index for detecting liver fibrosis in adult patients with chronic
hepatitis B virus infection: a systemic review and meta-analysis.
Hepatology. 2015;61:292-302.

Wang H, Xue L, Yan R, Zhou Y, Wang MS, Cheng MJ, et al.
Comparison of FIB-4 and APRI in Chinese HBV-infected patients
with persistently normal ALT and mildly elevated ALT. J Viral
Hepat. 2013;20:e3-10.

@ Springer



b degsdeck 2017 4E 8 AP 35 HE 8 Chin J Infeet Dis, August 2017, Vol. 35, No. 8 e 509 o

SEEBIAEA I ERFEUCHPIARER

L% IR ek KEH La

R4 R IF A BB ) —RiE LR, ZBIF £ 2
HEABRTSIRFFRLATELNEERE. BFEASE
TR B4 1 BE LR 2 1™ 5 Y 9 JE » AL 366 171 # B R ESE FUTF
INEETER . AT 24k 5300 BT RE AL B e S JFF & 4 4 iy 05 S5 B
Bt JF A Ak B 1F 52 4 T 40 Jfd 98 Chepatocellular carcinoma, HCC)
HWEEREE, FELLE Rit 548 HCCH K K 5% ~
N B AL BN B ERENFENE 2
KA,

JF I35 20 SR 25 5 T A 4) T IE AF 4R Ak A e hn ™ L (LR
HTHE—SEE, A ENHEET N L RENEZEE
2. 0HBR% NAZERARE . E5k, —EEAHERE
FERAR 2 H R A i B AR R R T B AR R B AR B 5 R 52
FibroScan [X 4} FF B8 ALK & 52 WU 45 4 AL AR M AT 2, (B % o 8] X
BAFAEAREHF SN, EX R EREBMK . HALR B
K EREFIERAE A B2 BN [ A9 5 W 1 1% iR 20 . FibroTest
=R & TR S5 & HIBTR 450 B R AR AT 47 4
{LHEm A, B AR E S 4 R Z A 2= Rk 28, 7000, %
F LR HT 6 % o B 4F 4 4L B 3 43 i ML T AR S M B T R
okRE Y, 52N 3 B & [ 1(chitinase 3-like 1,CHI3LD)
EREHMEE— RGBS 5 RIER N9 RS AR
PR T AR B A R S R AR S RS B,
A3k CHISLY ZE P4 b2 i Bt FT i R AE— 503 .

— CHI3L1 ¥

ARG 3 BE7E [ 1(chitinase 3-like 1, CHISL1) # 8 k2
YKL-40, HAX 4 FIR R H 40X 10°, CHIBL1 WEH — R EEH
BAWL BT EROKREERIR 18, BIEO RN,
BEK BRI 18 A% T 5 B 558 (chitinases) #1 76 £ W B #F
% [ (chitinase-like proteins, CLP), B fi1 8 & 5F & %
(DXXDXDXE)BZ 54 b/ e, K e SR (E) 2L
WE. REWEBMOURLT R E—FMMEMILT B3 14 E#E
B N-ZEB-DEHERESY NN, EAXNBRP BIEH
LT ERE R B B2 H 48, 7 =W 8 (Chit) AR v #L 3
YL T B (AMCase) A % . chitl 28— R Maik iy A
WAL T EE ., AMCase M 2SR AN, IHFH T
HBt S h S .

DOI;10. 3760/ cma. j. issn. 1000-6680. 2017. 08. 015

E2UH -BEXORABEEEH LWH (81572909)

e B4 310058 HUM , 3 VL K2 87 YL i M [0 B 4 R BE S B R ¢
EPETE(BEE B, HER X¥EMEKEERFR SO
(CEBS L) ; 2 ERBRW AKX RBRF iR

SEAEVE#E M 45$ » Email : biaoylin@ gmail. com

Ji 5B 33

CLP UL T B4 Mol BB L T B R AR LT i
BB 5. XAMEILEE ) MR 2 B TIESHLIR T R (b S5 IR o
BRECEABMRLERYRETBN., CHBLLI RARTEKI
ERPAUEEFELH AR B IR, B R AEHHEETR
Zgi. FHit CHBLl X4 F4EFRARFE K LRI E
AR

CHI3L1 3L N F7E [ 5 48 1993 47 %k 1 B (GenBank %
B M80927), 1 10 MM B F AR b0 F AR R4k 1932. 1 1M
—4-8kb I DNA b. HA&BHMEEH 383 ZERFF,HX 2
FREN 40,476 X10° , F 80 7.67 , EAREFM S, EL
ME——A CLP, wife/N&, A 3 4 CLP, chi3ll,chi3l3 1
chi3la, chi3ll By AR P52 A & CHISLL, Wi chi3l3 #1 chisl4 72
AEARFE AR R PR

— .CHI3L1 fE A AP 1R & S e AR R BB O RIBT S

%F CHBLl F AR RAR PR RE, — HEERBIAR
ERHOAHERRYALPEBRE XA REEH TRERAR
44T CHISL1 35519 RNA B35 (Northern blot) 23 # B AR , S
F 7R R A HER r AR CHIBL1 K. 2008 4 Dezso %1
st A 31 MARRIAL AT RS 4047, & B CHIBLL 72/ BE4H
LR BKEERE. BEH TGS N 3)&EERR,CHIBLL
HEFAR P EREWEREIRTIEER.

T BRI HLE B CHISLL #9354, Ohno U gL —AN5E
Bt 52 & PCR(gPCR)CHI3L1 mRNA 7K - 3E4r & 5 , #R 5 38 af X
MR IE#ALUHTT RNA Rk, & 31 CHIBLL 3B R K
REAHHASHALBFE. EFBALAPRUIETH
CHIBLL #H A mRNA KV, HK A E SEMME. B AF+H
YKI-40 # % 3% 7K S H chitl #1 AMCase % 35 K F & 100 £5
B B ,

EERZRUFERGREER R, R E R ER
FBK BN AT RE GA RIS A b€ & , digital counts) . RNA filFF
(RNA-Se) B FREMBER, B L FORA T BEARE -1
KEBEZHHEEERMBEEELKE FHERBEIEH. A
TH R 3 2 B 2 F) Humina BT 65 At R 5 B 3% Ulumina
Human Body Map 2. 0 (http://genomicdbdemo. bxgenomics.
com/ )38 A 38 B R 7 JF A B CHIBL1 33k K ¥ 7 552 4%
100 FAIURE K BB ST RIS B F M4 1 000 B 2R LYl T i B
¥ (FPKM) , i 76 HoAth 200 B B V2LAR 5 15 N BB B
HRBEKFERME™ . CHIBLL £ AL P R KK F LR
15. 3 4%, e O BERSS 276 45, X EH R, CHBL 2R R
REEFTENER, AR EAESREKPERES, BB
552 FPKM. X ™2k /K P52 AT 5 i 4% R PR [ (PSA) , IER
HE A2 R 3(KLK3) JE %, 7 Hlumina Human Body



+ 510 -

FAEE R AL 2017 4E 8 H A 35 %58 8] Chin J Infect Dis, August 2017, Vol. 35, No. 8

Map 2.0 AR, WIS R B R R B AT IR B AT B8
PSA 257K 24 349 FPKMM?

BT, B A LS BT (RIKEN) 28 sk 3 44 [ b 4E T B
FANTOMS %048, 857 T — 1~ E bR 58 /2 X i 1
W8 CHIBLI ZAF Ik F R E MR, CHISLL ZEFFiE
HIFRIZAKFH 3 187 5§ 100 Tl ¥ K B P RS (TPM) , Hk
R (497, 6 TPM) FIFH £ (333, 4 TPMD , 78 HoAth 20 i il . 15
REVELES 78 P BLSE 32 MR P RBKFEER, Hh7EKs 5%
H R # ik Chttp://www. proteinatlas, org/ ENS00000133048-
CHI3L1/tissue),

BZ.CHBLI iR — P EERLHEE XS EEENE.C2
BENBREMF EFRIE, XL CHBL] £5KFEHFS
HEAEFE R R MR A E I, AR 0 5 19 B A
B T KB,

=.CHIBLI {Jy Z RIFN TR U ¥ 9 $0 26 T 47 4 AL Fu TP RE AL 4
FREY B

Yan F'UHRERE R, RREEEWER ARV BIE
¥ CHB & . AR 4k oy 91 2 18] 89 1M 7 CHISLY &35k F
ERAGIHEE X, F—SWESV, ZB CHISLL AU LL
X ¥E M IEF4 CHB AR Fo~F2 fl F23[ A& TIEH:
fiE 28 # 28 T WA (AUC) 24 0. 80J,Fo~F3 f1 F=>4 (AUC 3}
0. 8D 4L, BB EAM O BE S AR KX B REREER
2F[Fo~F2 fl F>>3 (AUC/0.82),FO~F3 1 F=>4 (AUC
0.79) ], BHFIRIES % WA BIERISAT T AR, £ 8 CHIBLL #
X 43 FO~F2 #i F=3,8# FO~F3 fl F>4 68 51 GB#E AUC ¥
WO, TR R4 A EE MR BHEEMAR. BHLERL
H 4% B B 1L /N BR 45 B (APRD), FIB-4, Forn #§ #0f1 Hui 4
RIGR.,

Huang %'V LR T 98 61 A [ T 47 446 4 351 (S) FF 1%
HEAEIRA R CHIBL1 MR iAK¥E, Z BN i CHISL1 F#ikk
FREEFABEABENG MMM, &£ SO MSLAFH
CHBLl EHAFERELITERE X, 7 SO~SI BEAET,
CHIBL11 B 0 &£ B K PR (N 46. 51 pg/L. FIH K
64.79 pg/L7E S2 B & h, CHISL1 % [ R A K 89 Bl
69.48 pg/L,F- 1 K 130. 04 pg/L. 7E S3~S4 {1 8 & 1,
CHISLI 2 B A K V-0 s A7 3% i 3 188. 88 pg/L, W-¥y{H 3%
IngN277. 46 pg/ L% 3 GIA[EFEF dE 40 B B B 8 BT U & 0
A B, CHIBLI HHKVAE 0~S1 BEAM S2 B
RAEGIFEEY, FANEH 2 f1S3~S4 #%# CHBLL A
KFEERTFAGITFE L. Hik, i CHI3L1 & H Kk FaE g
X435 HBV MK b E I 4 4 4 8 3% 0 R BT 4 40 B Be .
Lt A CHIBLL /KFE>73.4 pg/L WtRHELS Wi S 47 4R ki, 52
R AT AT dE 4L i) CHISL 7k 3% B 8UR B 50, 041,44 5
B 0.877 ,

Huang %/ 75 168 fLIE % A 85 4] S3.4 P4 4 fb i %
FIRIERIE R B UL 73.4 pg/L RiG RER, BF £ 4 18R
FEXy 0. 918, 45 5B 0 0. 871, M 1L78.48 pg/L K s S (A AT,
CHISL1 28 BT 7 e 4L 1y AUC 28 0. 96, SRR R 7 i 43
FH 0.918 1 0. 917, 7E 36 F| B AN AL s M 50 L IEH A
L% P e CHIBLI g B B (HA R B IR (PCID 2B %

T3 75 8t

34

FEH AN FIG R B F(CIV) & 3L, 12 7 B 9 47 4 4 CHIBLL &y
AUCfH7 0.99, 2 5 M52 P Wi IT 41 45 b 233 30 B . 75
EREY.

P9 CHISL 75 gk ¥ FF R AL F0 H A il R o P47 4 fbdn &
YIRS

Johansen U AT 51 51T X P JF B 4k 0 IE % A 84 1L 15
CHIBLL ik, Z B CHIZLL #ikK I T4 4.5 4%, Zheng
ZUT 3T CHISL f1 HA Xt H 25 i % mt 5 B0 4 e 4k ep 19
MEFIBEOR, R CHIBLL £ IE % AT BB & 410 5 35 Fn
FEERTA LR E PR Z KT8 (49.0£10.4).(92. 3+
18.5)H1(172. 1+35. 9) g/L. kA CHI3L1 H. HA B4 547 3
X 43 B A 1% 25 AR P AL AR IR .

31 (CHISLL Yk 8 45 A5 i 1 I 9% (NAFLD) 5 B JiF
FHEAFTFEASREY PR

NAFLD R R BHEF RN E LHEE, AR EEE
(25%~45%), Kumagai 257 %t 111 #i| NAFLD 8% #1 23 ] fF
BEFNME CHBLL K Vi#T T & BEAW, R E F 44
LI  NAFLD B # 8 1% CHIBL1 A LA, ST BH
R ,CHBL] &5 i 3 BT 4 4 b (F3~FO F Y1 H 6 i 0 57 B
. BFREXH,CHBLI AN MK FHEA s HA ME L L
FREEE ZFHME Mac-2 454 H 1 (WFA"-M2BP) .FIB4 # 5 2 F
R HE ALT Ml /MU R FRE, SRR e % 1
20 FOE 40 B SORR PR AR PR 5

7N CHIBLL Y A3 18 YT YT SR ER A BUS BB 52

Nojgaard %V b8 T CHISL1 ZER AT R B F « FHEM
M FAIGIT RIS AR 7E 30 BIAITF AR E .45 18 AR
M3 CHILY F/KF 5357 A0 L 42 B E A i 7E 19 FliaF &
MEBAES,CHIBL1 AR 4L, Nunes £ 5 R BIER
BHRBES M TFHRERTH KN & CHBLL k¥R,
Wang %" 3 T CHB B & HUR 81697 78 FJE MG IT AT M
CHISL1 k¥, %3 CHI3L1 k¥ B % Fi, Hilt,CHI3L] &
WA EEAF S AL A Ok S B S VUR R T S
BAIRIT I

Pungpapong 2 Bt 5y & 3L, 1L ¥ CHISLL f 7k 0] LA #E
HRRAT R BE B BT Sk 4 4 4k # & (rapid fibrosis
progression, RFP) AR5 . FREAHE 6 A M CHI3L1>
200 pg/L Wil RFP (Y #EHE &5 96% . Fontana 71 7548 14
NETRBEFHARZ TR ERAR S SHREIE T
A I 7 S e PRI B0 & B CHISLL 34 B BUR FF4r 2
LTS R, FUE A E.

CHIBLY 7EfFRE b o e 4% 7 R 5k, HLRBAE7E AT AR P 5 30 40
HPBE T A T ROTS N R A, T RE 2 5 IR 4k 4k
BB ARy, CHISLL R4 484048 7T LA A SR th Bhis Wi 3
PERT 48 I A P A8 AL R RS 1 BT 25 S B0 T 44 4 AL A0 A AL, )
I BB LU BORE v X 2 A W] B B BF &7 4L, 3 SR AT H
WITRIA BRI IOIEFHE —FHE L. B4 CHILI
BA TR AL , 7T DL AT R % 52 45 YO U W 17 38 5 B
FIRTT AGUAT AR T TTT R WD B 1 I AE 5 0 A K M
i P T gt



AR R Ak 2017 4E 8 A% 35 %58 8 Chin J Infect Dis, August 2017, Vol. 35, No. 8

» 511 -

8 £ X W

[ 17 Pellicoro A, Ramachandran P, Iredale JP, et al. Liver fibrosis and
repair: immune regulation of wound healing in a solid organ []]. Nat
Rev Immunol,2014,14(3) :181-194. DOI: 10. 1038/nri3623,

[ 2] Liao B, Wang Z, Lin S, et al. Significant fibrosis is not rare in

Chinese chronic hepatitis B patients with persistent normal ALT [/

OLJ. PLoS One, 2013,8(10);e78672(2013-10-25) [ 2017-04-18 .

http://journals. plos. org/plosone/article? id = 10. 1371/journal,

pone. 0078672, DOI; 10. 1371/journal. pone. 0078672.

WE, EFREH, % ZRFRFRHEEEESHEERENXE

[J]. 4 AF ARG 2% &, 2003,11(1):11-13, DOI: 10, 3760/j. issn:

1007-3418. 2003. 01. 003.

(3]

[ 4 ] Chao DT, Lim JK, Ayoub WS,et al. Systematic review with meta-
analysis: the proportion of chronic hepatitis B patients with normal
alanine transaminase << 40 1U/L and significant hepatic fibrosis []J 7.
Aliment Pharmacol Ther,2014,39(4):349-358. DOI. 10. 1111/ apt.
12590,

Afdhal NH. Biopsy or biomarkers: is there a gold standard for
diagnosis of liver fibrosis? {J]. Clin Chem, 2004,50(8) ;1299-1300.
DOI.; 10, 1373/ clinchem. 2004. 035899.

Bedossa P, Dargére D, Paradis V. Sampling variability of liver
fibrosis in chronic hepatitis C[J]. Hepatology, 2003, 38(6): 1449-
1457. DOI:10. 1016/]. hep. 2003. 09. 022.

£6]

[ 7 ] Degos F, Perez P, Roche B, et al. Diagnostic accuracy of FibroScan
and comparison to liver fibrosis biomarkers in chronic viral hepatitis:
a multicenter prospective study ( the FIBROSTIC study) [J]. J
Hepatol, 2010, 53(6):1013-1021. DOI: 10. 1016/]. jhep. 2010. 05.
035.

[ 8] Rossi E, Adams L, Prins A, et al. Validation of the FibroTest
biochemical markers score in assessing liver fibrosis in hepatitis C

patients [J]. Clin Chem, 2003,49(3):450-454. DOI.10. 1373/49. 3.

450.
[ 97 Poynard T, Munteanu M, Deckmyn O, et al. Validation of liver
fibrosis biomarker ( FibroTest ) for assessing liver fibrosis

progression; proof of concept and first application in a large
population [J]. J Hepatol, 2012, 57(3):541-548. DOI. 10. 1016/].
jhep. 2012. 04. 025.

[10] Johansen JS, Jensen BV, Roslind A, et al. Serum YKL-40, a new
prognostic biomarker in cancer patients? [J]. Cancer Epidemiol
Biomarkers Prev, 2006, 15(2);194-202. DOI. 10. 1158/1055-9965.
EPI-05-0011.

['11] Hakala BE, White C, Recklies AD. Human cartilage gp-39, a major
secretory product of articular chondrocytes and synowvial cells, is a
mammalian member of a chitinase protein family[J]. J Biol Chem,
1993,268(34) :25803-25810.

[12] Dezso Z, Nikolsky Y, Sviridov E,et al. A comprehensive functional
analysis of tissue specificity of human gene expression [J/OL]. BMC
Biol, 2008, 6: 49 (2008-11-12) [ 2017-04-18]. http://bmcbiol.
biomedcentral. com/articles/10. 1186/1741-7007-6-49. DOI. 10.
1186/1741-7007-6-49.

[13] Ohno M, Bauer PO, Kida Y, et al. Quantitative Real-Time PCR

T3 75 8t

35

Analysis of YKI-40 and Its Comparison with Mammalian Chitinase
mRNAs in Normal Human Tissues Using a Single Standard DNA
[J]. Int ] Mol Sci, 2015, 16 (5):9922-9935. DOI; 10. 3390/
1jms16059922.

Huang H, Wu T, Mao J, et al. CHI3L] Is a Liver-Enriched,
Noninvasive Biomarker That Can Be Used to Stage and Diagnose
Substantial Hepatic Fibrosis [J]. OMICS, 2015, 19(6):339-345.
DOI:10. 1089/ 0mi. 2015. 0037.

[15] Andersson R, Gebhard C, Miguel-Escalada I, et al. An atlas of active

[14]

enhancers across human cell types and tissues[ J]. Nature, 2014, 507
(7493) :455-461, DOI.10, 1038/ naturel 2787.

[16] Johansen JS. Studies on serum YKI-40 as a biomarker in diseases
with inflammation, tissue remodelling, fibroses and cancer [J]. Dan
Med Bull, 2006,53(2):172-209,

[17] Yan L, Deng Y, Wang G,et al. Serum YKI-40 as a biomarker for
predicting significant fibrosis and advanced fibrosis in chronic hepatitis
B patient with normal or mildly elevated ALT{C] . APASL 2017,
Shanghai, 2017 : PP1537.

[18] Johansen JS, Christoffersen P, M? ller S, et al. Serum YKL-40 is
increased in patients with hepatic fibrosis [J]. J Hepatol, 2000, 32
(6):911-920. DOI:10. 1016/S0168-8278(00)80095-1.

[19] Zheng M, Cai WM, Zhao JK, et al. Determination of serum levels of
YKI1-40 and hyaluronic acid in patients with hepatic fibrosis due to
schistosomiasis japonica and appraisal of their clinical value[]J]. Acta
Trop » 2005,96(2-3):148-152, DOI.10. 1016/]. actatropica. 2005. 07.
009.

[207] Kumagai E, Mano Y, Yoshio S, et al. Serum YKL-40 as a marker of
liver fibrosis in patients with non-alcoholic fatty liver disease [J/OLJ.
Sci Rep, 2016, 635282 (2016-10-14) [2017-04-18]. http.//www.
nature. com/ articles/ srep35282, DOI: 10, 1038/ srep35282.

{217 Nojgaard C, Johansen JS, Krarup HB, et al. Effect of antiviral

therapy on markers of fibrogenesis in patients with chronic hepatitis C

[J]. Scand ] Gastroenterol, 2003,38(6):659-665.

[22] Nunes D, Fleming C, Offner G,et al. Noninvasive markers of liver
fibrosis are highly predictive of liver-related death in a cohort of
HCV-infected individuals with and without HIV infection [J]. Am J
Gastroenterol, 2010, 105(6):1346-1353. DOI. 10. 1038/ajg. 2009.
746.

[237] Wang L, Jia J, You H,et al. Changes of serum CHI3L1 levels after
antiviral therapy correlate with fibrosis changes measured by CPA and
LSM in CHB patients[ C] . APASL 2017, Shanghai,2017.PP0119.

[24] Pungpapong S, Nunes DP, Krishna M, et al. Serum fibrosis markers
can predict rapid fibrosis progression after liver transplantation for
hepatitis C [J]. Liver Transpl, 2008, 14(9):1294-1302. DOI: 10.
1002/1t. 21508.

[25] Fontana RJ, Litman HJ, Dienstag JL, et al. YKIL-40 genetic

polymorphisms and the risk of liver disease progression in patients

with advanced fibrosis due to chronic hepatitis C [J]. Liver Int,

2012, 32(4):665-674, DOI. 10, 1111/;. 1478-3231. 2011. 02686. x.

i H H #1:2017-04-18)

AL HE &8



mr Hepalology 30l

Hepatology Research 2017

Original Article

doi: 10.1111/hepr.12982

Changes in serum chitinase 3-like 1 levels correlate with
changes in liver fibrosis measured by two established
quantitative methods in chronic hepatitis B patients following

antiviral therapy

Lin Wang, Tianhui Liu, Jialing Zhou, Hong You and Jidong Jia

Liver Research Center, Beijing Friendship Hospital, Capital Medical University, National Clinical Research Center for

Digestive Disease, Beijing, China

Aim: Non-invasive assessment of changes in liver fibrosis is still
an unmet medical need in the era of antiviral therapy. Therefore,
we explore whether chitinase 3-like 1 (CHI3L1), a serum marker
of liver fibrosis, can be used as a non-invasive surrogate marker
of fibrosis change during treatment.

Methods: We correlated serum CHI3L1 levels with liver tissue
collagen proportionate area (CPA) in a cohort of 131 patients
with chronic hepatitis B (CHB) receiving entecavir-based antiviral
therapy for 78 weeks. In addition, we compared this marker with
the liver stiffness measurement (LSM). Multivariate regression
analyses were undertaken to determine the clinical factors
associated with the CHI3L1 levels.

Results: Before treatment, correlation analysis showed that
there were positive correlations between CHI3L1 levels and
the CPA (r=0.351, P <0.001), and between CHI3L1 and LSM
(r=0.412, P < 0.001). After 78 weeks treatment, serum CHI3L1

levels decreased compared with that at baseline (87.8 vs.
69.6 ng/mL, P < 0.001), and CHI3L1 levels were also correlated
with CPA (r=0.293, P=0.001) and LSM (r=0.443, P < 0.001).
Furthermore, there were positive correlations between the
changes in CHI3L1 and CPA (r=0.366, P<0.001), and changes
in CHI3L1 and LSM (r=0.438, P<0.001). Multivariate regres-
sion analyses indicated that CPA values were related with
pre- (3=5.450, P=0.019) and post-treatment CHI3L1 levels
(3=7.460, P=0.023).

Conclusions: Chitinase 3-like 1 is not only a useful noninvasive
marker for the assessment of liver fibrosis in CHB patients before
treatment, but also a potential useful marker for monitoring the
change in liver fibrosis during therapy.

Key words: antiviral therapy, chitinase 3-like 1, liver fibrosis,
noninvasive, quantitative measurement of liver fibrosis

INTRODUCTION

MPROVEMENT OF LIVER fibrosis is an important goal
for chronic hepatitis B (CHB) patients receiving antiviral
therapy, therefore, dynamic assessment of liver fibrosis
changes is important."? Although liver biopsy is still the
gold standard to assess liver fibrosis, its invasive nature
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prevents it from wide use. There is an unmet clinical need
to develop a non-invasive and quantitative measurement
for liver fibrosis change during treatment.

Chitinase 3-like 1 (CHI3L1) is a member of the
chitinase-like protein family.> Previous studies have
shown that CHI3L1 levels are significantly correlated with
stages of fibrosis in CHB patients.* However, whether
changes in CHI3L1 levels can be used to monitor fibrosis
changes in CHB patients during antiviral therapy has not
been assessed.

In this study, we correlated the serum CHI3L1 levels
with the collagen proportionate area (CPA) and liver stiff-
ness measurement (LSM) in CHB patients who received
antiviral therapy. We wanted to evaluate the change in
CHI3L1 levels pre- and post-therapy as a practical and
non-invasive method to monitor fibrosis changes.
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METHODS

Study cohort

CLINICAL DATA AND serum samples were from
patients of the “Regression Study” (ClinicalTrials.
gov: NCT01938781 and NCT01938820). A total of 131
CHB patients were included in the final analysis. Inclusion
criteria were: men or women aged 18 to 65 years; hepatitis
B surface antigen positivity for at least 6 months and
treatment-naive before screening; serum hepatitis B virus
(HBV)-DNA load >20000 IU/mL in hepatitis B envelope
antigen (HBeAg)-positive patients or 2000 IU/mL in
HBeAg-negative patients at baseline (prior to antiviral ther-
apy). Exclusion criteria included: co-infection with hepati-
tis C or HIV; presence of chronic liver disease caused by
other etiologies; decompensated cirrhosis; a-fetoprotein
>100 ng/mlL; creatinine >1.5 times the upper limit of nor-
mal; malignant tumors; severe disease of heart, lung, kid-
ney, brain, blood system, or other organs; and pregnant
or lactating women.

All patients received entecavir (ETV)-based treatment
after initial evaluation of liver fibrosis by biopsy, and a
second liver biopsy was carried out after 78 weeks of
treatment.

Collection of clinical data and LSM

Demographic data were collected at baseline (0 week), and
clinical laboratory tests were carried out at baseline and at
26-week intervals including blood cell counts, HBV-DNA
level, serological markers of HBV, liver biochemical
parameters, a-fetoprotein, prothrombin time, liver ultra-
sonography, and LSM.

Transient elastography (FibroScan; Echosens, Paris,
France) was undertaken on the right lobe of the liver
through the right intercostal according to previously de-
scribed methods.” The obtained value (LSM) was reported
as the median of 10 successful measurements. The results
were expressed in kPa. The values with at least 10 valid
measurements, with success rates >60% and with the inter-
quartile range over the median ratio less than 30%, were
considered reliable, and were included in the analysis.

Histological assessment

Liver tissues were formalin fixed and paraffin embedded.
The specimens were then stained with hematoxylin-eosin,
reticulin, and Masson trichrome and independently
evaluated by two experienced hepatopathologists.
Necroinflammation was assessed by the modified histol-
ogy activity index grading system (scale, 0-18) and fibrosis
was staged with the Ishak fibrosis scores (scale, 0-6).

© 2017 The Japan Society of Hepatology

37

Hepatology Research 2017

Assessment of CPA

The CPA was measured on unstained liver sections by a
second-harmonic generation (SHG)/two-photon-excited
fluorescence  (TPEF)  technology-based microscope
(Genesis200; HistoIndex, Singapore). The specimen was
scanned to generate multiple adjacent images under a
20x objective and the images stitched together to form a
whole slide picture (Fig. S1). The SHG microscope was
used to visualize collagen and TPEF was used to identify
cell structures. After normalizing the SHG signals by the
area percentage of TPEF signals, the CPA was computed.®”

Serum CHI3L1 measurement

The concentrations of serum CHI3L1 were measured using
CHI3L1 ELISA kits (Hangzhou Proprium Biotech,
Hangzhou, China) according to the manufacturer’s
instructions.* A standard curve was generated using the
four-parameter logistic regression model. The correlation
coefficients of CHI3L1 ELISA kits were >0.9900. The
detection limit was 0.035 ng/mL. The measurement for our
study passed the quality control with the values of the low
and high concentration quality control samples at 0.14-
0.15 ng/mL and 0.57-0.66 ng/mlL, respectively, within
the ranges for the low concen-tration (0.12-0.18 ng/mL)
and high concentration (0.48-0.72 ng/mL) values of
quality control. The intra-assay coefficients of the
variations of the low and high concentration samples were
4.5% and 4.1%, respectively.

Statistical analysis

Normally distributed continuous variables were
expressed as means with standard deviations and com-
pared by Student’s t-test. Non-normally distributed vari-
ables were reported as medians with interquartile ranges
and compared by the Wilcoxon matched-pairs test and
the Kruskal-Wallis test. Categorical variables were com-
pared using the y’-test and Fisher's exact test. Correla-
tions between parameters were undertaken using
Spearman’s rank test. The performance of biomarkers
to identify liver fibrosis was assessed by receiver operat-
ing characteristic (ROC) curve analysis. Linear regression
analyses were used to determine the associated factors
with pre- and post-treatment CHI3L1 levels. A P-value
<0.05 was considered statistically significant. Statistical
analyses were undertaken using spss version 20.0 (IBM,
Chicago, IL, USA).

Ethics

Our study was registered with ClinicalTrials.gov
(registration nos. NCI01938781 and NCT01938820).
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The study protocol was approved by the Ethics Committee
of Beijing Friendship Hospital (Beijing, China). The study
was carried out in accordance with the ethical guidelines of
the 1975 Declaration of Helsinki (2008 revision). Written
informed consent was provided by all patients.

RESULTS

Baseline characteristics and virologic and
histological changes after 78 weeks of
treatment

TOTAL OF 131 patients were included in the final

analysis (Fig. 1). Most of the patients were men
(78%), the mean age was 39 years, and 71% of patients
were HBeAg-positive. The median level of baseline serum
HBV-DNA was 6.7 log IU/mL. After 78 weeks of treatment,
71% patients (93/131) achieved virologic and biochemi-
cal responses, the HBV-DNA was undetectable (virologic
response) in 85% of patients, and alanine aminotransfer-
ase (ALT) and aspartate aminotransferase (AST) levels
declined to the normal range (biochemical response) in
83% of patients. Histological assessment also showed
improvement in necroinflammation and fibrosis (Table 1).
The median inflammation score decreased from 7 to 4
(P<0.001) and the proportion of patients with pro-
nounced necroinflammation (>10) decreased from
18.3% (24/131) at baseline to 2.3% (3/131) at week 78
(Fig. 2a). Fibrosis scores decreased in 40% of patients
(53/131), and the proportion of patients with significant

Patients underwent liver biopsy before and
after 78 weeks antiviral therapy

n=183

Inadequate liver biopsy at
baseline or week 78

n=15

A 4

v

Patients with eligible paired liver biopsy
n=168

Inadequate serum at
baseline or week 78

n=37

A 4

v
Patients underwent CHI3L1 test were
included in the analysis

n=131

Figure 1 Flowchart for the study of changes in liver fibrosis and
serum chitinase 3-like 1 levels following antiviral therapy in a
cohort of 131 patients with chronic hepatitis B.

CHI3L1 during antiviral treatment in CHB 3

fibrosis and more (Ishak >2) decreased from 95.4%
(125/131) to 86.2% (113/131) (Fig. 2b). The serum
CHI3L1 level also declined significantly compared with
that at baseline (median, 87.8 vs. 69.6 ng/mL, P < 0.001)
(Fig. 2c). There was no significant difference in CPA,
CHI3L1, or LSM between patients with biochemical and
virologic response and non-responders (Table S1).

Baseline CHI3L1 levels correlated with CPA and
LSM

At baseline, the median levels of CHI3L1 were high, which
increased with fibrosis stage and were highest in cirrhosis
patients (Fig. S2). The correlation analysis found positive
correlations between serum CHI3L1 levels and CPA
(r=0.351, P<0.001) (Fig. 3a), and between CHI3L1
levels and LSM (r=0.412, P<0.001) (Fig. 3b). The ROC
curve analysis revealed that the performance of CHI3L1
in identifying significant liver fibrosis (Ishak>F2) was
superior to APRI and FIB-4 with a cut-off value of
60.9 ng/mL (area under the curve=0.86) (Fig. S3).

Post-treatment CHI3L1 levels also were
correlated with CPA and LSM

After 78 weeks treatment, CPA decreased from baseline
3.39% to post-treatment 2.42% (P<0.001) (Fig. 4a),
and the LSM from 10.3kpa to 6.3 kPa (P < 0.001) (Fig. 4b).
There were positive correlations between serum CHI3L1
levels and CPA (r=0.293, P=0.001) (Fig. 4c), and be-
tween serum CHI3L1 levels and LSM (r=0.443,
P<0.001) (Fig. 4d).

Changes in CHI3L1 levels after treatment
positively correlated with changes in CPA and
LSM

We found there were positive correlations between the
changes in CHI3L1 levels and the changes in CPA and
LSM pre- and post-treatment. The correlation coefficient
was 0.366 between CHI3L1 and CPA, and 0.438 between
CHI3L1 and LSM. Both correlations had statistical signifi-
cance (P<0.001) (Fig. 5).

Factors associated with CHI3L1 levels using
multivariate regression analysis

The multivariate linear regression analysis showed that the
factors associated with pretreatment CHI3L1 levels were fi-
brosis severity assessed by CPA measurement and inflam-
matory score. There were positive correlations between
CPA, inflammatory score, and CHI3L1 levels (f=5.450,
P=0.019; B=2.864, P=0.047) (Table 2). In the multivari-
ate analysis, the factors contributing to post-treatment
CHI3L1 levels were treatment drugs and CPA values. The

© 2017 The Japan Society of Hepatology
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Table 1 Characteristics of the study cohort of chronic hepatitis B patients at baseline and after 78 weeks of antiviral therapy

Parameter Baseline (n=131) Week 78 (n=131) P-value
Age, years 39+10 - -
Male gender, n (%) 102 (78) - -
HBeAg positive, n (%) 93 (71) - -
HBV-DNA, log IU/ml 6.7 (2.1) 0 (0) <0.001
ALT, U/L 83 (106) 25 (18) <0.001
AST, U/L 53 (57) 24 (11) <0.001
Albumin, g/L 42.1+49 448 +3.5 <0.001
Bilirubin, mg/dL 0.8 (0.6) 0.73 (0.39) <0.001
Prothrombin time, s 12.7+1.5 11.6+1.6 <0.001
Platelets, x10°/L 170 £ 55 160 +53 0.045
CH3L1, ng/mL 87.8 (70.9) 69.6 (42.2) <0.001
LSM, kPa 103 (7.4) 6.3(2.7) <0.001
Histology

Necroinflammation, 0-3 / 4-6 / 7-9 />10, n 14/50/43/24 51/77/3/0 <0.001

Fibrosis, 0-2 / 3-4 / 5-6, n 37/76/18 54/63/14 <0.001

-, not applicable; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CHI3L1, chitinase 3-like 1; HBeAg, hepatitis B envelope anti-

gen; HBV, hepatitis B virus; LSM, liver stiffness measurement.
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Figure 2 Histological change and serum chitinase 3-like 1 (CHI3L1) change in patients with chronic hepatitis B after 78 weeks of
antiviral therapy. The proportion of patients with pronounced necroinflammation (>10) and significant fibrosis (Ishak score >2)
decreased on post-treatment (a,b), and the CHI3L1 levels also decreased significantly (P < 0.001) (c). **P < 0.001. [Color figure can

be viewed at wileyonlinelibrary.com|

CPA values had positive correlation with post-treatment
CHI3L1 levels (B=7.460, P=0.023). Some patients
received ETV and pegylated interferon (peg-IFN)
combination treatment (n=19). The CHI3L1 levels in
patients who received the combination treatment were
higher than in those treated with ETV alone (n=112)
(74.2 vs. 61.5 ng/mL).

© 2017 The Japan Society of Hepatology
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DISCUSSION

N THIS STUDY, we found that serum CHI3L1 levels not
only had positive correlations with CPA and LSM before
treatment, they also had correlations at 78-week post-
treatment. More importantly, the changes in CHI3L1 levels
after treatment also were correlated with the changes in
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Figure 4 Correlations between chitinase 3-like 1 (CHI3L1) levels and liver tissue collagen proportionate area (CPA) and liver stiffness
measurement (LSM) in patients with chronic hepatitis B after 78 weeks of antiviral therapy. (a,b) Changes in CPA (a) and liver stiffness
measurement (LSM) (b) before and after treatment. There were significant decreases in CPA values and LSM after treatment compared to
that at baseline (P < 0.001). (c,d) CHI3L1 levels had positive correlations with CPA (r=0.293, P=0.001) (c) and LSM (r=0.443,

P <0.001) (d) at 78 weeks.

CPA and LSM. Multivariate linear regression analyses
further indicated that there were positive correlations
between CPA value and CHI3L1 level pre- and post-
treatment. Our results suggested that serum CHI3L1
would be used as a potential surrogate marker for moni-
toring fibrosis change during treatment.

Also known as YKL-40, CHI3L1 belongs to the chitinase
family but lacks chitinolytic activity, which highly enriches

in the liver.®” It was reported to act as a growth factor for
fibroblasts and to be involved in matrix remodeling.'®"!
Serum CHI3L1 levels were reported to be associated with
the severity of liver fibrosis caused by non-alcoholic fatty
liver disease, schistosomiasis, hepatitis C virus, and
HBV.'?"!° Interestingly, we found that CHI3L1 levels de-
clined in CHB patients with liver fibrosis regression after
antiviral therapy, whereas it had been reported that

© 2017 The Japan Society of Hepatology
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Figure 5 Correlations between changes of chitinase 3-like 1 (CHI3L1) and changes in the liver tissue collagen proportionate area (CPA)
and liver stiffness measurement (LSM) in patients with chronic hepatitis B pre- and post-treatment with entecavir. The correlation anal-
ysis found positive correlations between changes in CHI3L1 levels and changes in CPA (r=0.366, P < 0.001) (a) and LSM (r=0.438,

P <0.001) (b) after 78 weeks of antiviral therapy.

Table 2 Linear regression analysis for factors associated with chitinase 3-like 1 level in patients with chronic hepatitis B infection

Univariate analysis

Multivariate analysis

B SE P-value B SE P-value

Baseline

Age, per year 0.992 0.695 0.156

Gender, female —1.580 18.043 0.930

HBV-DNA, per log IU/L —-1.913 5.154 0.711

ALT, per U/L 0.314 0.239 0.072

AST, per U/L 0.766 0.668 0.093

Albumin, per g/L —3.400 1.537 0.029 —2.148 1.784 0.231

Bilirubin, per pumol/L 0.306 0.533 0.568

Inflammatory score 7.747 2.462 0.002 2.864 3.031 0.047

CPA, % 7.171 2.031 0.001 5.450 2.291 0.019
Week 78

Biochemical response —6.751 17.600 0.702

Virologic response —3.298 17.608 0.852

Treatment, ETV : ETV + peg-IFN —-7.091 1.796 0.006 —-6.939 1.896 0.011

Albumin, per g/L —0.193 0.126 0.129

Bilirubin, per umol/L 0.787 1.163 0.500

Inflammatory score 11.836 5.337 0.028 7.904 5.579 0.159

CPA, % 11.138 3.288 0.008 7.460 3.427 0.023

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CPA, collagen proportionate area; ETV, entecavir; HBV, hepatitis B virus; peg-IFN,

pegylated interferon; SE, standard error.

CHI3L1 levels were significantly increased in chronic hep-
atitis C patients with risk of disease progression.'®!”

To obtain further histological information, we applied
the automatic CPA measurement as the gold standard, in-
stead of the conventional histological scoring algorithm,
in evaluating fibrosis changes.'®~?? This new technology
enables CPA measurement to be carried out on un-
stained liver sections automatically using a SHG/TPEF
technology-based microscope. It could maximize the

© 2017 The Japan Society of Hepatology
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reproducibility by avoiding staining procedures and
operator variances.®”

Collagen proportionate area, the quantitative fibrosis
measurement, was more sensitive than the semiquantita-
tive Ishak scoring system in evaluating fibrosis change af-
ter treatment. Our recent study found that fibrosis
reversal had taken place, as assessed by the new CPA clas-
sification, in many patients who were assessed as having
post-treatment non-regressive fibrosis measured by Ishak
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score.”> According to the new assessment, we found that
the levels of CPA and CH3L1 were lower in patients with
regressive liver fibrosis than that in progressive fibrosis
patients (Table S2), and the difference in CPA had statis-
tical significance.

We also compared serum CHI3L1 levels with LSM,
which is widely used as a non-invasive method for
assessing liver fibrosis.”*">° Previous studies have shown
that the LSM declined significantly in CHB patients after
antiviral treatments. However, whether dynamic changes
of LSM could be used to monitor the changes in liver fibro-
sis remained controversial.>’ >’ We found that changes in
CHI3L1 levels were correlated with the changes in LSM,
suggesting both of them could be used for monitoring
dynamic changes of liver fibrosis in CHB patients during
antiviral therapy.

There were some confounding factors that influenced
the CHI3L1 in evaluating fibrosis.  Liver
necroinflammation was an important influencing factor
on the CHI3L1, especially at baseline. However, ALT
and AST were not related with CHI3L1 in this study;
the reason might be that many patients received tradi-
tional Chinese medicines before antiviral treatment that
could decrease aminotransferase. The treatment was an
important confounding factor influencing the post-
treatment CHI3L1 levels. Although the CHI3L1 levels
declined in both the ETV and peg-IFN combination
treatment group (from 82.7 to 74.2 ng/mL) and the
ETV monotherapy group (from 97.8 to 61.5 ng/mL),
the reduction from pre- to post-treatment was greater
in the monotherapy group than that in the combination
treatment group (26.5 vs. 8.0 ng/mL).

There were several limitations in the present study. The
number of patients was limited. However, the sample size
of our study was large enough to undertake the statistical
analyses, and the power was sufficient. Additionally,
changes in histological measurements might lag behind
the biochemical changes, thus introducing bias for the
comparisons.

In conclusion, we found that changes in serum
CHI3L1 levels were correlated with changes in quanti-
tative assessments of liver fibrosis (CPA and LSM)
among CHB patients who received antiviral therapy.
It indicated that CHI3L1 change could be a potentially

liver

useful, non-invasive method to monitor fibrosis
changes.
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SUPPORTING INFORMATION

DDITIONAL SUPPORTING INFORMATION may be
found online in the supporting information tab for
this article.

Figure S1 Liver tissue collagen proportionate area (CPA)
measurement using second-harmonic generation (SHG)/
two-photon-excited fluorescence (TPEF) microscopy. Col-
lagen and hepatocyte morphology were detected by SHG
and TPEF signals, denoted in green and red, respectively.
CPA was the ratio (percentage) of area of fibrillar collagen
to its corresponding liver tissue.

Figure S2 Chitinase 3-like 1 (CHI3L1) levels in patients
with different liver fibrosis stages (1-6, Ishak scores) at
baseline. CHI3L1 levels increased with fibrosis stages and
there were significant differences among patients with
mild fibrosis (1), significant fibrosis (2/3), severe fibrosis
(4), and cirrhosis (5/6). *P < 0.05; **P < 0.01.

Figure S3 Areas under the receiver operating characteristic
curves of chitinase 3-like 1 (CHI3L1), aspartate amino-
transferase to platelet ratio index (APRI), Fibrosis-4
(FIB-4) index, and platelets were: 0.86, 0.78, 0.51,
and 0.34, respectively, for diagnosing pre-treatment
Ishak score >F2; 0.65, 0.59, 0.62, and 0.33, respec-
tively, for Ishak >F3; 0.70, 072, 0.74, and 0.21, respec-
tively, for Ishak >F4; and 0.67, 0.69, 0.68, and 0.23,
respectively, for Ishak >F5. CHI3L1 showed signifi-
cantly better performance for diagnosis of Ishak >F2
than other markers. Cut-offs for diagnosing >F2, >F3,
>F4, and >F5 were 60.9 ng/mL (sensitivity, 82%; spec-
ificity, 83%), 73.8 ng/mL (sensitivity, 53%; specificity,
70%), 91.9 ng/mL (sensitivity, 69%; specificity, 67%),
and 106.9 ng/mL (sensitivity, 61%, specificity, 70%),
respectively.

Table S1 Characteristics of patients with chronic hepatitis
B classified as biochemical and virologic responders or
non-responders at pre- and post-treatment with entecavir
Table S2 Characteristics of markers according to the new fi-
brosis activity classification of “P-I-R” (Progressive - Inde-
terminate - Regressive) pre- and post-treatment with
antivirals
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CHI3L1 Is a Liver-Enriched, Noninvasive Biomarker
That Can Be Used to Stage and Diagnose
Substantial Hepatic Fibrosis
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Abstract

Liver fibrosis is a major disease that is primarily caused by hepatitis virus infections, toxins, and alcohol abuse.
Diagnosing and staging liver fibrosis are critical in guiding the treatment of chronic liver diseases, according to
several international and Chinese guidelines. Liver biopsy is the gold standard for diagnosing and staging liver
fibrosis, but it is invasive and suffers from several limitations. Consequently, much research has focused on the
search for a noninvasive serum biomarker of fibrosis. In this study, we determined that Chitinase 3-like 1
(CHI3L1) is an abundantly expressed liver gene whose expression is highly enriched in the liver. We then
compared serum levels of CHI3L1 among patients with various stages of liver fibrosis, as determined by liver
biopsies, and found that the CHI3L1 levels were able to differentiate early stages of liver fibrosis (S0-S2) from
late stages of liver fibrosis (S3—S4). We further showed that CHI3L1 is a good marker of substantial fibrosis,
with areas under the ROC curves (AUCs) of 0.94 for substantial (S2, S3, S4) fibrosis and 0.96 for advanced
(S3, S4) fibrosis. Finally, we showed that CHI3L1 is superior to hyaluronic acid (HA), type III procollagen
(PCIID), laminin (LN), and type IV collagen (CIV), which are also serum biomarkers of liver fibrosis, in

identifying advanced liver fibrosis in patients with HB V-related liver fibrosis in China.

Introduction
LIVER FIBROSIS IS A WOUND-HEALING response of liver
cells to chronic injuries caused by viral infections, tox-
ins, alcohol abuse, and other causes. Liver fibrosis is ac-
companied by a constant process of destruction and repair of
the hepatic parenchyma that is caused by inflammation, and it
often results in serious complications, including portal hy-
pertension and liver failure. It can also give rise to hepato-
cellular carcinoma (HCC). Liver fibrosis can lead to cirrhosis,
which is defined as the end stage of liver fibrosis (Pellicoro
et al., 2014).

In China, hepatitis B is the major cause of injuries leading
to liver fibrosis and cirrhosis (Liao et al., 2013; Xu et al.,
2003). Cirrhosis is a important factor in the development of
HCC because the cumulative 5-year risk of developing HCC

in patients with cirrhosis ranges from 5% to 30%, depending
on several factors, including the presence and stage of un-
derlying liver disease, ethnicity, age, gender, and the dura-
tion of exposure to primary hepatotropic viruses. Therefore,
staging liver fibrosis before cirrhosis develops could allow
early-stage liver fibrosis to be detected soon enough for
potentially curative treatments to be administered.
According to several international and Chinese guidelines
for the treatment of chronic liver diseases, including hepatitis
B virus (HBV) infection, accurate determination of fibrosis
stages is critical for optimizing the timing of antiviral treat-
ment (Asia-Pacific Consensus on Hepatitis B and C, 2000;
National Institutes of Health, 2002). Elevated alanine trans-
aminase (ALT) levels equal to or greater than the upper limit
of normal (ULN) have been used as a major factor in deciding
to initiate antiviral therapy (Chao et al., 2014). Approximately
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one-fifth of patients with ALT levels less than the ULN
have substantial liver fibrosis; these patients would be missed
using ALT alone as the determining factor for initiating
treatment (Chao et al., 2014). Therefore, additional staging
markers are needed.

Liver biopsy is the gold standard for detecting and staging
liver fibrosis (Papatheodoridis and Manolakopoulos, 2009).
However, liver biopsy is a complicated procedure that in-
cludes sampling and staining tissue and having the resulting
slides read by a pathologist. Liver biopsies may also cause
complications, including post-procedure pain or bleeding, sam-
pling error (as only 1/50,000th of the liver is sampled), and
inter- and intra-pathologist variability (Afdhal, 2004). Over
the past decades, many noninvasive techniques have been
developed with the aim of either replacing liver biopsies or
conducting pre-screening for liver biopsies.

These techniques rely on either of two distinct but com-
plementary approaches: a non-biomarker-based approach,
which relies on the measurement of liver stiffness using
elastography-based technologies, such as the widely pro-
posed FibroScan method; or a serum marker-based approach,
which relies on the quantification of biomarkers of fibrosis
in serum.

The FibroScan method, which uses transient elastography,
reliably detects cirrhosis in most HBV and HCV patients;
however, it cannot be used in approximately 20% of HBV
and HCV patients, particularly those with ascites and obesity,
and its performance varies with operator experience (Degos
et al., 2010). For serum biomarkers, the most common test
platforms are the FibroTest (Biopredictive, Houilles, France)
and the ActiTest (Biopredictive), both of which use a com-
bination of levels of alpha-2-macroglobulin, alpha-2 globulin
(or haptoglobin), gamma globulin, apolipoprotein A1, gamma-
glutamyl transpeptidase (GGT), or total bilirubin, and age
and sex information to generate their results. Together, these
tests are marketed as the HCV-FibroSure Test (LabCorp,
Burlington, NC); this test is the most widely used test for the
assessment of fibrosis.

However, this test does not stage liver fibrosis well. Rossi
et al. (2003) investigated FibroTest scores of 125 patients
with hepatitis C and found that 57 of these patients had
FibroTest scores either less than 0.1 (indicating no fibrosis) or
greater than 0.6 (indicating substantial fibrosis). They found
that 6 (18%) of 33 patients who had FibroTest scores less than
0.1 and were therefore deemed unlikely to have fibrosis in
fact had substantial fibrosis. Conversely, five (21%) of the 24
patients with scores greater than 0.6 who were thus predicted
to be likely to have substantial fibrosis instead had mild fi-
brosis. The investigators found large discrepancies between
the test results and the biopsy results in approximately 19% of
the patients. The discordance between the FibroTest and liver
biopsy results was similarly reported to be 28.7% (154 of 537
patients) by Poynard et al. (2012). Therefore, serum markers
that can be used to stage fibrosis with greater accuracy are
needed.

Chitinase 3-like 1 (CHI3L1, also known as YKL-40) is a
member of the chitinase family but lacks chitinase activitys; it
encodes a glycoprotein that is a member of the 18-glycosyl
hydrolase family (Libreros et al., 2013). The function of this
glycoprotein is unclear, but it has been hypothesized that
CHI3LI plays a role in both inflammation and tissue remodel-
ing (Libreros et al., 2013). Immunohistochemical analysis
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demonstrated positive staining for CHI3L1 antigens in areas
with fibrosis, particularly areas with active fibrogenesis.
Several studies have established that CHI3L1 is a biomarker
for alcoholic cirrhosis (Johansen et al., 1997) and HCV-
induced liver fibrosis (Johansen et al., 2000; Tran et al., 2000;
Nojgaard et al., 2003). However, to our knowledge, the
performance of CHI3L1 in staging or diagnosing HBV-
related liver fibrosis has not been systematically analyzed.
Our laboratory seeks to identify novel biomarkers of liver
fibrosis in the Chinese population. Therefore, we sought to
determine whether CHI3L1 is a good biomarker for staging
or diagnosing liver fibrosis in HBV-related chronic liver
disease in the Chinese population.

Materials and Methods
Patients

Ninety-eight consecutive treatment-naive chronic hepati-
tis B (CHB) patients who had undergone percutaneous liver
biopsies were prospectively enrolled in this study in the
Department of Infectious Diseases of the Zhejiang Provincial
People’s Hospital from June 2012 through December 2013.
The inclusion criteria for the study were age greater than 20
years, positive HBsAg for more than 6 months, HBV DNA
levels >10° copies/mL, and ALT levels <2 ULN (ULN=
50U/L); ALT and HBV DNA levels were monitored monthly
for 6 months prior to enrollment to ensure that ALT levels <2
ULN and HBV DNA levels >10* copies/mL were main-
tained. Exclusion criteria for the study included co-infection
with human immunodeficiency virus (HIV) or hepatitis C virus
(HCV), compensated or decompensated liver cirrhosis, alco-
holic liver diseases, non-alcoholic fatty liver disease (NAFLD),
autoimmune liver diseases, chronic liver diseases due to other
causes, renal insufficiency, inadequate biopsy samples, and
incomplete clinical data. In addition, 146 serum samples
from stage S3 and S4 hepatic fibrosis patients were collected
at three other major hospitals in Hangzhou, China, including
the First Affiliated Hospital of College of Medicine, the
Second Affiliated Hospital of College of Medicine of Zhe-
jiang University, and Sir Run Run Shaw Hospital. Informed
consent was obtained from each patient, and the study pro-
tocol complied with the ethical guidelines of the 1975 De-
claration of Helsinki. The study was approved by the
institutional review board of each hospital.

Enzyme-linked immunosorbent assay (ELISA)

CHI3L1 ELISA kits (Hangzhou Proprium Biotech Co.
Ltd, Hangzhou, Zhejiang, China) were used to quantify the
serum CHI3L1 levels.

Liver biopsies and the staging of fibrosis

The staging of fibrosis was confirmed by liver biopsies.
Percutaneous liver biopsies were conducted using an 18G
biopsy needle guided by ultrasound. The specimens were
then fixed, paraffin-embedded, and stained with hematoxylin
and eosin (HE). For the diagnosis of fibrosis, 1.5-2.5 cm of
liver tissue containing at least six portal tracts was used in
analyses. Liver fibrosis stages (S0-S4) were determined using
Scheuer’s classification system by a single pathologist who
was blinded to the patients’ clinical data.
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Statistical analysis

All statistical analyses were performed using MedCalc
software (Version 13.0.0.0). Differences between groups
were tested using the Mann-Whitney U-test (for continuous
variables and for nonparametric analyses for independent
samples). Comparative ROC analyses were conducted using
a nonparametric approach previously described by Delong
et al. (1988).

Results

CHI3L1 is an abundantly expressed liver gene whose
expression is highly enriched in the liver

Under normal physiological conditions, CHI3L1 expres-
sion is low or absent in many tissues (Johansen, 2006). For
example, CHI3L1 expression is absent in normal human
monocytes but is strongly induced during the late stages of
human macrophage differentiation (Krause et al., 1996). How-
ever, a systematic analysis of CHI3L1 expression in multiple
tissues was not conducted before the arrival of high-throughput
technologies. In 2008, Dezso et al. performed a microarray
analysis of 32 human tissues and found that the highest levels
of expression of CHI3L1 were observed in the liver, out of all
of the 32 tissues that were tested (data not shown). However,
because the dynamic range of microarrays is limited, we did
not initially appreciate that CHI3L1 is, in fact, highly ex-
pressed in liver tissue.

RNA sequencing (RNA-seq), which is capable of detecting
expression levels over a much greater dynamic range than is
possible using older technologies, such as cDNA arrays, al-
lows CHI3L1 expression levels to be determined over a large
dynamic range in many normal human tissues. The data from
the Illumina Human Body Map 2.0 (http://genomicdbdemo
.bxgenomics.com/) show that CHI3L1 is expressed at a level
of 552 FPKM (fragments per kb of exon per million fragments
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mapped) in the liver, whereas it is expressed at very low levels
(median 15, with a maximum of 36 in the kidney) in all of the
other 15 tissues for which data are available, including all of
the major organs: the heart, brain, breast, colon, kidney, lung,
muscle, lymph node, and thyroid, and leukocytes (Fig. 1).

The level of expression of CHI3L1 in the liver is 15.3-fold
(compared with that in the kidney) to 276-fold higher (com-
pared with that in the heart) than its level of expression in
other tissues. These data suggest that CHI3L1 is a liver-
specific or a highly liver-enriched gene and that it is also
abundantly expressed. At 552 FPKM, the level of expression
of CHI3L1 is even higher than that of PSA (KLK3), at 349
FPKM in the [llumina Human Body Map 2.0 database, and
PSA is a prostate-specific gene and a marker of prostate
cancer. The establishment of CHI3L1 as an abundantly ex-
pressed gene whose expression is enriched in the liver is im-
portant because this corrects the misconception that CHI3L1 is
expressed at similar levels in many tissues and thus should
alleviate concerns that it might not be a good marker of liver
disease (Johansen, 2006).

CHI3L1 is able to differentiate early stages
of liver fibrosis (S0-S2) from late stages
of liver fibrosis (S3-S4)

To investigate whether CHI3L1 was able to differentiate
early stages of liver fibrosis from late stages of liver fibrosis,
we compared serum levels of CHI3L1 and stages of liver
fibrosis determined from liver biopsies from 39 patients with
stage SO liver fibrosis, 36 patients with stage S1 liver fibrosis,
16 patients with stage S2 liver fibrosis, and 153 patients with
stage S3 or S4 liver fibrosis. Representative images of staining
of liver biopsy tissue for different stages of fibrosis are shown
in Figure 2. All of the raw data used in this analysis are shown
in Supplementary Table S1 (supplementary material is avail-
able online at www .liebertpub.com/omi). We calculated the

600

500

400

300

200

100

2 e e > o O 2
-.a"’C\ \.’é& ‘3(‘} ()b @(“b Q:"“Q QO\ C{\‘-
& ¥ kS P X \(\\\ (s}
& \6\ 2 e S*'
Q B @Q &
é@r B
&

FIG. 1.

CHI3L1 expression levels among 16 normal human tissues, as determined using

the Illumina Human Body Map 2.0 (http://genomicdbdemo.bxgenomics.com/). Y-axis:
FPKM (fragments per kb of exon per million fragments mapped) values. Each column
represents a different tissue.
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FIG. 2. Pathology staining of liver biopsies at different stages of fibrosis. Representative
images of liver fibrosis at stages SO, S1, S2, and S4, clockwise from the top left.

median levels of CHI3L1 in serum samples from patients
with different pathological stages of fibrosis (Table 1). We
found little difference in the expression level of CHI3L1
between patients with no fibrosis (SO) and those with the
earliest stage of fibrosis (S1); therefore, we grouped patients
with early-stage fibrosis (S0-S1) together. The median ex-
pression level of CHI3L1 was 46.51 ng/mL, and the mean
expression level of CHI3L1 was 64.79 ng/mL in the SO-S1
group of patients.

In patients with stage S2 fibrosis, the median and mean
CHI3L1 levels increased to 69.48 ng/mL and 130.04 ng/mL,
respectively. In patients with stage S3-S4, the median and
mean CHI3L1 levels further increased to 188.88 ng/mL and
277.46 ng/mL, respectively. A box-and-whisker plot for the
three groups of patients with different stages of liver fibrosis

TaBLE 1. MEDIAN LEVELS OoF CHI3L1 EXPRESSION
IN PATIENTS WITH DIFFERENT STAGES OF LIVER FIBROSIS

Stage N Median 95% CI

SO 39 46.150 38.692-55.790
S1 36 47.050 35.963-55.396
S2 16 69.475 57.165-125.007
S3-S4 153 188.800 169.408-228.196
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is shown in Figure 3A. We found that the difference in
CHI3L1 levels between the group of patients with stage
S0-S1 fibrosis and the group of patients with stage S2 fibrosis
patients is highly statistically significant (p=0.0015, Mann-
Whitney U-test, two-tailed). We also found a highly statis-
tically significant difference (p=0.0002, the Mann-Whitney
U-test, two-tailed) between the group of patients with stage
S2 liver fibrosis and those with stage S3-S4 liver fibrosis.
Thus, we found that serum CHI3L1 levels could differentiate
between early-stage (SO-S1), middle-stage (S2), and late-
stage (S3—4) liver fibrosis in patients with HBV-related liver
fibrosis in China.

CHI3L1 is a diagnostic marker
of substantial or advanced liver fibrosis

Determining whether substantial fibrosis, defined as fibro-
sis at stages greater than or equal to S2 (i.e., stage S2, S3,
or S4 fibrosis), in chronic HBV patients is critical for guid-
ing the prognosis and treatment of patients with hepatitis
B (Asia-Pacific Consensus on Hepatitis B and C, 2000; Na-
tional Institutes of Health, 2002). Encouraged by our finding
that CHI3L1 is a good marker for staging fibrosis, we sought
to determine whether CHI3L1 is a good marker for identi-
fying substantial fibrosis. ROC curve analysis produced areas
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FIG. 3. Analysis of CHI3L1 as a staging and diagnostic
marker for liver fibrosis. (A) Box-and-whisker plots of CHI3L1
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(B) ROC curve analysis for substantial fibrosis (S2, S3, S4). (C)
ROC curve analysis for advanced (S3, S4) fibrosis.
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under ROC curves (AUCs) of 0.94 and 0.96 for substantial
(82, S3, S4) fibrosis and advanced (S3, S4) fibrosis, respec-
tively (Fig. 3B—C). CHI3L1 levels differentiated between
substantial and advanced fibrosis with a sensitivity of 94.1%
and a specificity of 87.7% when a criterion of CHI3L1
level >73.4 ng/mL was used to diagnose advanced fibrosis.
We next recruited patients from Sir Run Run Shaw Hospital
(Hangzhou) as a validation set for testing predictions made
using serum CHI3L1 levels. We recruited 168 normal indi-
viduals and 85 advanced (S3, S4) fibrosis patients (Supple-
mentary Table S2). The area under the ROC curve (AUC) for
advanced fibrosis for the validation set is 0.96. The sensitivity
and specificity were 91.8% and 91.7%, respectively, when a
cutoff value of 78.48 ng/mL was used. When using a cutoff
value of 73.4 ng/mL as determined previously, the sensitivity
was 91.76% for the validation set, and the specificity was 87.06%.

Comparison of CHI3L1 and several commonly used
serum markers for diagnosing advanced liver fibrosis

Traditionally, the serum markers hyaluronic acid (HA),
type III procollagen (PCIII), laminin (LN), and type IV col-
lagen (CIV) have been used to diagnose liver fibrosis or
cirrhosis (Rossi et al., 2007). We compared the performance
of CHI3L1 to the performance of these serum fibrosis
markers for the detection of advanced liver fibrosis. We
measured the levels of CHI3L 1 side-by-side with the levels of
these older four markers—HA, PCIII, LN, and CIV—in 36
patients with advanced-stage liver fibrosis and 50 healthy
individuals. All data are presented in Supplementary Table
S3. We conduced a comparative ROC analysis for these 5
markers individually for diagnosing advanced liver fibrosis
(Fig. 4A). CHI3L1 performed the best among the five markers,
with an AUC of 0.99 (Fig. 4B).

Discussion

The correct staging of liver fibrosis is critical for guiding
the treatment of chronic hepatitis. The gold standard for
staging liver fibrosis, the liver biopsy, is an invasive proce-
dure and has many limitations (Motola et al., 2014). First,
only approximately 1/50,000 the volume of the liver is
sampled in a liver biopsy; therefore, a biopsy is unable to
reflect fibrotic changes occurring throughout the entire liver
and hence does not detect cirrhosis in 10%—30% of patients
(Motola et al., 2014). Additional disadvantages include dis-
agreements between pathologists and a risk of complications
that range from mild abdominal pain to severe hemorrhage
and injury to the biliary system (Motola et al., 2014). There-
fore, many investigators are pursuing the development
of noninvasive procedures or tests for staging liver fibrosis or
diagnosing substantial liver fibrosis.

In this study, we showed that CHI3L1 is a marker that is
able to differentiate early-stage fibrosis from late-stage fi-
brosis (Fig. 3A) in HBV-related liver fibrosis patients in
China. Such determinations are critical for guiding the clin-
ical treatment of chronic HBV carriers (Asia-Pacific Con-
sensus on Hepatitis B and C, 2000; National Institutes of
Health, 2002). Adams et al. (2005) sought to create an al-
gorithm that accurately and reliably predicts liver fibrosis
stages among hepatitis C patients based on the levels of
several serum markers and developed a model (HepaScore)
based on bilirubin levels, gamma-glutamyl transferase levels,
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FIG. 4. Comparison of CHI3L1 with four other serum markers for the detection of liver
fibrosis. (A) Comparative ROC analysis of CHI3L1 and four other serum markers, hya-
luronic acid (HA), type III procollagen (PCIII), laminin (LN), and type IV collagen (CIV),

for the detection of advanced liver fibrosis.
five serum markers.

hyaluronic acid (HA) levels, alpha-2-macroglobulin levels, age,
and gender that produced areas under the ROC curves (AUCs)
of 0.85, 0.96, and 0.94 for substantial (S2, S3, S4) fibrosis,
advanced (S3, S4) fibrosis, and cirrhosis (S4), respectively.
We further showed that CHI3L1 is capable of identifying
substantial liver fibrosis (=S2) or advanced liver fibrosis
(>S3; Fig. 3B, C). We showed that CHI3L1 identifies ad-
vanced liver fibrosis in patients with HBV-related liver fi-
brosis in China better than hyaluronic acid (HA), type LI
procollagen (PCIII), laminin (LN), and type IV collagen

(B) AUC (area under the curve) values for the

(CIV), all of which are other serum markers of liver fibrosis
(Fig. 4A, B). Our observations in Chinese patients with HBV-
related liver fibrosis are similar to previous observations in
HCV-related liver fibrosis. Rath et al. (2011) tested the
abilities of many biomarkers, including CHI3L1 (YKL-40),
hyaluronic acid (HA), laminin, C-terminal procollagen I pep-
tide, MMP-9, TIMP-1, TIMP-2, and a complex of MMP-9
and TIMP-1, to detect HCV-related liver fibrosis and found
that CHI3L1 performed the best among the biomarkers
tested.
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Conclusions

We have shown that CHI3L1 is a liver-enriched gene that
may aid in the staging of liver fibrosis and in the diagnosis of
advanced liver fibrosis in chronic HBV patients in China.
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for FM (0.254 and 0.585) and ELF (8.64 and 10.0). In the
lower interval below the 90% sensitivity threshold, negative
predictive value was 88.0% for FM and 86.2% for ELF. In the
higher interval above the 90% specificity threshold, positive
predictive value was 76.6% for FM and 75.2% for ELF. 39.3%
of patients were included in the grey zone between the
two thresholds with FM, versus 45.3% with ELF (p=0.065).
Conclusion: The diagnostic accuracy of FibroMeter'?¢ and
ELF are not significantly different in NAFLD. These two blood
fibrosis tests perform significantly better than simple blood
tests such as FIB4 and NAFLD fibrosis score.
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NIS4 for the Detection of Active Nash (NAS>4)
and Significant Fibrosis (F>2) in 714 Patients
at Risk of Nash: Diagnostic Metrics Are Not
Affected By Age, Sex, Presence of Type 2
Diabetes or Obesity.

Remy Hanf', Stephen A. Harrison?, Pierre Bedossa®, Quentin
M. Anstee?, Vlad Ratziu®, Sven M. Francque®, Zouher Majd’,
Emilie Praca’, Fouad Ben Sudrick’, John Brozek’, Bart Staels’,
Sophie Megnien®, Dean Hum', Suneil Hosmane', Pierre
Chaumat' and Arun J. Sanyal®, (1)Genfit, (2)Pinnacle Clinical
Research Center, San Antonio, TX, USA, (3)Pathology,
Hépital Beaujon, Clichy, France, (4)Institute of Cellular
Medicine, Newcastle University, Newcastle-upon-Tyne, UK,
(5)Hébpital Pitié-Salpétriere and Sorbonne Université, (6)
Department of Gastroenterology and Hepatology, Antwerp
University Hospital, Antwerp, Belgium, (7)Inserm U1011, (8)
Genfit SA, (9)Virginia Commonwealth University

Background: After training of NIS4 (a non-invasive score
combining circulating levels of miR-34a, Alpha2-macroglobulin,
YKL-40 and HbA1c) for the identification of patients with active
NASH and significant fibrosis in the GOLDEN cohort, we have
validated NIS4 performances in an independent population of
patients prospectively screened for inclusion into RESOLVE-
IT. The aim was to validate diagnostic performances of NIS4
in subpopulations of patients sorted according to gender, age
and concomitant diseases like type-2 diabetes or obesity.
Diagnostic metrics were compared at three cut-offs defining
low, low-medium, medium high and high risk ranges of
having the condition. Methods: The data set comprised 714
patients (239 from GOLDEN + first 475 screened for inclusion
in RESOLVE-IT) with a NIS4 value and liver biopsy scores
(Central reading according to NASH-CRN scoring system).
AUROC and diagnostic metrics (sensitivity/SN, specificity/SP,
positive predictive value/PPV and negative predictive value/
NPV) were calculated at optimal, low (90% SN) and high (90%
SP) cut-offs. Patients were grouped according to age (<55
year vs 255 years), sex (male vs female), BMI (<30 kg/m? vs
230 kg/m?) or type 2 diabetes status (yes vs no). AUROCs
and diagnostic metrics at the three cut-offs (low, optimal and
high) and in the different subgroups were then compared.
AUROCSs are expressed as mean and 95% CI and statistical
significance between AUC’s was assessed using the DelLong
test. Results: The prevalence of active NASH (NAS=4) and
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significant fibrosis (F22)in the cohort was 51%. NIS4 AUROC
in this cohort was 0.83; [0.795-0.858]. At the optimal cut-off
of 0.5, SN = 74%, SP = 75%, PPV = 76% and NPV= 73%. At
a low cut-off of 0.3 (SN=90%), SP =51 % and NPV=83%. At
a high cut-off of 0.7 (SP = 90%), SN=52%, PPV=84%. In this
cohort, 49% were >55 year old, 48% were male, 68% had a
BMI>30 and 38% had type 2 diabetes. As shown in table 1,
AUROCSs were not statistically different and diagnostic metrics
were comparable in all subgroups analyzed. Conclusion: In
a large cohort of patients prospectively screened because of
accumulating rik factors for NASH, NIS4 had good diagnostic
performance for the identification of patients with active NASH
(NAS=24) and significant fibrosis (F22), irrespective of patient
sex, age, obesity or type 2 diabetes status. Defining 3 cut-offs
could allow stratification of patients according to their risk of
having the condition and guide medical intervention.

Table 1

Subgroup Prevalence AUC NIs4 Sens Spec PPV NPV

"“5:)“2 and [95% CI] Cut- (%) (%) (%) (%)

= off

530 - 0.3 86 50 58 81

- 45% . 0.5 70 74 69 75

*E N=224 [0.733;0.849] = T = - =
é i 0.84 0.3 92 51 68 85
FI=A50 54% [0.802;0.871] 0.5 76 76 78 73

p=0.204 0.7 52 90 86 62

- - 0.3 87 58 62 85

- 44% = 0.5 67 80 73 75
£ N=439 [0.790;0.868] o T 5 = =

s ves 0.80 03 95 32 69 79

a N=275 61% [0.749;0.851] 0.5 83 64 79 71

p=0.382 0.7 59 84 86 56
55 .- 0.3 85 56 59 84
5 42% : 0.5 66 78 69 76
g N=361 [0.758;0.848] o7 = = N -
© 0.83 0.3 94 42 71 83
N:‘; 4 59% [0.791;0.871] 0.5 81 71 81 71
p=0.358 0.7 59 88 88 59
0.3 93 48 64 86
female 50% 98¢ 0.5 78 75 76 77
5 N=369 [0.802;0.881]

3 07 53 93 89 66
g male 0.81 0.3 88 53 67 81
o N=345 51% [0.767;0.855] 0.5 71 75 75 71

p=0.345 07 49 87 80 62
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and Masson’s Trichrome for content of collagen. Medium was
collected for potential markers of tissue damage.

Results: The combination of fructose and fatty acids produced an
increase in smooth muscle actin and collagen. Nutrient stimuli alone
produced NASH-type liver pathology including steatosis, inflamma-
tion, ballooning, and fibrosis. Further damage could also be produced
by adding a pulse challenge with LPS. The histological damage could
be reduced by adding MSDC-0602 either in parallel with or up to one
week after the challenge. Analysis of media demonstrated that the
nutrient damage response included the release to the medium of
mitochondrial DNA.

Conclusion: These data show that the human in vitro 3D bioprinted
liver model can be adapted for demonstrating NASH-type liver
pathology and the pharmacology of the novel MPC modulator can be
modeled in this system. Three exposures of MSDC-0602K are
currently being evaluated in a large Phase 2b clinical trial in subjects
with biopsy-confirmed NASH. Samples collected for biomarkers in
this trial will be evaluated for changes in parameters that are being
identified by this human organoid system including evidence of
protection of mitochondria.
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13C-methacetin breath test is a highly accurate non-invasive point
of care test for detecting CSPH in patients with NASH
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Commonwealth University, United States; '°Cedars Sinai Medical Center,
United States; "'Medical University of South Carolina, United States;
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Background and Aims: Hepatic Venous Pressure Gradient (HVPG), a
measurement of portal pressure, correlates with chronic liver disease
severity. Clinically significant portal hypertension (CSPH), defined as
HVPG > 10 mmHg is associated with an increased risk of decompen-
sation in patients with compensated cirrhosis. Esophageal varices
(EV) indicate the presence of CSPH and are also predictive of
decompensation. The *C-Methacetin Breath Test (MBT) using the
Exalenz BreathID® System, is a non-invasive, real-time molecular
correlation spectroscopy assay that quantitates hepatic cytochrome
p450 1A2 metabolism of ingested non-radioactive >C-labeled
methacetin by measuring the abundance of *CO, in expired breath.
The MBT measures a relevant liver metabolic function that has
been shown to reflect the degree of overall liver impairment. Here
we aimed to determine the accuracy of the MBT in the detection of
CSPH.

Method: MBT was performed on 257 patients with NASH- compen-
sated cirrhosis (i.e. no prior variceal hemorrhage, ascites or
encephalopathy), pooled from two prospective studies, all of whom
had HVPG measured and upper endoscopy performed in a period
near the MBT.

Results: Of the 257 NASH-cirrhosis patients, 158 were female (61.5%),
median age was 58.7 years, median BMI was 34.6 g/m?, and median
HVPG was 10.6 mmHg (range 1.5-27.5 mmHg). Of the total, 122
(47.5%) had CSPH and/or EV; 61 had CSPH and EV, 47 had CSPH but no
EV and 14 had EV without CSPH. MBT values, adjusted by percentage
dose recovered (PDR) and noise, allowed to establish a cut-off to
accurately rule-in the presence of CSPH/EV. Only 15/257 (5.8%) of
patients were wrongly classified as having CSPH. The MBT-based
rule-in model had a sensitivity of 76.3%, specificity of 84.5%, PPV was
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89.1% (82.6%-93.7%) and NPV was 68.3% with a C1 95% of 0.837-0.925
(p<0.0001) and AUROC of 0.881.
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Figure 1: Shows a ROC curve for the detection of CSPH.

Conclusion: The MBT is highly accurate at detecting CSPH in patients
with NASH- compensated cirrhosis. MBT provides a valid point-of-
care tool for identifying patients at increased risk for hepatic
decompensation in a non-invasive and non-operator dependent
fashion.
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Validation of NIS4 algorithm for detection of NASH at risk of
cirrhosis in 467 NAFLD patients prospectively screened for
inclusion in the RESOLVE-IT trial
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Background and Aims: Using the GOLDEN trial as a training cohort,
we have previously reported diagnostic performances of a non-
invasive score (NIS4) using four circulating biomarkers (miR-34a,
Alpha2-macroglobulin/A2M, YKL-40 and HbA1C) for calculation of
the risk (0-1) of NASH progression to cirrhosis. The aim of this study
was clinical validation of NIS4 in a large independent population of
patients prospectively screened for inclusion in RESOLVE-IT trial.

Method: NASH patients At-Risk-of-Cirrhosis (ARC) were defined by
NAS >4 and F>2 and patients Not-At-Risk-of-Cirrhosis (NARC) by
NAS <4 and/or F<2. The training cohort (GOLDEN or G) comprised
220 patients (ARC/NARC =95/125). The validation cohort (RESOLVE
or R) comprised 467 patients (ARC/NARC=255/212). Diagnostic
performances (ARC vs NARC) in G and R were compared (AUROC,
sensitivity, specificity). Merged cohort (M) with 687 patients was
used for optimization of coefficients, assessment of relations with
NAS and Fibrosis score (F), and comparison with existing scores.
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Results: A higher rate of ARC was obtained in R vs G (55% vs 43%), but
distributions of patients according to NAS or fibrosis score in ARC and
NARC groups were comparable in the 2 cohorts. In R as in G,
circulating levels were higher in ARC vs NARC (p <0.0001) for miR-
34a (2.82+0.26 vs 2.54+0.3 log10 copies/uL), A2M (2.61 £0.87 vs
2.04+0.78 g/l), YKL40 (119+162 vs 56+41 ng/ml) and HbAlc
(6.36 £0.97 vs 5.96+0.89%). NIS4 was significantly (p<0.0001)
higher in ARC vs NARC patients (0.659+0.015 vs 0.345+0.016).
NIS4 showed similar diagnostic performances in G and R cohorts for

detection of ARC: AUROC=0.81 (0.73-0.86) in G and AUROC =0.81
(0.77-0.85) in R. Comparison of NIS4 in R vs G at optimal cutoff for G,
sensitivity (68% vs 74%), specificity (77% vs 82%) total accuracy (72% vs
79%), PPV (78% vs 76%) and NPV (66% vs 81%) were only slightly to
moderately affected. In M (n=687) after optimization, AUROC
reached 0.82 (0.78-0.85). At optimal cutoff for M, sensitivity and
specificity were 76% and 76% respectively. In M, NIS4 gradually
increased with NAS and fibrosis and was more potent than existing
scores for detection ARC vs NARC (see figures).

Conclusion: This study validates NIS4 clinical performances for
detection of ARC in a large population of patients prospectively
screened for suspicion of progressive NASH at 133 hepatology centers
in 25 countries. In this context, NIS4 outperforms existing scores,
supporting its use in medical practice.

LBP-021

The percentage of patients with HCV infection in need of a liver
transplant is rapidly declining while their survival after
transplantation is improving: A study based on European liver
transplant registry
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Progression of Fibrosis in Hepatitis C With and

Without Schistosomiasis: Correlation with
Serum Markers of Fibrosis

Sanaa M. Kamal,"? Bradley Turner,' Qi He,! Jens Rasenack,? Leonardo Bianchi,? Ahmed Al Tawil,* Ahmed Nooman,?

Mahmoud Massoud,? Margaret James Koziel,! and Nezam H. Afdhal'

Serial liver biopsies are the gold standard by which the progression of fibrosis is evaluated. This
longitudinal cohort study assessed the different rates in the progression of fibrosis using serial
liver biopsies and serum fibrosis markers YKI.-40 and PIIINP and the cytokines, transforming
growth factor beta (TGF-f3) and tumor necrosis factor alpha (TNF—a). A 10-year cohort study
was performed in patients with hepatitis C virus (HCV) alone or HCV and schistosomiasis.
Patients were enrolled at the time of acute HCV infection and prospectively evaluated with two
liver biopsies (at entry and end of follow-up), and true rates in the progression of fibrosis were
calculated per year. Serum YKI-40, N-terminal propeptide of collagen III (PIIINP), TGF-f3, and
TNF-a were measured, as well as the expression of TGF-f, TNF-a, and YKL-40 mRNA in liver
tissue. A significant increase in the progression rates of fibrosis occurred in the coinfected group
(0.61 % 0.13) compared with the HCV monoinfection group (0.1 * 0.06; P < .001)). The
progression of fibrosis rate/year had a direct linear correlation for YKL-40 (» = 0.892, P < .001)
and for PIIINP (» = 0.577, P < .01). YKL-40 showed a linear correlation with TGF- (r =
0.897, P < .001). Hepatic mRNA levels of YKIL-40 and TGF-f3 correlated with the serum levels,
confirming a hepatic source for the elevated serum levels. In conclusion, serial cytokine and
fibrosis markers can accurately determine the rate at which fibrosis is progressing, identifying
both those with rapid fibrosis and those with stable disease. Supplementary material for this
article can be found on the HEPATOLOGY website (bttp://interscience.wiley.com/jpages/0270-
9139/suppmat/index.html). (HErATOLOGY 2006343:771-779.)

epatitis C virus (HCV) infection is character-
ized by silent onset in most infected individuals,
a high rate of viral persistence, and the potential
for development of chronic liver disease, ranging from

Abbreviations: HCV, hepatitis C virus; TNF-o, tumor necrosis factor alpha;
TGF-B, transforming growth factor beta; TIMP, tissue inhibitors of metallopro-
teinases; ALT, alanine aminotransferase; PCR, polymerase chain reaction; PIIINP,
aminoterminal propeptide of type I11 procollagen; AST, aspartate aminotransferase;
ECM, extracellular matrix.
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chronic hepatitis to cirrhosis and hepatocellular carcino-
ma.’2 However, the progression of fibrosis in chronic
hepatitis C is highly variable, and the natural history of
the disease usually extends over several decades.># In ep-
idemiological studies of chronic HCV infection, age, du-
ration of infection, alcohol consumption, male sex, and
coinfection with HIV, hepatitis B virus, or schistosomia-
sis have been related to histological severity.>1° Key cyto-
kines secreted in response to cell injury such as tumor
necrosis factor-alpha (TNF-a) and transforming growth
factor beta-1 (TGF-B1) have been implicated in the de-
velopment of liver inflammation and fibrosis.'-> TNF-a
has been shown to modulate hepatic stellate cell activation
as well as synthesis of some extracellular matrix proteins
and proteins involved in matrix degradation.'4

Serial liver biopsies are the current gold standard to
evaluate the progression of fibrosis.’> A number of sero-
logical and urinary compounds such as procollagens, tis-
sue inhibitors of metalloproteinases (TIMP), type IV S
collagen, hyaluronic acid, and laminin and mediators of
extracellular matrix production such as TGF- have been
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evaluated as noninvasive markers of liver fibrosis.!6-2¢
Most of these studies have focused on using these markers
in cross-sectional studies to diagnose the stage of liver
fibrosis.

We recently proposed that YKL-40, also known as hu-
man cartilage glycoprotein 39 or CHONDREX is an ex-
cellent marker for staging fibrosis in the liver and
differentiating cirrhosis from chronic hepatitis with stage
1 and 2 fibrosis in patients with HCV.27-3¢

Schistosomiasis is a chronic helminthic disease infect-
ing more than 200 million people worldwide.?' Concom-
itant schistosomiasis and HCV infection is common in
many developing countries’>33 and exhibits a unique
clinical, virological, and histological pattern manifested
by virus persistence with high HCV RNA titers, higher
necroinflammatory and fibrosis scores in liver biopsies,
and poor response to interferon therapy.33-35 Patients
with hepatitis C and Schistosoma mansoni coinfection
show markedly accelerated hepatic fibrosis.?!°

Therefore, in this study, we used serum fibrosis mark-
ers and profibrogenic and pro-inflammatory cytokines to
predict differences in the rate of progression of fibrosis in
a rapidly progressive cohort versus a traditional HCV
slowly progressive cohort. Our studies indicate that serum
YKL-40 and TGEF-B can accurately predict the progres-
sion of fibrosis over an 8- to 10-year period in patients
with progressive HCV and Schistosomiasis coinfection
and are also effective in identifying stable patients without
progression of fibrosis.

Patients and Methods

Study Population. Patients were enrolled into this
longitudinal cohort study from patients with acute HCV
who failed to clear viremia within 6 months of initial
infection. The diagnosis of acute HCV infection was
based on the following criteria: elevated values of serum
alanine aminotransferase (ALT) to more than 10 times
above the upper limit of normal; seroconversion from
negative to anti-HCV—positive antibody status assessed
by second-generation enzyme-linked immunosorbent as-
say (Abbott Laboratories, Abbott Park; IL); positive poly-
merase chain reaction (PCR) for HCV RNA (Amplicor,
Roche Diagnostics, Branchburg, NJ); with or without a
history of sudden onset of malaise, jaundice, fever, and
other symptoms related to liver disease in a previously
healthy individual. Overall, 87 patients were enrolled and
divided into two groups; HCV monoinfection (n = 39)
and HCV coinfection with Schistosoma mansoni (n = 48).
Shistosomiasis was diagnosed by history, detection of .
mansoni ova in stools (modified Kato test) or rectal bi-
opsy; and seropositivity to schistosomal antibodies (indi-
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rect hemagglutination: Femouz laboratories, Cedex,
France). No patient had clinically active schistosomiasis.).
An initial experimental study cohort comprised 42 pa-
tients (M:F 26:16; mean age, 29.0 = 8.3 years), and a
second group of 45 patients were used as a validation
cohort for the YKL-40 biomarker.

Patients were followed prospectively for 96 = 4.6
months (range, 97-125 months). Patients were examined
semi-annually until the end of study. All patients partici-
pating in the study presented oral and written informed
consent. In the extremely rare case in which literacy was
an issue, patients had the consent form read and carefully
explained to them in the presence of a family member,
both had to consent and the form was stamped, and both
patient and family member made their mark. The study
was approved by the Office for Human Protections Re-
search Board of An Shams University (P-002104), and
the protocol and all procedures of the study were con-
ducted in conformity with the ethical guidelines of the
Declaration of Helsinki and the human experimentation
guidelines of the U.S. Department of Health and Human
Services.

Laboratory Tests of Liver Disease and Virological
Markers. Serum ALT, albumin and bilirubin concentra-
tions, and prothrombin time were determined at entry
and semi-annually until the end of follow-up. Serum
HCV RNA was estimated by PCR, using a commercial
kit (Amplicor HCV; Roche Diagnostics, Branchburg,
NJ), and genotyping was performed using a second-gen-
eration reverse hybridization, line-probe assay (Inno-
LiPA HCV II; Innogenetics, Zwijndrecht, Belgium). The
entire cohort had ultrasonography and endoscopy, and
the results are given for the end of the study procedures.

Histological Assessment. All patients were subjected
to a baseline liver biopsy within 8 to 10 months after the
onset of symptoms. Another liver biopsy was performed
at the end of follow-up (mean of 96 = 4.6 months after
onset of symptoms). The study commenced in 1992, and
interferon-based therapy became available in Egypt in
1999, but with limited access because of lack of national
insurance and cost. The 2nd liver biopsy was performed
in some patients before commencing interferon therapy
and in the remainder to determine disease progression. A
second biopsy after a minimum of 4 to 5 years is standard
of care at many U.S. centers, including BIDMC, to eval-
uate disease progression and is clinically justified. Two
passes were performed at each biopsy time point, one for
histology and one for intrahepatic RNA studies. Liver
biopsies were stained with hematoxylin-eosin and a con-
nective tissue stain (chromotrope aniline blue). Liver bi-
opsies were read by two pathologists in a blinded fashion,
adopting the grading and scoring system proposed by
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Ishak et al.>* Moreover, biopsies were assessed for mor-
phological features of schistosomiasis and graded as fol-
lows: 0: no evidence for schistosomiasis, 1: poor evidence,
2: suggestive of schistosomiasis, 3: strong evidence for
schistosomiasis.

The progression rate of fibrosis per year was estimated
as the difference between fibrosis scores of the baseline
and follow-up biopsies divided by the interval between
the two biopsies.

Serum TGF-f3, TNF-o, YKL-40, Aminoterminal
Propeptide of Type III Procollagen Measurement:
Fasting serum TGF-3, TNF-a, YKL-40, and aminoter-
minal propeptide of type III procollagen (PIIINP) levels
were quantitated at baseline and annually until the end of
the study (96 = 4.6 months) in the experimental study
group. Serum TGEF-B ( BioSource -International Inc,
Nivelles, Belgium), serum TNF-a (Boehringer Mann-
heim, Germany), and YKL-40 ( Metra, Biosystems,
Mountain View, CA) were measured by commercially
available ELISA assay according to the manufacturer’s
instructions. PIIINP was measured by radioimmunoassay
(Orion Diagnostica, Espoo, Finland) following the man-
ufacturer’s instructions.

RNA Studjies. Intra-hepatic TGF-B and TNF-« tran-
script expression was assessed in baseline and follow-up bi-
opsies using standard techniques. YKL-40 mRNA gene
expression was measured using TagMan quantitative PCR.
(See supplemental data at the HEPATOLOGY website: http://
interscience.wiley.com/jpages/0270-9139/suppmat/index.
html).

YKL-40 Validation Cohort. The validation group
consisted of 45 patients, 19 with HCV alone and 26 with
HCV plus schistosomiasis coinfection. The validation co-
hort was used only to validate the YKL-40 serum marker.
This cohort was derived from patients enrolled in a study
of immune responses and progression of fibrosis in HCV
and schistosomiasis and has been previously published.!©
The validation cohort again included patients with acute
HCV who developed chronic hepatitis, and their clinical
characteristics are given in Table 4. Patients from this
cohort who had adequate serum stored for YKL analysis
were included. Patients in this cohort were followed a
mean of 114 & 12 months, once again with a baseline
liver biopsy 6 months after the onset of acute HCV and at
the end of the follow-up. Serum tests for YKL-40 were
performed on serum stored at the baseline biopsy, 5 years
of follow-up, and at year 10, the end of the follow-up
period when the second biopsy was performed. The vali-
dation cohort did not have any studies performed on liver
tissue and was only used to confirm the serial changes in
YKL-40 over time. No difference was found between the
validation cohort and the initial experimental cohort with
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Table 1. Demographic and Baseline Characteristics of
Patients With Hepatitis C Virus (HCV) Monoinfection, and
HCV/S. mansoni Coinfection in Experimental Group

Group B HCV &

Group A HCV S. mansoni

Parameter Monoinfection Co-infection
Number 20 22
M/F 12/8 13/9
Age(y):mean = S.D 30.6 £5.1 29.2 £ 6.7
Risk factors
i. Occupational exposure 10 15
ii. Blood transfusion 3 4
jii. Dental procedures 2 2
iv. Intravenous drug use 4 1
V. Surgery 1 0
Disease duration (mo) 74+*41 8.5 *+39
ALT (U/mL) mean *= S.D 1235+ 31.1 108.2 = 28.5
AST (U/mL) mean = S.D 98.5 + 27.3 113.5 = 30.8
Albumin (g/dL) mean * S.D 42 +0.3 4+04

Platelets (per microliter)

mean *+ SD 198,000 = 50,000 170,000 = 38,000
RNA (cop X105/mL) mean
+ SD 16.5 = 4.8* 38.8 = 8.7*

NOTE. Group A: 20 patients with chronic hepatitis C, Group B: 22 patients
co-infected with HCV and S. mansoni.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.

*P < .01 between groups A and B.

respect to clinical characteristics such as genotype (95%
genotype 4), viral load, and ALT/aspartate aminotransfer-
ase (AST) at baseline. Analysis of fibrosis markers in this
cohort was limited to only YKL-40 due to a limited sup-
ply of available serum.

Statistical Analysis. Results were expressed as
mean * SD and analyzed using paired and unpaired Stu-
dent # test, chi squared, nonparametric Mann-Whitney U
test, Wilcoxon rank sum test, or Fisher’s exact test where
appropriate. Correlation between different parameters
was performed using Pearson or Spearman’s rank test. P
values of .05 or less were regarded as significant. All sta-
tistical procedures were performed using an SSPS for win-

dows version 10 package (SPSS Inc., Chicago, IL).
Results

Baseline Clinical Characteristics of Patients. The
clinical, virological, and histological profile of the experi-
mental cohort patients is shown in Table 1. No statisti-
cally significant differences were found between the
monoinfected and coinfected patients for age, sex, peak
ALT at entry, or source of infection and HCV genotype
(4a). HCV patients coinfected with S. mansoni had sig-
nificantly higher HCV RNA titers (P < .001).

Histological Hepatic Inflammation. The clinical
baseline biopsy features of the Schistosomiasis group are
shown in Table 2. The total necroinflammatory scores
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Table 2. Histological Evidence of Schistosomiasis at
Baseline in Patients With HCV/S. mansoni Coinfection

HCV & S. mansoni Co-infection

Parameter (n = 22)

S. mansoni ova 17/22 (77.2%)

Eosinophils 16/22 (78%)
Granuloma 12/22 (54.4%)
Pigment 15/22 (68.2%)

Fibrosis of pipestem type 1/22 (4.5%)

Grading for schistosomiasis:

® Grade 0 0
® Grade 1 0
® Grade 2 5(22.7%)
® Grade 3 17 (77.2%)

were significantly higher at liver biopsy 1 (baseline biopsy)
in coinfected patients (P < .05). Coinfected patients had
significantly higher degrees of interface hepatitis (1.5 =
0.7 vs. 0.6 = 0.5; P = .027) and periportal necrosis
(1.9 £ 09 vs. 1.1 £ 0.2; P =.0016). No significant
difference was seen in necroinflammatory scores between
monoinfected and coinfected patients in liver biopsy 2
(follow-up biopsy) (Fig. 1A).

In both monoinfected and coinfected patients, neither
ALT levels nor viral load correlated with the necroinflam-
matory scores in baseline or follow-up biopsies (Wilcox-
on’s signed rank test 2 = .5, P = .7 respectively; data not
shown).

Clinical Follow-up. The clinical and virological data
of the experimental cohort patients is shown in Table 3.
At baseline, only HCV RNA levels were significantly
higher in coinfected patients. At the end of treatment,
however, statistically significant differences were found
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Table 3. End of Follow-up Characteristics of Patients With
Hepatitis C Virus (HCV) Monoinfection, and HCV/S. mansoni
Coinfection in Experimental Group

Group B HCV &

Group A HCV S. mansoni

Parameter Monoinfection Co-infection
ALT (U/mL) mean = SD 84.5 + 245 93.1 = 31.7
AST (U/mL) mean = SD 779 =315 91.9 = 40.2
Albumin (g/dL) mean = SD 3.9 =*0.7 2.8 = 1.3*%

Platelets (per microliter)

mean * SD 187,000 = 54,000 121,000 = 27,000
RNA (cop X 105/mL)

mean * SD 10.6 = 2.3t 19.2 + 2.1t
Splenomegaly: n (%) 1(5)% 20 (91t
Esophageal varices n (%) 1(5)% 21 (95)t

*P < .01.

tP < .05.

P < .001.

between the mono-infected and coinfected patients for
serum albumin levels, platelet counts, and HCV RNA
titers. Unlike the biomarkers, reduction in platelets and
albumin were only seen late in follow-up once cirrhosis
had developed. There was no difference in ALT or AST at
baseline, throughout the follow-up and at the end of the
study. At the end of follow-up, almost all HCV patients
coinfected with S. mansoni had splenomegaly and esoph-
ageal varices (see Table 3).

Histological Progression of Fibrosis. Initially at
baseline biopsy, both monoinfected and coinfected pa-
tients had no fibrosis (stage: 0). Only one patient in the
coinfected group had mild pipestem fibrosis. In the coin-
fected group, 2 0f 22 (9.1%) progressed to stage 1 fibrosis,
2 of 22 (9.1%) progressed to stage 2 fibrosis, 4 of 22

18 6 0.607
161 B HCV BHCV& S.mansoni 54 B HCV RHCV& S.mansoni ] IO'61
144 : g - - AT T S P <.001
1(2)- N P<.001 % E 5 0
y o B
8— KL g §
P<.05 2]
14 %% 5 5 i 0.11
e o
| 9999%. 0 : 9%%% 0.00-
Biopsy 1 Biopsy 2 Biopsy 1 Biopsy 2 HCV HCV/S.mansoni

Fig. 1. (A) Comparison of the necroinflammatory scores at baseline biopsies (biopsy 1, performed 6-8 months after acute hepatitis) and follow-up
biopsies (biopsy 2, performed at end of follow-up) in 20 monoinfected patients (black bars) and 22 coinfected patients (white bars). Bars represent
means. There was significant difference in necroinflammatory scores between monoinfected and coinfected patients in baseline biopsies (P < .05)
but not in follow-up biopsies. (B) Fibrosis scores at baseline biopsies and follow-up biopsies in 20 monoinfected patients (black bars) and 22
coinfected patients (white bars). Bars represent means. At liver biopsy 1, both monoinfected and coinfected patients had no fibrosis (stage: 0).
Coinfected patients had significantly greater increase in fibrosis scores detected in biopsy 2 compared with monoinfected individuals (4.3 = 0.9 vs.
0.8 = 0.5, respectively; P < .001). (C) Fibrosis progression rates (fibrosis units per year) in monoinfected patients (black) versus coinfected patients
(shaded).The rate of liver fibrosis progression was significantly higher in coinfected patients than in monoinfected patients (0.61 = 0.13 in the
coinfected group vs. 0.1 = 0.06 in the monoinfected group; P = .001).
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Fig. 2. Scattergrams showing the mean serum levels of each of the fibrosis markers (YKL-40, PIII-NP, and TGF-3) at different points in the

monoinfected group and the coinfected group.

(18.2%) progressed to stage 3 fibrosis, 8 of 22 (36.4%) to
stage 4, and 6 of 22 (27.3%) to stage 5 fibrosis.

In the HCV alone group, 2 of 20 (10%) progressed to
stage 1 fibrosis, 1 of 20 (5%) progressed to stage 2 fibrosis,
and 17 of 20 (85%) remained the same with stage 0 fi-
brosis. Overall, coinfected patients showed a striking in-
crease in fibrosis scores detected in biopsy 2 compared
with monoinfected individuals (4.4 = 0.9 vs. 0.8 = 0.5,
respectively; 2 < .001) (Fig. 1B). The rate of progression
of liver fibrosis (fibrosis units per year) was significantly
accelerated in coinfected patients in comparison with
monoinfected patients (0.61 = 0.13 in the coinfected
group versus 0.1 & 0.06 in the monoinfected group; P <

o0
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-2 0.0 2 4 6 8 1.0
Fibrosis progression/year

.001) (Fig. 1C). The increased fibrosis in the coinfected
cohort was statistically significant by chi-square analysis
(P <.001).

Fibrosis Markers. The mean baseline and follow-up
values of YKL-40 and PIII-NP in both groups are shown
in Fig. 2.

At baseline, no significant difference was seen in serum
YKL-40, PIII-NP, and TGF-B in monoinfected and
coinfected patients. The rate of increase during the first 2
years was comparable in the two groups. Coinfected pa-
tients showed a sharp increase in serum YKL-40 levels and
serum TGF- levels starting the 3 to the 4™ year of
follow-up (Fig. 2B). The highest YKL-40 levels were de-

B
z R=0352, P> .05 °
) [=]
=
< 100 E]
§ o
5 )
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*
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PII-NP difference (ug/ml)

4 6 8 1.0
Fibrosis progression/year

Fig. 3. Scattergrams showing the relationship between rate of fibrosis progression and TGF-B3, TNF-« and the fibrosis markers (YKL-40, PIIINP).
TGF-, transforming growth factor beta; TNF-«, tumor necrosis factor alpha; PIIINP, aminoterminal propeptide of type Ill procollagen.
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Fig. 4. Expression of transcripts specific for YKL-40 (A), TGF-$ (B), and TNF-« (C) within the liver tissue from 20 HCV monoinfected patients and
22 HCV/S. mansoni-coinfected patients. RNA preparations from baseline liver biopsies and follow-up biopsies were analyzed for YKL-40 expression
by TagMan (TM) quantitative real-time RT-PCR. and for TGF-3 and TNF-a« by a competitive RT-PCR technique. TGF-3 and TNF-o« cDNA has been
coamplified with an appropriate concentration of respective internal standard (SI). TGF-B, transforming growth factor beta; TNF-a, tumor necrosis

factor alpha; RT-PCR, reverse transcription polymerase chain reaction.

tected in coinfected patients, who showed marked wors-
ening of fibrosis (n = 17 with fibrosis progression rate >
0.3 fibrosis units/year) (data not shown). YKL-40 paral-
leled serum TGF-p levels at all times with a highly statis-
tically significant relationship between YKL-40 and
TGE-B (r = +0.897, P < .001).

The peak increase in PIII-NP levels in coinfected pa-
tients was detected at later times (years 7 and 8). A weaker
correlation was detected between PIII-NP and TGEF-f3
(r = +0.403, P < .05). Early on, serum TNF-a levels
were higher in coinfected patients compared with levels in
monoinfected patients; however, the levels were fluctuat-
ing over time and did not correlate with either YKL-40 or
PIII-NP (data not shown).

Serum TGF-f levels increased in parallel with severity
of liver damage and progression of fibrosis, which was
markedly accelerated in coinfected patients. The associa-
tion between serum TGF-B and rates of progression of
fibrosis is shown in Fig. 3A. Patients who had fibrosis
scores (>3) at the end of follow-up (17 coinfected pa-
tients) showed higher mean and median serum TGF-3
levels starting year 3 (R = +0.903, P < .001).

We found no significant relationship between overall
degree of fibrosis or progression rates of fibrosis and
TNF-a (Fig. 3B). Serum TNF-a did, however, correlate
at all points with the necroinflammatory score (R =
+0.4, P < .05; data not shown).

To determine whether changes in serum fibrosis mark-
ers would parallel the changes in progression of fibrosis,
we correlated serum YKL-40 and serum PIIINP change
rate (difference between baseline and follow-up values) to
the fibrosis progression rate (fibrosis unit/year) (Fig. 3C-
D). A stronger direct linear correlation was observed be-
tween YKL-40 levels (»r = +0.892, P < .001) and fibrosis
progression rate when compared with PIIINP (» = 0.577,
P < .05), suggesting that YKL-40 may be more efficient
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than PIII-NP in early detection of fibrosis and in moni-
toring progression of fibrosis.

Hepatic mRNA Expression. We then analyzed
TGEF-B TNF-a, and YKL-40 messenger RNA (mRNA)
expression in liver tissue of baseline and follow-up biopsy
specimen from the two groups of patients. Data have been
normalized for B-actin transcript expression. The levels of
both TGF-B and YKL-40 m RNA expression in the fol-
low-up biopsies were 6-fold higher than the levels in base-
line biopsies only for the coinfected patients (Fig. 4A and
B) and were highest in those with the more advanced
fibrosis stage. There was no significant correlation be-
tween mRNA levels of either YKL-40 or TGF-f3 and his-
tological inflammatory index. These increases in hepatic

message paralleled the changes seen in serum expression
of both YKL-40 and TGF-f3, confirming a hepatic source

Table 4. Clinical Characteristics, Fibrosis Progression and
YKL-40 Levels in the Validation Cohort

HCV & S. mansoni

Parameter HCV Monoinfection Co-infection
Number 19 26
M/F 11/8 17/9
Age (yrs):mean * S.D 36.6 £ 8.1 34276
ALT/AST (U/mL) 74/88 68/75
Fibrosis score
Baseline 0 0
Year 10 152+ 13 5.0 £ 0.6
Fibrosis progression
rate (U/yr) 0.16 0.56
YKL (ng/mL)
Baseline 53 = 35 80 = 45
Year 5 110 = 64 278 = 92*
Year 10 172 + 76 503 = 106*
Change in YKL from
baseline (ng/mL)
Year 5 59 + 39 190 + 83*
Year 10 117 + 56 423 + 101*

*P < .0001 between groups, two-tailed t test.
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Fig. 5. Correlation between necroinflammatory score and intrahepatic
TNF-« expression. The two parameters show a mildly significant positive
correlation (R = +0.40, P < .05). TNF-«, tumor necrosis factor alpha.

of origin for these markers. In monoinfected patients,
who did not show progression of fibrosis, there was no
major change in hepatic expression of mRNA for either
YKL-40 or TGF-f at the second biopsy (Fig. 4A-B).

TNF-a mRNA expression was not different between
baseline and follow-up liver biopsy in either coinfected or
HCV-alone patients. However, levels of TNF-a mRNA
were significantly higher in coinfected patients than in HCV
alone at both baseline and follow-up (Fig. 4C) and appeared
to correlate best with degree of inflammation and necroin-
flammatory scores (R = 0.40, P < .05, Fig. 5) but not with
fibrosis scores or the rate of progression of fibrosis.

Validation Cobhort. Because YKL-40 is a relatively
new marker for HCV-related fibrosis, we examined
YKL-40 serum levels in a further cohort of 45 patients
with matched liver biopsies. The baseline clinical and de-
mographic data for the validation cohort is given in Table
4. The rate of disease progression in the validation cohort
was identical to that seen in the experimental cohort. A
very significant correlation with YKL levels and disease
progression was seen in the HCV/Schistosomiasis coin-
fected group and with no disease progression in the
mono-infected group (Table 4). All patients in the HCV
and schistosomiasis group had significant increases in
YKL compared with the HCV alone group, as shown in
Fig. 6. Using an increase in YKL-40 of 100 ng/mL from
baseline at year 5 and 200 ng/mL at year 10 to indicate
disease progression was both highly specific and sensitive.
In the entire combined cohort, only two patients with
mild disease progression (<2 points increase over 10 years
on Ishak) had increases in YKL-40 at years 5 or 10 as listed
above (96% sensitivity). Similarly, only two patients with
progressive disease failed to increase their YKL levels, giv-
ing a specificity of 96%.

Discussion

This unique cohort study clearly confirms previous re-
ports showing the more rapid rate of progression of liver
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fibrosis in patients who have both schistosomiasis and
HCV compared to HCV alone.?1%33 The rate of progres-
sion of fibrosis at 0.61 units per year has most coinfected
patients developing cirrhosis within 10 years of exposure
to HCV and was seen in both the experimental and vali-
dation cohorts. This rate of progression of fibrosis would
be comparable to patients with HIV and HCV or HCV
patients with significant alcohol consumption (>50 g/d).
The fibrosis rate of 0.1 units per year seen in the HCV
alone patient more closely resembles that proposed by
Poynard et al.?” for most studies of hepatic fibrosis in
uncomplicated HCV, with cirrhosis occurring between
20 and 40 years. The study is clearly limited by the rela-
tively small number of patients and the low rate of disease
progression in the HCV monoinfection group. Combin-
ing both experimental and validation cohorts, the rate of
progression in HCV monoinfected was only 0.15 Ulyear.
This slow rate of progression can be best explained by the
relatively few cofactors for disease progression, as patients
had no alcohol consumption, no HIV or hepatitis B virus
coinfection and are infected at a young age (mean age at
infection, 30 years).

Examining the hepatic and serum levels of TGF-f3 and
TNEF-a gives us some insight into the potential mecha-
nism for the more rapid fibrosis in patients with schisto-
somiasis. Initially, there is no difference in liver fibrosis;
however, histological liver inflammation and TNF-a lev-
els are higher in the coinfected group, suggesting these
patients are primed by the schistosomal infection to a
more aggressive level of inflammation. Within 2 years, we
begin to see increases in serum pro-fibrogenic TGF-3
levels and YKL-40 in the coinfected group, suggesting
that the fibrotic process is progressing with changes in the
extracellular matrix (ECM). These continue throughout
the next 6 years of follow-up and, assuming some linearity
to the progression of fibrosis, they strongly parallel the
changes seen on the repeat liver biopsy. The serum levels
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Fig. 6. Boxplot of YKL levels in both groups in the validation cohort at
baseline, year 5 and year 10.
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closely parallel the hepatic mRNA increases for both
YKL-40 and TGF- and suggest that the serum levels are
a reflection of ECM modeling in the liver.

Perhaps the most important finding in this study is the
very close clinical correlation of the panel of markers for
fibrosis and cytokines with disease progression. Using
YKL-40, PIINP, and TGF-f, we would have clearly been
able to identify differences in progression rates of fibrosis
between the two cohorts in the experimental study group.
In the validation group, YKL-40, as a single serum marker
for fibrosis, was able to differentiate progression rates be-
tween slow and rapid fibrosing patients. In our prior stud-
ies in a U.S. population, a YKL-40 level of >350ng/mL
indicated stage 3 or above fibrosis,?” and this was seen in
all patients in the coinfected group with rapidly progres-
sive disease to stage 4 or 5. The lack of a marker for a
change of fibrosis in the HCV alone group also shows how
useful serial markers can be to determine lack of disease
progression. Interestingly, in patients with disease pro-
gression, changes also occur in standard clinical markers
such as platelets and albumin but not in ALT or AST.
However, because the study started approximately 12
years ago, we were unable to longitudinally evaluate other
clinical markers such as platelet count or APRI, which
may have performed equally well as the markers of fibrosis
we measured.

In addition, patients with schistosomiasis developed
evidence of portal hypertension with splenomegaly and
esophageal varices. However, this was independent of
liver fibrosis and reflects the underlying pre-hepatic portal
hypertension associated with schistosomiasis. The associ-
ated hypersplenism is also a factor in the development of
thrombocytopenia. However, these clinical changes tend
to occur later in disease progression, whereas the markers
of fibrosis start to rise when there is an estimated transi-
tion to Ishak stage 3 with bridging fibrosis.

Most studies of markers of fibrosis have been cross-
sectional and focused on the ability of markers to diagnose
cirrhosis. Some studies have also shown that successful
therapy of HCV can be associated with a reduction in
serum markers of fibrosis such as PIIINP,38:39 but there
are no long-term studies on the role of markers in predict-
ing resolution or stabilization of fibrosis. This study rep-
resents a truly unique cohort of patients followed
sequentially for almost 10 years and thus is an excellent
model for fibrosis studies such as this one.

When examining liver ECM turnover, patients with
more rapidly progressive diseases such as alcoholic hepa-
titis have the highest levels of ECM markers.?24° This has
been shown for markers such as type IV collagen and
hyaluronic acid, which correlate best with the degree of
alcoholic hepatitis and perivenular fibrosis.?324 Rather
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than reflect the total collagen level, they accurately corre-
late with the degree of new collagen production and turn-
over and will also fall with abstinence from alcohol. In a
similar fashion, the levels of YKL-40 were higher than
that seen in some patients (>110 ng/mL) in the coin-
fected group, and these levels are reflecting the very active
ECM with rapidly progressive liver diseases. In prior stud-
ies, YKL-40 has been shown to be an excellent marker in
active alcoholic liver disease.?®4! Because we are using the
markers for monitoring disease, the absolute levels are not
as important as the rate of increase over time, and cer-
tainly YKL-40 and TGF- in individuals show excellent
sensitivity to disease progression. In fact, in the validation
cohort, the sensitivity and specificity of YKL-40 for pre-
dicting disease progression was greater than 95% and rep-
resents one of the first cohort studies to really use
longitudinal markers of serum fibrosis.

This variation of markers of fibrosis in individuals with
disease progression could have a strong potential clinical
role in patients with HCV. Many HCV patients have
slowly progressive disease and at initial diagnosis have
only minor histological changes of fibrosis and inflamma-
tion and are not candidates or refuse interferon-based
treatment. The standard of care has been to follow these
patients and repeat liver biopsies in 4 to 5 years. However,
as demonstrated by the HCV-alone group, who had a
disease progression rate of 0.1 * 0.06 fibrosis units per
year, these markers of fibrosis can be used longitudinally
to determine patients with slow rates of disease progres-
sion who do not need biopsy or therapy. Larger clinical
cohorts need to verify these results in patients who are not
treated for HCV but are followed clinically for disease
progression before these biomarkers can be truly inte-
grated into clinical practice.

Although this study demonstrates an important use for
markers of fibrosis and their ability in serial analysis over
time to predict progression of liver disease, an alternative
important area for investigation is the role in predicting
disease regression. Several ongoing large studies with both
alpha and gamma interferons are looking at fibrosis as end
points of therapy, serial measurements of markers of fi-
brosis can predict regression of fibrosis. These studies will
potentially determine whether a clinically useful panel of
markers could be used to replace or guide the use of liver
biopsy.

In summary, this study shows the rapid rate of progres-
sion of fibrosis in patients with HCV and schistosomiasis
compared to HCV alone. Progression of fibrosis may be
mediated by an initially increased inflammatory response
caused by elevated TNF-a and subsequent activation of
hepatic TGF-B. The utilization of serum markers of fi-
brosis shows great potential in disease monitoring, and
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larger studies will be required to confirm the findings of
this initial cohort study.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Seeff LB. Natural history of hepatitis C. HEPATOLOGY 1997;26(Suppl):
21S-28S.

. Alter MJ: Epidemiology of hepatitis C. HEPATOLOGY 1997;26(Suppl):

625-65S.

. Dienstag JL. The natural history of chronic hepatitis C and what we should

do about it. Gastrenterology 1997;112:651-655.

. Afdhal NH. The natural history of hepatitis C. Semin Liver Dis. 2004;

24(Suppl 2):3-8.

. Powell EE, Edwards-Smith CJ, Hay JL, Clouston AD, Crawford DH,

Shorthouse C, et al. Host genetic factors influence disease progression in
chronic hepatitis C. HEPATOLOGY 2000;31:828-833.

. Allory Y, Charlotte F, Benhamou Y, Opolon P, Le Charpentier Y, Poynard

T. Impact of human immunodeficiency virus infection on the histological
features of chronic hepatitis C: a case-control study. The MULTIVIRC
group. Hum Pathol 2000;31:69-74.

. Pontisso P, Gerotto M, Benvegnu L, Chemello L, Alberti A. Coinfection

by hepatitis B virus and hepatitis C virus. Antivir Ther 1998;3:137-142.

. Kamal SM, Madwar MA, Bianchi L, EL Tawil A, Fawzy R, Peters T, et al.

Clinical, virological and histopathological features: long-term follow-up in
patients with chronic hepatitis C co-infected with Schistosoma mansoni.
Liver 2000;20:281-289.

. Kamal SM, Rasenack JW, Bianchi L, Al Tawil A, El Sayed Khalifa K, Peter

T, Mansour H, et al. Acute hepatitis C without and with schistosomiasis:
correlation with hepatitis C-specific CD4 (+) T-cell and cytokine re-
sponse. Gastroenterology. 2001;121:646-656.

Kamal SM, Graham CS, He Q, Bianchi L, Tawil AA, Rasenack JW, et al.
Kinetics of intrahepatic hepatitis C virus (HCV)-specific CD4+ T cell
responses in HCV and Schistosoma mansoni coinfection: relation to pro-
gression of liver fibrosis. ] Infect Dis 2004;189:1140-1150.
Armendariz-Borunda J, Katayama K, Seyer JM. Transcriptional mecha-
nisms of type 1 collagen gene expression are differentially regulated by
interleukin-1 beta, tumor necrosis factor alpha, and transforming growth
factor beta in Ito cells. ] Biol Chem 1992;267:14316-14321.

Bissell DM, Wang SS, Jarnagin WR, Roll FJ. Cell-specific expression of
transforming growth factor-beta in rat liver: evidence for autocrine regu-
lation of hepatocyte proliferation. ] Clin Invest 1995;96:447-455.

Powell EE, Edwards-Smith CJ, Hay JL, Clouston AD, Crawford DH,
Shorthouse C, et al. Host genetic factors influence disease progression in
chronic hepatitis C. HEPATOLOGY 2000;31:828-833.

Olaso E, Friedman S. Molecular regulation of hepatic fibrogenesis. ] Hepa-
tol 1998;29: 836-847.

Bain VG, Bonacini M, Govindarajan S, Ma M, Sherman M, Gibas A, etal.
A multicentre study of the usefulness of liver biopsy in hepatitis C. J Viral
Hepatol 2004;11:375-382.

Plebani M, Burlina A. Biochemical markers of hepatic fibrosis. Clin Bio-
chem 1991;24:219-239.

Afdhal NH, Keaveny AP, Cohen SB, et al. Urinary assays for desmosine
and hydroxylysylpyridinoline in the detection of cirrhosis. ] Hepatol 1997;
27:993-1002.

Murawaki Y, Tkuta Y, Koda M, Kawasaki H. Serum type III procollagen
peptide, type IV collagen 7S domain, central triple-helix of type IV collagen
and tissue inhibitor of metalloproteinases in patients with chronic viral liver
disease: relationship to liver histology. HEPATOLOGY 1994;20:780-787.
Jeffers L], Coelho-Little ME, Cheinquer H, Vargas C, Civantos F, Alvarez
L, et al. Procollagen-III peptide and chronic viral C hepatitis. Am ] Gas-
troenterol 1995;90:1437-1440.

Murawaki Y, Yamamoto H, Kawasaki H, Shima H. Serum tissue inhibitor
of metalloproteinases in patients with chronic liver disease and with hep-
atocellular carcinoma. Clin Chim Acta 1993;218:47-58.

Walsh KM, Timms P, Campbell S, MacSween RN, Morris AJ. Plasma
levels of matrix metalloproteinase-2 (MMP-2) and tissue inhibitors of
metalloproteinases-1 and -2 (TIMP-1 and TIMP-2) as noninvasive mark-

66

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

KAMAL ET AL. 779

ers of liver disease in chronic hepatitis C: comparison using ROC analysis.
Dig Dis Sci 1999;44:624-630.

Murawaki Y, Nishimura Y, Ikuta Y, Idobe Y, Kitamura Y, Kawasaki H.
Plasma transforming growth factor-beta 1 concentrations in patients with
chronic viral hepatitis. ] Gastroenterol Hepatol 1998;13:680-684.
Gabrielli GB, Capra F, Casaril M, Squarzoni S, Tognella P, Dagradi R, et
al. Serum laminin and type III procollagen in chronic hepatitis C. Diag-
nostic value in the assessment of disease activity and fibrosis. Clin Chim
Acta 19975 265:21-31.

Pares A, Deulofeu R, Gimenez A, Caballeria L, Bruguera M, Caballeria ], etal.
Serum hyaluronate reflects hepatic fibrogenesis in alcoholic liver disease and is
useful as a marker of fibrosis. HEPATOLOGY 1996;24:1399-1403.

Murawaki Y, Nishimura Y, Ikuta Y, Idobe Y, Kitamura Y, Kawasaki H.
Plasma transforming growth factor-beta 1 concentrations in patients with
chronic viral hepatitis. ] Gastroenterol Hepatol 1998;13:680-684.

Tsai JF, Jeng JE, Chuang LY, Chang WY, Tsai JH. Urinary transforming
growth factor betal levels in hepatitis C virus- related chronic liver disease:
correlation between high levels and severity of disease. HEPATOLOGY 1997
25:1141-1146.

Nunes DP, Offner GD, Keaveny A, Maldonado N, O’Brien M, Afdhal
NH. YKL-40: a new non-invasive serum marker for the assessment of
hepatitis C associated liver fibrosis; comparison to hyaluronic acid and
procollagen III N peptide levels [Abstract]. HEPATOLOGY 1998:28(Suppl);
364A.

Johansen JS, Moller S, Price PA, et al. Plasma YKL-40: a new potential
marker of fibrosis in patients with alcoholic cirrhosis? Scand J Gastroen-
terol 1997; 32:582-90.

Johansen JS, Christoffersen P. Serum YKL-40 is increased in patients with
hepatic fibrosis. ] Hepatol 2000;32:911-920.

Johansen JS, Jensen HS. A new biochemical marker for joint injury: anal-
ysis of YKL-40 in serum and synovial fluid. Br ] Rheumatol 1993;32:949-
955.

Warren K. Blood flukes (schistosomes) and liver flukes. In: McIntyre N,
Benhamou JP, Bircher J, Rizzetto M, Rhodes ], eds. Oxford Textbook of
Clinical Hepatology. New York: Oxford University Press, 1991:714-721.
Capron A, Dessaint JP. Immunologic aspects of schistosomiasis. Annu Rev
Med 1992;43:209-218.

Angelico M, Renganathan E, Gandin C, Fathy M, Profili MC, Refai W,
et al. Chronic liver disease in Alexandria governorate, Egypt: contribu-
tion of schistosomiasis and hepatitis virus infections. ] Hepatol 1997;
26:236-243.

Pereira LM, Melo MC, Saleh MG, Massarolo P, Koskinas J, Domingues
AL, et al. Hepatitis C virus infection in Schistosomiasis mansoni in Brazil.
J Med Virol 1995;45:423-428.

Kamal S, Madwar M, Bianchi L, Tawil AE, Fawzy R, Peters T, et al.
Clinical, virological and histopathological features: long-term follow-up in
patients with chronic hepatitis C co-infected with S. mansoni. Liver 2000;
20:281-289.

Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F, et al.
Histological grading and staging of chronic hepatitis. ] Hepatol 1995;22:
696-699.

Poynard T, Bedossa P, Opolon P. Natural history of liver fibrosis progres-
sion in patients with hepatitis C. Lancet 1997;349:825-832.

Poynard T, McHutchison ], Manns M, Myers RP, Albrecht J. Biochemical
surrogate markers of liver fibrosis and activity in a randomized trial of
peginterferon alfa-2b and ribavirin. HEPATOLOGY 2003;38:481-492.
Kojima H, Hongo Y, Harada H, Inoue T, Miyaji K, Kashiwagi M, et al.
Long-term histological prognosis and serum fibrosis markers in chronic
hepatitis C patients treated with interferon. ] Gastroenterol Hepatol 2001;
16:1015-1021.

Schuppan D. Connective tissue polypeptides in serum; new parameters of
connective tissue synthesis and degradation in liver fibrosis. Z Gastroen-
terol 1992;30:29-34.

Nojgaard C, Johansen JS, Christensen E, Skovgaard LT, Price PA, Becker
U, et al. Serum levels of YKL-40 and PIIINP as prognostic markers in
patients with alcoholic liver disease. ] Hepatol 2003;39:179-186.



PR AR IR B A R R AT AL T S -
S4B SR
T
JRETE AL VA 2T AR A3 Jr PR e W vhE o AT 58 SR FH PTG R UL 75

YR EY) YKL-40. PIINP. TG ZRE. HALAERKET-B (TGF-
B MIFIRIRIER T~ a (TF) RLFYEAEEAT 1 1FAh . R Bph g py
99w+ (HCV) B HCV PR MW Hus S #2547 1 10 SEBAAIIE 5T
SR AE U S Y 0 B I HEAT 180, I BEAT P IR

(FEVTRIBE VT &5 ) HEAT T RTIEVEVEAL, JF HARE A AT A 4E bt
R ECSER P THB. IMSE H YKL-40, N-ASG T AE 110 B R (PIINP) | TGF-
B TNF- a fJ#EAT 7 Ill5E , DA RAEF A ZA45% TGF- B \TNF- a \F1YKL-40
fI mRNA BEATRIK AT AEAL 535 B N 2R AR IO A Lt Ji R 0 0.61
+0.13, AL HOV G AH M%)y 0.1+£0.06 (P<<0.001). £F4EfL
BEMSERRS YKL-40 2 EEL MMM (r=0.892, P<0.001), 5
PIINP FIAHSSHE N (r=0.577, P<0.01). YKL-40 55 TGF- B EZEMEAH%
P (r=0.897, P<0.001). FFAEH YKL-40 F1 TGF- B ) mRNA 7K-F 5 Ifi
TEACEAHSS, BN THE MG AR . 27 Bk, daff0is RALE
YEAAR VAT DURS I b W 2T 440 1 F (R0 2, W] 280 B R AL TR
LT AEAE R A R AR T RS E Bl ARSCHIAN ST AL KL UL HEPATOLOGY
A 35
Chttp://interscience.wiley.com/jpages/0270-9139/suppmat/index.html )

(HEPATOLOGY 2006;43:771-779.)

67



CBUR 202017 4E55 37 B55 4 7

- 313 -

Whifk kM EME YKL-40 ZERFFEA RSB EH R

BhE, BRE, HERX, BH, FHE, BB, FEF

(EARFTAESBER LERSHM, E8  200438)

WE . FITFE AL (liver cirrhosis, LO B #F4MNE M M F YKL-40(E S BB I HEEA DEAAKFEREE LCHHZEEX.
SR ELISA Fedhiil 112 ) LC BF L K 114 SR E ME S YKL-40 BEAKF, Fit—£ oW HE LCHELHME
EES LCBHEFNEMNANFEMLERAOERLME. LCAME YKL-40 EHKES FEHMBA (P < 0.001); ¥ LC
AN IRAE LB, ROCHLASTME YKL-40 EEXT LC B2 W3k BE, H 4R F # M (area under the curve, AUC) 2} 0. 934
(95 % BISXEH: 0.904~0.964), YKL-40 7E cutoff {6k 92. 25 ng/mL i, SRR 81.3%, HRE N 90.4%; @ETH
XAV EBME YKL-40 F H/KF 528 Child-Pugh 4% 1 FIB-4 $8$(IEMH % . YKL-40 % LC BA RIFHLEE N,

B2k LCHAMTAN LCHERE.
X FiE4; YKL-40; Child-Pugh; FIB-4 #£%
hESHESE: R392.12 THERESR: A

FFRE AL 2 AT 22 5E L 1B E I B R B IF 4R 4 4L
KRR EEIFRE, RHREHENR
REN, BPHBFERE . IKSESER,
EZEEWHAESD T ERBRETEHRE, SR
BEAA.

YKL-40GE LMl 3 HEH 1, ARBBED
3NN TFHEE N 40 kDa N K % /5 51 b B & BR-Hi
AM-REAREMNAE B3I EERFIINEE
A, KEHRERHA YKL-40 25K 5E AT,
HAEY AR FME R AR, W
o FR G REAL AR BB AL PR AT 4F b B B P I 7E
YKL-40 /K2 8 3 5 F1E & A# BB T 8 &
THBEMFREE, PEFAELBEME YKL-
40 K5 FFEF dEfb R B AR CM . AR A L4
Jdk, T YKL-40 ZEEEE MATEL R E
I RIAEFRIFH— L HFITT YKL-40 EEFFEL P
W E RS IFEL R E T F Bl A AT 4 4t ik
£ AN ok i P N

1 #EFE*
1.1 3% 20134 1 A% 2015 4 12 A F LBRK

WA 2017-05-31

EeWEH: BERARKRBERSEF LS (81301516); i HBEMR
H (15]C1404100)

EEBr: BEE, B4, NERKBE T/

BEEE: HE(E-mail: gaocfl115@163. com)

NEHE . 1001-2478(2017)04-0313-04

HAFRRSM B EBR RN S LC B 112 6], BLZAh
3.15: 1, FHERHRG0.70E12.24) % ; LL 2013
S DA B B BEAT IR RS 9 114 4 B4R O f R Xt
WA, Bzl 2.08: 1, FHER R 48. 49
8.30) %, IMIEFEA L 3 000 r/min B.L> 10 min fF
SBEHTF-S0CRAE. FMEMAREHEEEN
BRIZERHZ BRI ERECEZ A SH]
i
1.2 8MmiXA  YKL-40 # Wik # & (ELISA
2, MMNEBAYEARARAA); MIK3 E#iR Y
(LB HEMUBAERARD; ElxS0 BRI (EHR
Biotek 24 F]),

1.3 XWHZE WHiik IO e %% R %R
(ELISA): OB M & ZR F& 15 min bl |,

ERARAES RIS OFMESR RERMBERR
KA MASLA CHI3L] Hiik gLk 37 C#E
Blh RN ENRGEESY:; OUEHRHLUEMNR S
W OMAEYRRICHWHLA CHI3L1 414k 37 C
BE L h, BRRE-RE-S2YERIERERE S
¥ OUWEMRMLEEM 5 K; @A HRP $Ric A E M
F 37 CHF 30 min, JERIE-PLUR-EYRRIZ
Hitk-Bn R MEEEGY: QUBBHLTER 5 K;
A3, 3, 5, 5S-TUHRBEEREWERLE, B4
15 min, W€ 52N 45 B JF N4 kW, BB AR 10K T
450 nm WREEME.

1.4 HitZF4AE LKL R RH SPSS Statistics

68



» 314 -

CHURBE2E 92017 45408 37 #4054 1Y

22 #t GraphPad Prism 6 it #4170 85, UL«
T RRERDHMBIEES AN ETH,
median(range) BREES A HEIE. 2 HELEFR
AR %, ZHELBRMATEST. M
K53 AT K A Pearson SR E A K 4T . KB KHE
a=0.05,

2 HR

2.1 4B YKL40 BEAXKEELCHMEEITER
AdhpPESs HEMmMF LC 4H YKL-40 B H K FE
195.8(103. 3~ 330.4) ng/mlL, B ¥ FIE® X HE

#f 46.8(30.7~66.4) ng/mL(P < 0.001, A 1),
800+ P<0.001

I L)

600

400

YKL-40

200+

4
Aigd

Lc ER A

B1 LCENRAMEMD YKLA0EAREER

2.2 ROC M4 #HTMLi% YKL-40 EHKES LC HY
SERA K 112 4 LC B EF 114 FIEH X R &
fELEE, ROC fi £k 4r #r i YKL-40 3 F K XF
LC Wiz Wi Z e, £k T 10 R (area under the
curve, AUC)H 0. 934 (95% CI 4 0. 904 ~ 0. 965,
B 2), YKL-40 # cutoff {H & 92. 25 ng/mL B},
RN 81.3%, HEFEEN 90.4%,

1.0+

0.8+
AUC=0.934

0 02 04 06 08 10
1-%RE

B2 YKL-40 3 LC WIS Hi N

2.3 LCHH YKL-40 K FE ST UL FIB-4 FEHIE
H¥E LCH YKL-40 EHKFE 5 FIB4 #E [ FIB-

69

4=4E % X AST (1U/L) /PLT (1 X 10"/1.) X
ALTYV AU/ JFHEEM X (n=111, H¥ 1 fijH
HARKM PLT, XE:iHE FIB4 f5%0), Pearson
X EBCH 0. 237(P=0.013),

2.4 LC B YKL-40 0 Child-Pugh & IFfE%X 112
B LC 41 # 3%, #& Child-Pugh 4> % ¥% Child-Pugh
AFBREUSBDIENHIIGER A, Child-Pugh B
9% 5 3 (44 ) F1 Child-Pugh C 28 % (20 #D 1 K
JFDhEE R R4 (64 ) ; LBEEARATIBEARARAH
YKI-40 & B 7k 3 210. 5(135. 5~ 385. 38) ng/
mL, & THFDEE R4 168. 75(82. 256~ 270. 5)
ng/mL(P=0.009, & 3),

800 1
P=0.009
i 600 - . “
4
>- .
400 -
——
2001 — g
S U
wi::
[+] r T
Child-Pugh A Child-Pugh B&C

B 3 YKL-40 £ Child-Pugh ¥ h Rk £ R

3 itig

YKL-40 BE A F ALY AR 1932, 1, 0 F 7
948 ANBREEXT A1 10 ANAh W F, BJLT R R &
REW—F, KRBT 18R KMBEBRE, SEH
T, RAJLT MG MAEZ LT EE .
YKL-40 fE AR T2 £k, AdEHHH
HHARERE, REEFENRFNE, HK R,
SE M,

Kjaergaard 2" 7 — I %t 86 258 ] 4 44 49 B
LA & B YKL-40 7K St 15 52 T v AT 8 Ak iy
MEFREY . YKL-40 BB 5 %88 2 N AR 3 40
Mt RFEBW S SR FRF b L L T, S
el Em R A KD, 4L RIS R &
BV, BT OB, 0w
YKL-40 7K/ LA X 4352 B 5 vh o 3 ST 27 R4
RS Wi I 4 3Fm L T3, F BT 5 e84k
B kd . ABFsTRE, FFEAAN MG YKL-40 &
HAKFHER FEFA, ZRARKITEELCP
< 0.05), |ARBHEKE LCH YKL-40 #ikKF
WERm,



(BRI F V2017 EE 3T BF 4 B

e 315 -

¥ LC A S5EmEIELE, LlmE YKL-40 K
45 ROC BZ 3 #7, AUC 3 0. 934, YKL-40 #£
cutoff % 92. 25 ng/mL B}, HEKE RN 81.3%,
FRE R 90. 4%, #ARMFE YKL-40 KFERX 4
E¥FMEAT EEARGFHLHMAEE. YKL-40
LW ™ B AT & 45 4k (F2-F4) ROC AUC (F2-4;
0.792, 0.914, 0.936) 5BEaT HE B HIE, Hig
Wi g R T HA. B 3% & B . MMP-9 £ [ & 45
Y, FEFIES TE W RIS K40
;2]

LCEFEZRE . EHE. BERESF KK
EF, FAB/UKPH#ERSBWREETFRAEFRZE.
Child-Pugh 2% £ Ifi K £ 2 & TR T RE B9 &%
Ffetr, WMIBERNHERR.QELR. MEAE
B K AT R A TR B T ThRE K., (B
£, &4 RmIiECE PRI YKL-40 5 I 5K 18 5
Child-Pugh 43 4% f1 FIB-4 #5889 £ B 0. B,
AR PERATE KR YKL-40 K FE5X 2 i
KREWRXRM . AP 112 6] LC & & 4,
J& Child-Pugh A k&8 48 |, J& Child-Pugh B %
44 ], J& Child-Pugh C % 20 |, FFZhREARA R4
(Child-Pugh B £ 1 Child-Pugh C %) YKL-40 B[
K& F AT oh BB B 47 4 (Child-Pugh A 40, 8
YKL-40 B BEN —E B 15 68 B A SO WAL
LCERERINBEKT, HEERBETINEN TR
YKL-40 BH KRB M,

FIB-4 #6 ¥ [ FIB-4 = 4E# X AST(IU/L)/PLT
(1X10°/L) X ALTY2(IU/L) 12 B — A FI Il 5K %
Mt REE TR T E Y
B, AR ERBAIT e B RBERESR
T FEAEL . AFRGERER, YKL40EH
K5 FIB-4 #8 Z M FEIEM K, #H—H 3
YKL-40 i R E S S K EFFEAEAEE
B, Hit, BKE YKL-40 & B /KF FIB-4 783,
Child-Pugh 44 7] 58 4F #h 1F £ 2 3 89 BF &F 46 1L 72
B, R E T AR

My YKL-40 /K F 0] 2 812 W T 4F 4k 4k, Xt
LCEAEREMiZW%EE, RIFWATHAT LC &F
FFThBE B IFAs . YRL-40 &5 % 5 K I 42 3 40
ShEERES, FEEFEFSSEML ENIEREZL2EIX
BOCERIESE . ASCERIRIE, YKL-40 7] A T %44
IFN JRIT P EF g i 3 R0, A 4297 &
RAEEEMERME. B2, YKL-40 £ iFMH . H

WL EE = E AT A 4L B HEA T B ED, F
it — S REBIE.

(B RN S BB ARF R A AR
FLBERE 3 B M 1(CH3LL, YKL-40)iRF & .

2 &30k

[17  Julia S, Matthew K, Williamson, et al. Identification of pro-
teins secreted by human osteoblastic cells in culture[J]. J
Bone Miner Res, 1992, 7(5); 501-512.

{27 Roslind A, Johansen JS. YKI.-40: a novel marker shared by
chronic inflammation and oncogenic transformation[J ].
Methods Mol Biol, 2009, 511. 159-184.

[3] Shackelton LM, Mann DM, Millis AJ, et al. Identification of
a 38-kDa heparin-binding glycoprotein (gp38k) in differentia-
ting vascular smooth muscle cells as a member of a group of
proteins associated with tissue remodeling[J]. J Biol Chem,
1995, 270(22). 13076-13083.

(4]  De Ceuninck F, Gaufillier S, Bonnaud A, et al. YKI-40 (carti-
lage gp-39) induces proliferative events in cultured chondrocytes
and synoviocytes and increases glycosaminoglycan synthesis in
chondrocytes[ J]. Biochem Biophys Res Commun, 2001, 285(4);
926-931.

[5] Libreros S, Iragavarapu-Charyulu V. YKL-40/CHI3L1 drives in-
flammation on the road of tumor progression[J]. ] Leukoc Biol,
2015, 98(6): 931-936.

[6] Johansen JS, Christoffersen P, Moller S, ez al. Serum YKL-
40 is increased in patients with hepatic fibrosis[J]. ] Hepa-
tol, 2000, 32(6). 911-920.

[7] Nielsen KR, Steffensen R, Boegsted M, et al. Promoter pol-
ymorphisms in the chitinase 3-like 1 gene influence the serum
concentration of YKL-40 in Danish patients with rheumatoid
arthritis and in healthy subjects[JJ. Arthritis Res Ther,
2011, 13(3): R109.

[8] Huang H, Wu T, Mao J, et al. CHI3L1 is a liver enriched,
noninvasive biomarker that can be used to stage and diagnose
substantial hepatic fibrosis[J]. OMICS, 2015, 19(6): 339-
345,

[9] Kjaergaard AD, Bojesen S, Nordestgaard BG, etal. YKIL-40
and alcoholic liver and pancreas damage and disease in 86258
individuals from the general population: cohort and mendelian
randomization studies( J]. Clin Chem, 2014, 60(11); 1429-
1440,

[10] Berres ML, Papen S, Pauels K, et al. A functional variation

in CHI3L1 is associated with severity of liver fibrosis and

YKL-40 serum levels in chronic hepatitis C infection[J7]. |

Hepatol, 2009, 50(2); 370-376.

ik, REMB, B\ BHHUFRREREERE 0K

YKL-40 7K 5 FF £F 4 4L &y s SR 2r 97 ()], AP AE, 2016(1).

57-59,

Rath T, Roderfeld M, Guler C, ez al. YKL-40 and transient

[111]

{12]

elastography, a powerful team to assess hepatic fibrosis[J].

70



. 316 - (IR SRR )2017 4E40 37 B4 4 ¥

Scand ] Gastroenterol, 2011, 46(11): 1369-1380. HCV-associated liver disease [J]. World ] Gastroenterol,
131 Vallet-Pichard A, Mallet V, Nalpas, et al. FIB-4: an inex- 2005, 11(4) . 476-481.
pensive and accurate marker of fibrosis in HCV infection. [16] Lee CK, Antonio R, Perez-Atayde MD, et al. Serum bio-
comparison with liver biopsy and fibrotest[J]. Hepatology, markers and transient elastography as predictors of advanced
2007, 46(1) . 32-36. liver fibrosis in a United States cohort: the Boston children’s
[14] skEs, WEH, HER. ¥ FIB4 BB MIFREA hospital experience[J]. ] Pediatr, 2013, 163(4): 1058-1064.
ERFA4eibi iz El)). BB EMFRERE, 2009 [17] Lebensztejn DM, Skiba E, Werpachowska 1, et al. Serum
(3): 213-214. level of YKL-40 does not predict advanced liver fibrosis in
[15] Saitou Y, Shiraka K, Yamanaka Y, et a/. Noninvasive esti- children with chronic hepatitis B[J]. Adv Med Sci, 2007,
mation of liver fibrosis and response to interferon therapy by 52, 120-124.

a serum fibrogenesis marker, YKL-40, in patients with

Diagnostic value of double-antibody sandwich ELISA for serum YKL-40
in patients with liver cirrhosis

RAO Chun-mei, GAO Zhi-yuan, XU Yu-bing, FANG Meng, JIANG Qian-gqian, HONG Song, GAO
Chun-fang ( Department of Laboratory Medicine, Shanghai Eastern Hepatobiliary Sugery Hospital,
Shanghai 200438, China)

Abstract: We aimed to compare the concentrations of YKL-40 in the sera from healthy people and patients with liver cirrhosis
(LC) and asses its diagnosis values for I.C. The study consisted of 112 patients with LC and 114 healthy individuals. The con-
centration of YKL-40 was determined by a commercial Enzyme-linked Immunosorbent Assay(ELISA) kit. The YKL-40 level in
the serum of L.C group was significantly higher than that of healthy control group (P<C0.001). The ROC curve was established
by using the YKL-40 concentrations in serum. Compared with the healthy control group, the area under the curve of LC group
was 0. 934(95% confidence interval: 0. 904-0. 964). When the cutoff value of YKIL.-40 was set at 92, 25 ng/mL, the sensitivity
was 81.3%, and the specificity was 90. 4%. In addition, we found that the level of YKL-40 correlated with Child-Pugh stage
and the FIB-4 index in LC group. In conclusion, YKL-40 is highly expressed in patients with liver cirrhosis which might be a
helpful marker in the diagnosis of LC and in judgement of severity of LC.

Key words: liver cirrhosis(L.C); YKL-40; Child-Pugh; FIB-4 index
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Clinical Application Value of Chitinase-3-like Protein 1
in Patients with Different Liver Diseases
SHI Yu-ru', YUE Li',ZHAO Chang-cheng', YAO Yu-you®’, QI Ying-jie'

(1. Department of Infectious Diseases Hospital of Anhui Provincial Hospital ,
Hefei 230022, China;?2. Anhui Medical University , Hefei 230032,China)

Abstract. Objctive To explore the clinical value of Chitinase-3-like protein 1(CHI3L1) in patients with chronic hepatitis B

(CHB) , liver cirrhosis and liver cancer. Methods 96 clinically diagnosed patients in Department of Infectious Diseases Hos-
pital of Anhui Provincial Hospital from Jan 2016 to Feb 2017 (28CHB, 44livercirrhosis, 24liver cancer, 15healthy controls)
were analyzed. The serum level of CHI3L1 was measured by enzyme-linked immunosorbentassay (ELISA). The Golgi pro-
tein (GP73) was tested by double-antibody sandwich immunochromatographic assay. The Alpha-fetoprotein ( AFP) was
tested by means of chemical luminescence. Results There were significant differences between the groups of chronic hepati-
tis B (CHB) , liver cirrhosis,liver cancer and healthy controls on the CHI3LI level (y* =70. 249, P<C0. 001). The CHI3LI1
level of the liver cirrhosis group and the liver cancer group increased significantly compared with that of the healthy controls
(P<C0.001). The GP73 levels of these groups were significantly different (y°=44.963,P<C0. 001). The GP73 levels of the
CHB group, the liver cirrhosis group and the liver cancer group all increased significantly compared with that of the healthy
controls (P<C0. 05). The AFP levels of these groups were significantly different (Xz =57. 606, P<C0. 001). The AFP level of
the liver cancer group increased significantly compared with that of the CHB group, the liver cirrhosis group and the healthy
controls (P<C0.001). Based on the receiver operating characteristic (ROC) curve of CHI3L1,GP73 and AFP in the CHB
group and the liver cirrhosisgroup,the Area Under roc Curve (AUC) of CHI3L1 was 0. 953 (95% CI.0. 902~1. 000), the
sensitivity was 88. 6% ,and the specificity was 92. 9% , which was higher than GP73 and AFP. Based on the ROC curve of
CHI3L1,GP73 and AFP in the liver cirrhosis group and the liver cancer group,the AUC of AFP was 0. 930 (95% CI.0. 871
~0. 989) , the sensitivity was 75. 0% ,and the specificity was 97. 7% , which was higher than CHI3L1 and GP73. The corre-
lation between the CHI3L1,GP73 and AFP in CHB,liver cirrhosis and liver cancer groups were analyzed. There was a posi-

o EEREALT T (1984, F BRI, LRI BV, BFIC 6« W PR M B S 5 50 T2 7 , E-mail : 290797374@ qq. com,
i e ii VB AR B B AT I« I PR R e 955 550 5 18 1 55 BF 5, E-mail.: 7yingjie@ sina. com,
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tive correlation between AFP and GP73 (», =0. 491, P<(0.001), a positive correlation between AFP and CHI3L1 (r, =
0.452,P<C0.001) ,a positive correlation between GP73 and CHI3L1 (»,=0.554,P<C0.001). Conclusion CHI3L1 is good
at diagnosis of liver cirrhosism,better than GP73 and AFP. And AFP could be more beneficial in patients with liver cancer,

better than CHI3L1 and GP73.
Keyword: CHI3L1; liver diseases;clinical application value

(2017 F2BRIFRME ) EBR, 2IKE 3.25
fE NGB ORI R, WREHER
1530 s, W2 51 & 18 MR & 6 4k £E 2 1T
fE . FEE SRR G ERE N SRR A L N E
2, WagER B RS, BEH, AEE
Pz IR, TR WA A ™ R R0 3L R I
L YEACTE ) AR EE A, — B E NI FEES
JI 5 ), DLAE SR R R KR 8 H-73 (golgipro-
tein73, GP73) . H fii #5 A (alpha fetoprotein, AFP)
S50 b 000 JHF 4 48 Ak R, L R BURE RR R AR
AU AR ARk BEE 2 W H R B &R I T 5T
LR 3 FEAE E 1(CHIZLD) 78 AT IE 52 9% v Y % 51
AR ARG RS A E, SRR, 2R 4
AL F k4> CHISL1™ ,CHI3L1 ik & 5 418
PE R i B 4 B & B Jo F 4 45 B R ) FE I R
Bz W HET S, (A 3¢ CHISLL 78 CHB. - #
b 98 55 52 08 19 AR TR] [ B /KT 28 1k i BF 5% 5 7 4R
W, B SO 2T R Y i B R AT I T
CHISL1 ¥, [FlAt 5 GP73, AFP #8#r# 17 %2,
MR CHIZL1 72 CHB. AT 88 4k DL K& T 98 5 3%
Hh i R R A
1 #RSHF*

1.1 s+ Yo 2016 £ 1 A ~2017 F 2 A
09 18] 76 6 Be £ Be (9 HBV BE 3L & I 3% 41 A 96 4],
Ho CHB 41 28 #, B 20 4, &tk 8 6, F ¥4
W 43.7+11. 2 % I AL A 44 1], B H: 40 B, &
4 B, FHER 50. 11124 3 P4 24 6], B
Pk 20 B, 2tk 4 ), 2 4E S 57,511, 3 & s (R
X} 2H 15 i, B A% 10 B, 2ok 5 B, T 4R ER 53. 6
+10.6 % iR ETLHMASE LR, CHB I
LW SRR SR ESKEBITHE S
R % Bl I6 46 76 (2015 4F RO YET

1.2 B HXAN IMFE CHIZL1 E &AM N
BN B B A W 4 R A B A 72 9 ELISA X7 &, B

PRI ] Wellscan K-3 A4 ; il 7 GP73 #:f 5% Fdk
FAAFE Y HEH AR A FHAA L A A R R Y
UPT-3A B ; i 7% AFP R Ak &, {88
5iAF B A F R,

1.3 %k FRHEMA CHB AL P& 8K
Fr X B4 R 2 M FE kI, 3 000r/min & > 10
min, 7F & LW G AT R0, R A ELISA ¥ &
Rl CHIZLY, A F AU A4 e .0 fie 9 2 A ik ks Tl
GP73,iz flfb % kb k& &M AFP, & &%
AR FRHR T U AT, B ORI f
FI T AR B bR o R R B A, HLGS SR e
1.4 %t F 54 R SPSS23.0 #4471 4b
B, BT OR DL Y Ao R BE AT R OR , 2 4l A9 He
R Kruskal-Wallis H #:50, 2 41 £ A< 8] 19
M3 K FH Nemenyi M %, P<0.05 N ZER B4
2R X R Spearman B 5% 43 BT 4 1R 50 48 A
B, P<<0.05 AZERAZIT¥RE X RHA
ROC M £ #E 47 AR 48 b5 1 AL RE 7347 .

2 #R

2.1 CHB %8 A A 4L 20 BF & 20 o 4 B 1K 45 20
CHI3L1,GP73,AFP & -Fit WLFE 1, 43 70%F
CHB 41, I 6 1k 41, BF o 41, 18 3 ik & 41 1)
CH3L1,GP73, AFP B & R # 17 Kruskal-Wallis
H 50 I 0047 9 4, 45 R B8 & 41 8] CH3L1
ERHGIHERE L (" =70. 249, P<0. 001) , H H
it R AAS: 2 5 8 A R IR Ak 4 B9 CHBLL K
ERBLEIHFE L (P<0.00D),/85 CHBH £ %
TG 2R L (P>0.05); &£ 418 GP73 R E &
TH R X (4" =44. 963, P<C0. 001) , F o ft FE 4 75
T CHBY A MIFEA. ZEREHITFE
SL(P<20.05); & 4] AFP 2 %6 G5 X (°
=57.606,P<C0.001), Ko iF g4l B 3% & T CHB
4 O FREfL A Fnfa R R M 4], 2 RBHITFE X (P
<<0.001),

*1 S ZHFE FFELE FEA EBREKE CHI3SL1,GP73, AFP iR B &
a5 CHI3L1(pg/ml) GP73(ng/mD AFP(ng/ml)
. M P25 P75 M P25 P75 M P25 P75
CHB 4l 148. 38 122. 64 199. 55 72.53 38. 26 123. 80 2.58 1.45 20. 02
JFREf A 655. 38 343, 46 982. 78 146. 89 73. 81 298. 98 5.12 2. 96 27. 74
R4 792.10 247. 61 1082. 44 107. 96 52. 21 172.92 931. 65 96.9 1210
{4l 65. 3 49.9 87.9 56. 76 42. 09 64. 87 1.1 0.8 2.2
1% 70. 249 44, 963 57. 606
p <0. 001 <0. 001 <0.001

VENA ﬁﬂ/rﬁl



AR EFERE

32k HeMW 2017411 H ] Mod Lab Med, Vol. 32, No. 6, Nove. 2017

41

2.2 GP73,CHI3L1 #= AFP £ CHB % # A& &
YLP R B A 5 B A A T Al CHISL1
7 CHB F T ® b 41 b i 52 4 16, ¥ CHB 41 F0
AFEfb 41 B B9 GP73, CHISL1 VL & AFP ¥ J¥ i
ROC %k ,GP73 ) ROC M1 4 /8 . GP73 1Y
AUC K 0. 710095 % A {5 X [6] . 0. 588 ~0. 833) , &
JRCRE AR 4 Bl R 50. 0% A1 89. 3% ; CHIBL1
B AUC A 0. 953(95 % AT {5 X [] 0. 902~1. 000) ,
U RE AR S 4> B A 88. 6% Al 92. 9% ; AFP 1Y
AUC 5 0. 623(95% A {5 X [] . 0. 487 ~0. 760) ,
JRRRE AR S RE 3 W R 81. 8% A 50% ., CHI3LL 1&
CHB. I fb 41 v i ¢ 55 JE 5 BURE 118 T GP73
il AFP, WA 1,

ROC Curys Source of e
1.0F e Carve
5 3 o J—up . |
—=—arp

08 —S—GHEL
= i =l Rt unc L
Soaf
= "
-
Jout | s

02F

0.0

Ul"l ﬂl.'.‘ CJLJ -fll-ﬁ II-‘H 1-n

1-Spacihcly

B 1 1mi& GP73,CHI3L1, AFP 3 CHB &

i BF A 4k 40 4 B 3L BE B9 ROC B 28 947

2.3 AFP,GP73 #= CHI3L1 & I /& 48 F= I A2 4L
WP W E R FE SN AT R4S I
CHISL1 7¢ H- 28 F 6 Ak 241 o 9 5 FH 48 B 1
T FATREfL4H P iy AFP,GP73 F CHI3L1 ¥ ¥
it ROC f1£: , AFP B9 AUC K 0. 930(95% A {5 X
] ;0. 852 ~ 1.000), & & FE F1 %F 5 B 4 5l A
75. 0% F1 97. 7% ;GP73 ) AUC K 0. 377(95% A
X [8] . 0. 212 ~0. 542) , B J2% FF F0Re 52 BF 20 B 4
33. 3% 1 40. 9% ; CHI3L1 B AUC & 0. 5(95% 1]
fE X [8] 0. 291 ~ 0. 709) , 3 /8 BF Al 45 5 BE 4 70 A
75% M 2.3% . AFP 7 VA4 BT 95 41 F0 T 6 fb 41 o
MR R ES REEE S T GP73 5 CHI3LL, WA
s

ROC Curva Bows of lhe
¥ — . Cutve
: ' ool
- 0.0t b ekl AFP
= —CHISLY
& 0.af 8 4 HAnfarances Lins
w A
E Odg i
el F

0.0 : -
0.0 G204 008 0810
1-Spaciiciy

B 2 Mm% GP73,CHI3L1,AFP 3t FFEE
TR R4 S BIRTEER ROC #h 28 & 4F

74

2.4 R Mk 9% 4 ik AFP,GP73 4= CHI3L1
Z | ey Aa k% 5 R Spearman Bk A#H 2K 73
CHI3L1,AFP fll GP73 Z [l fY H & X K R, 45
RER,AFP 5 GP73 Z2IEM K (r,=0.491, P<C
0.001),AFP 5 CHI3L1 2 E % (»,=0.452, P
<C0. 001) ,GP73 5 CHI3L1 £ IE# % (r,=0. 554,
P<20.001),
30 WiE  IFEF4EAb 2 By 2 A [R)99 B0 I BE 3 AR
88 A 40 . G SR AN B s o AR R R s I
FE HE B A/ e AN T 2 2 S R Rk A Ak
JF48 , % R 3 G A T TR S o ™ T AR
A 0, TR BT B9 0T 5 Y I T 22 W A8 B L 6 T AR
YE L2 W K sh 75 W B A B B A I R B X,
GP73 H i & % H F I 4 4 1k 09 15 &= 48 45
AFP W 2& ¥ A EHizHHER, B2, €
TTAE W 4 T s - 0 HL 2 U0 R Ak | P9 e, RO
BAE . ME CHISL1 2 —f & 383 &R, &
& 42. 6KD M AL 5, 4 % CHISLL 1Y
HEMFPARAMALEN 1 S ek B, BEERF
HEY,CHBLL EH K535 8. .
JHF988 25 22 F oo AE O 00, g i A+ 4 0 % CHISLL Y
PEREUEAT PR A, 3 0 CHISL1 7 L% Bh AT % B9 2
Wi, 1 Huang 45 BF 58 % 8L, 76 AF 8 4L & B M9 A )
B, CHISLL I3 2 48 b7 23 Bl I 2F 4 Ak )™ B F2
#ir E b, 52X CHI3L1 5 GP73, AFP &
CHB . 85 16 F0 488 H i 0 R B A DG dig i 7,
T PFAE CHI3L1,GP73 #l AFP 7E A [R AT %
Ol R, ASBIF 5T 23 9l A6 I CHB 41 BT fk & |
JFEE4H 89 CHI3L1,GP73 1 AFP BY¥ & 3 ik 47 b
B, SRER FEAMFEALAR CHISLL K
LR R T BR A, O Bl R A B 0 B, il T
CHISL1 A B0 2 A W 7t 5 L #78 CHISLL A
LLAE S 9k 1 I T 48 A, B8 B G IR 12 B 5 IR T .
CHIBL1 MR K& 2 AT REAE7E P Fh i 35 0y X, —Fb
S22 M I 4 00 ER A R IT £ AL, —Fh R i Ak
JHF W 40 B o 545 . (EL45 SR A R, CHI3L 7 fi B
H5 CHBAZREHKITEE L, X 5k5 %50
ARG R — 3, BRIEFE R A Rk — 205,
Xt GP73 M @ %, CHB 4 AP Ak 40 T 4 %
BT R, EZREEITFE, U EEFE e,
GP73 MRA I N B E , X 5HBHEM AWHR
25—, U GP73 BRI Bh 48 S fa 5 A R0 4
e N, BT AE R 2 52 B 25 4k 40 F2 B /Y — > 1R 45 38
br. AN AFP EMFE4H B % & T CHB 4 i iF
A MERESA, BERESRITFE X (P<
0. 001, #E— A0 AFP 76 i 12 W7 | i i E 4,
B — B A R IR 0 s o AR A g



42 AT B2

H32k HeH 20174 11 A ] Mod Lab Med, Vol. 32, No. 6, Nove. 2017

J T Wi T f# CHI3L1, GP73 #1 AFP 7
CHB. 8 £k FF 48 v 19 12 W 2868 02 5 77 7 22 531
sy 30K CHB 41 5 BF 6 4k 41 | I 68 4k 5 JF 98 41 o
CHI3L1,GP73 1 AFP i#47 AUC L., 4R &
7N TE S5 CHB F AL, CHISLL /9 SRk Al
W REEE T AFP Ml GP73,#/, CHISL1 22—
AR 45 1) JHF JUE £ 4E £k 1fi 3 2 48 A1 ok X 20 CHB Fi i
ik, 7E 8 AL F I B9 ROC #iZe v, AFP 1Y%+
5B BUR B E AL T CHISL1 1 GP73,4&/R AFP
TEEMME2H EAEREENEX, XA
RESE A AFP 2 i 140 B 43 30 19, T CHISLL &2
RSN O S R D DR = R e g D
A R BUE AR 5 RE AR S ) AFP,

J T CHISL1,GP73 fil AFP 7& A [5) JiF ik
PN AR S AR TR R T A e A BT LA R B
xR CHI3L1 5 GP73,AFP E R EFIEH X, #—%
Ui B M7 CHISLY 897K V722 1k 5 I 21 4E 4k 98 19
T B8 5 D) AH G, AR LA Ay IR A 5% i 32 J 1 ik A7
WA A

25 Rk, i CHISLL 78 FFHE£F 4tk 48 45 19
W  HREE 555 B3I T GP73 #l AFP,
A RAAE hy I E £F 4 Ak i —Fb B0 22468 45 , I BL7E
JF 48 B 98 B 12 W B — E R Bl B
ESE
[1] Bussink AP, Speijer D, Aerts JM, et al. Evolution of

mammalian chirtinase (-like) members of family 18

glycosy hydrolases[ ] . Genetics, 2007, 177 (2) : 959-

970.

[2] Schleiss MR. Congenital cytomegalovirus infection:
update on management strategies[ J |. Curr Treat Op-
tions Neurol,2008,10(3):186-192.

HRRES SRS, PREF SRR ST 2.
18P 2 B BF R B YA #8 F (2015 4R KO [T, 35 A AE %
Z=&,2016,19(3) . 5-16.

(3]

Chinese Society of Hepalology, Chinese Medical As-
sociation Chinese Society of Infectious Diseases, Chi-
nese Medical Association. The guideline of prevention
and treatment for chronic hepatitis B (2015 version)
[J].J Prac Hepatol 2016,19(3) :5-16.

XE &, F. A48 0 R IR AE (T BT B,
2013,18(6).:414-417.

Liu YH, Xie Q. Clinical evaluation of liver fibrosis
[J]. Chinese Hepatology,2013,18(6) .414-417.
Hakala BE, White C, Recklies AD. Human carilage

[4]

(5]
GP39,a major secretory product of articular chondro-

cyles and synovial cell, is a mammalian member of a

chitindsd) pEin family[J]. J Biol Chem, 1993, 268

75

(34) :25803-25810.

[6] Ryder SD,British Society of Gastroenterology. Guide-
lines for the diagnosis and treatment of hepatocellular
carcinoma ( HCC) in adults [ J]. Gut, 2003, 52
(Suppl3) :1111-8.

iﬁﬁfﬁﬁ W, LEE,E REEBIEER 1M

REVE O B AR AT 40 M o W w0 A8 BRI (T . 35

Fﬁﬁi/w,zow 32(19) :3248-3250.

Xie EF,Zhang QD, Ma JF, et al. The performance e-

(7]

valuation of chitinase-3 like 1 protein and its prelimi-
nary application in the diagnosis of hepatocellular car-
cinomal J ]. Journal of Practical Medicine, 2016, 32
(19) . 3248-3250.
[8] Huang H,Wu T,Mao J,et al. CHI3L1 is a liver-en-
riched, noninvasive biomarker that can be used to
stage and diagnose substantial hepatic fibrosis|[] ].
Omics A Journal of Integrative Biology,2015,19(6) .
339-345.
I BTN E = F REMBINESLS
UG 2 B AR AT I 2 T P i L AR LT . B B R
2R E,2017,32(1) . 45-47, 52.
Zhang QD, Xie EF, Ling Y, et al. Comparative diag-

[9]

nostic value of chitinase-3 like 1 protein and AFP in
the diagnosis of hepatocellular carcinomal J]. J Mod
Lab Med, 2017,32(1) .:45-47,52.
HEW,REX. BT RATELRE M GP 73 A
FH S8 b B9 AR 0 B K e R 52 R A 2 A T . BLACAR:
BWEHAEE,2014,29(6) . 142-144.
Huang SM, Wu YL. Clinical value of detecting ser-

[10]

um GP53 and related indexes of live fibrosis levels in
patients with hepatitis B cirrhosis[ J]. ] Mod Lab
Med, 2014,29(6) . 142-144.
[11] Sang W,Zhang W,Cui W,et al. Arginase-1 is a more
sensitive marker than HepPar-1 and AFP in differ-
ential diagnosis of hepatocellular carcinoma from
nonhepatocelluar carcinomal J ]. Tomour Biol, 2015,
36(5).3881-3886.
M R, R EE. WE GP73 B A& AFP,CEA,CA
199,GGT Wl 7 PHC 8 % 2& ) i I E [T, #4
W AE,2016,16(4) :467-470.
Ye PL, Wu XM. The srignificance of combined de-
tection of serum Golgi protein 73, AFP,CEA,CA199

[12]

and GGT in the early diagnosis of primary hepatic

carcinonal J]. ] Trop Med,2016,16(4) .467-470.
W75 B #:2017-06-13
& E B #:2017-11-10



. Original article

Comparison of chitinase-3-like protein 1, aspartate
aminotransferase-to-platelet ratio index, and

fibrosis-4 index with shear-wave elastography
Saadiya Mushtag?, Eijaz Ghani®, Khalid Azam® and Tabinda Hussain®

Background In the past, there has been an exponential increase in the potential biomarkers that can be used for staging of liver
fibrosis. In light of intraobserver and intralobular variations, criticism has been directed at liver biopsy, and its efficacy has been
challenged. Shear-wave elastography (SWE) has become a routine method for pre-assessment of liver fibrosis. Serum markers
such as chitinase-3-like protein 1 (CHI3L1) also known as YKL-40, aspartate aminotransferase-to-platelet ratio index, and
fibrosis-4 (Fib-4) index have been researched as potential alternates to detect liver fibrosis.

Study A total of 150 enrolled patients with chronic hepatitis underwent serum analysis to estimate CHISL1 or YKL-40 level,
aspartate aminotransferase-to-platelet ratio index, and Fib-4 index. These patients also underwent SWE.

Results The distribution of fibrosis grade according to SWE was FO: 46 patients, F1: 31 patients, F2: 16 patients, F3: four
patients, and F4: 53 patients. Receiver operating characteristic curve analysis for FO-F1 versus F2-F3, FO-F1 versus F4, and
F2-F3 versus F4 gave area under curve values of 0.56 (P> 0.05), 0.76 (P < 0.01), and 0.75, respectively (P < 0.01) for aspartate
aminotransferase-to-platelet ratio index; of 0.65 (P <0.05), 0.78 (P<0.01), and 0.7, respectively (P < 0.05) for Fib-4 index; and
0.98, 0.99, and 0.95, respectively (P<0.01 for all) for CHI3L1.

Conclusion CHISL1 could be used as a preliminary tool to assess mild/absent fibrosis from significant fibrosis and cirrhosis. Eur

J Gastroenterol Hepatol 00:000-000

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

Introduction

Fibrosis is one of the best predictors of management and
outcome in chronic liver diseases. Liver fibrosis is a com-
mon clinical manifestation in response to liver injury
caused by viral infections of hepatitis B virus (HBV) and
hepatitis C virus (HCV). Fibrosis can also occur as a result
of alcoholic steatohepatitis or nonalcoholic steatohepatitis.

Fibrosis in the liver is characterized by increased accu-
mulation of extracellular matrix proteins (ECM) as a result
of persistent liver injury. During fibrogenesis, hepatocytes
are replaced by ECM proteins including collagen, fibro-
nectin, and others. The deposition of fibrotic tissue also
varies with the site of liver injury [1].

For a long time, liver biopsy has been considered the
‘gold standard’ for determining the presence and subse-
quently the stage of fibrosis. A crucial drawback of setting
biopsy as the gold standard is the inconsistency between
observer judgments [2,3]. In addition to this, sampling size
variabilities and intra-lobular variation in fibrosis grade
can also affect the diagnosis [4]. Moreover, there are
chances of sampling error when just 1/50 000 of the total
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liver is taken under consideration [5]. A comparison of
various surrogate methods to assess the stage of fibrosis
with liver biopsy has suggested that biopsy may be the
‘best’ available standard but certainly not the gold stan-
dard, and there is need to research and standardize the use
of nonbiopsy related markers [6-11].

There are various scoring systems for estimating the
stage of fibrosis based on liver biopsies which have been
replicated for use in noninvasive methods as well.
METAVIR scoring system is a routinely used method that
categorizes fibrosis between FO and F4 stages [12], where
FO signifies no fibrosis; F1, portal fibrosis without septa;
F2, portal fibrosis with few septa; F3, numerous septa
without cirrhosis; and F4, cirrhosis. One such noninvasive
technique is shear-wave elastrography (SWE), which uses
radiations from focused ultrasound beams to estimate liver
stiffness [13]. SWE has shown good agreement with liver
biopsy, with area under curve (AUC) ranging between
0.84 and 0.87 in one study [14] and as high as 0.97 for
assessment of different stages of fibrosis assigned by liver
biopsy in another study [15].

Fibrosis is a reversible disease, and timely diagnosis can
prevent progression to cirrhosis or liver failure. The benefit
of noninvasive markers for diagnosing fibrosis has been
established in various studies, and their use in differ-
entiating between cirrhosis and mild fibrosis has also been
proven. In this study, we aimed to understand how well
different serum makers such as chitinase-3-like protein 1
(CHI3L1), aspartate-to-platelet ratio index (APRI), and
fibrosis-4 index (Fib-4) performed against SWE as a
reference method.

DOI: 10.1097/MEG.0000000000001291 1
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Patients and methods
Study population

Patients with chronic HCV and HBV were enrolled in the
study. The sample included 128 (85.4%) HCV-positive cases
and 21 (14%) were HBV positive, whereas the infection
status of one patient could not be confirmed. The study was
approved by Internal Review Board of the institution, and all
patients gave informed consent for participating in this study.

Patient data such as age, sex, and previous history of
disease were collected. A blood sample was drawn from
each patient, which was then analyzed using standard
diagnostic protocols to determine prothrombin time, ala-
nine aminotransferase (ALT), aspartate aminotransferase
(AST) (U/1), platelet count (x10°/1), albumin (g/1), bilirubin
(umol/l), and CHI3L1 protein (ng/ml) levels.

Shear-wave elastography

After collection of blood samples, each patient underwent
SWE on APLIO 500 system (Devon Medical Equipment Ltd,
South West, UK). The respective values of liver stiffness were
recorded in kilopascals, and METAVIR fibrosis grade corre-
sponding to the SWE result was assigned, where FO corre-
sponded to no fibrosis, F1 to portal fibrosis without bridges/
septa, F2 to portal fibrosis with rare bridges/septa, F3 to
numerous bridges/septa without cirrhosis, and F4 stage
signified cirrhosis. The reference ranges predefined by the
radiologist for fibrosis grade interpretation were used,
where less than 8 kPa=F0, 8-9kPa=F1, 9-15kPa=F2,
16-26 kPa=F3, and more than 26 kPa=F4.

Chitinase-3-like protein 1 protein immunoassay

CHI3L1 ELISA Kit manufactured by Proprium Biotech Co.
(Hangzhou, China) was used to assess the levels of CHI3L1
(YKL-40) in the serum. Standard manufacturer’s protocol
was followed to perform ELISA, and the respective con-
centrations of CHI3L1 protein in the serum were recorded
in ng/ml. Serum CHI3L1 protein levels of 11 healthy con-
trols were also assessed, where a mean value of 42+ 16 was
observed and the levels ranged between 32 and 75 ng/ml.
According to the manufacturer’s instructions, CHI3L1
levels less than 79 ng/ml signified no significant fibrosis,
between 79 and 177 ng/ml meant significant fibrosis, and
more than 177 ng/ml implied cirrhosis.

Aspartate-to-platelet ratio index and fibrosis-4 index

APRI was calculated using the methodology by Lin and
colleagues [5,16], whereas Fib-4 index was calculated
using the model by Sterling et al. [17]. The relation used to
compute each value was as follows:

AST /40
Platelets

AgexAST

APRL = Plateletsx /ALT"

x100 — Fib4 =

Statistical analysis

All statistical tests were carried out in SPSS version 24
(IBM Corp., Armonk, New York, USA) and MedCalc
version 17.4 (MedCalc, Ostend, Belgium). After descrip-
tive analysis, one-way analysis of variance was used for

Month 2018 e Volume 00 e Number 00

parametric data and Kruskal-Wallis test was used for
nonparametric data. Correlation of AST, ALT, platelet
count, APRI, Fib-4, and CHI3L1 protein levels was cal-
culated using Spearman’s method. Inter-rater agreement
k was computed using Cohen’s method. Receiver operating
characteristic (ROC) curve analysis was used to compare
diagnostic accuracy of APRI, Fib-4, and CHI3L1 protein
against fibrosis grades assigned by SWE.

Results
Study population

The mean age of our study population was 48.6+ 12.6 years.
There were 95 (63.3%) male and 55 (36.7%) female
patients. Although the HBV-positive group was small (21
HBV vs. 128 HCV), when CHI3L1 protein levels were
compared against viral infection status, there was no sig-
nificant difference in the mean values of ALT, AST, platelet
count, and CHI3L1 protein levels between HBV-infected and
HCV-infected patients. The mean value of each parameter is
given in Table 1.

Aspartate aminotransferase, albumin, chitinase-3-like
protein 1 protein levels, and platelet counts vary with
fibrosis grade

According to SWE results, 46 patients had no fibrosis (F0),
31 had mild fibrosis (F1), 16 were graded as F2, four
patients had F3 fibrosis, and 53 patients had cirrhosis (F4).

When variation between fibrosis grade versus ALT and
bilirubin values was tested, their levels did not differ sig-
nificantly between different stages of fibrosis. On the
contrary, when AST, albumin, and CHI3L1 protein levels
were compared against fibrosis grade, P value of less than
0.001 was obtained, whereas platelet count varied sig-
nificantly, with P value of less than 0.05. These results
implied significant variation of AST, albumin, CHI3L1
protein levels, and platelets with respect to fibrosis stage.

Chitinase-3-like protein 1 protein levels correlate well
with fibrosis grade

For each parameter, Spearman’s correlation with the
METAVIR grade was computed. The correlation coeffi-
cient p between fibrosis grade and CHI3L1 protein level
was 0.9, with a P value less than 0.01. Fib-4 and APRI
returned a p value of 0.5 and 0.45, with P value less than
0.05. The distribution of APRI, Fib-4, and CHI3L1 pro-
tein levels with fibrosis grades is depicted in Figs 1-3.

Table 1. Basic history and biochemical features of study population

Parameters Mean Valid (N)
Age 48.6+12.6 150
ALT 50.6+43.9 148
Albumin 39.1+6.3 148
AST 39.1+37 146
CHI3L1 211+235 150
Platelet count 192.3+875 148
Bilirubin 30.8+69.5 147
Prothrombin time 156.5+3.8 149

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CHI3L1, chit-
inase-3-like protein 1.
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Fig. 1. Boxplot of aspartate-to-platelet ratio index (APRI) against fibrosis
grade. Spearman’s correlation p is 0.45, with P value less than 0.05. The
boxes carries 50% of the data; horizontal bars indicate median value, and
T-bars indicate minimum and maximum ranges. *Extreme outliers, °near
outliers.
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Fig. 2. Boxplot of fibrosis-4 (Fib-4) index against fibrosis grade. Spearman’s
coefficient p is 0.502, with P value less than 0.01. The boxes carries 50% of
the data; horizontal bars indicate median value, and T-bars indicate minimum
and maximum ranges. *Extreme outliers, °near outliers.

Diagnostic accuracy of chitinase-3-like protein 1 protein
was greater than fibrosis-4 and aspartate-to-platelet
ratio index

For the purposes of correlating the values of APRI, Fib-4,
and CHI3L1 protein assay against SWE, the results of
SWE were grouped into three categories. The first being
absent to mild fibrosis (FO, F1) versus significant fibrosis
(F2, F3). The second group was absent to mild fibrosis (FO,
F1) versus cirrhosis (F4), and in the third category, SWE
results were categorized as significant fibrosis (F2, F3)
versus cirrhosis (F4). These values were then compared
against CHI3L1 protein levels, APRI, and Fib-4 to see how
well each test could differentiate between the two diag-
nostic states of each group. The results of all ROC curves
are summarized in Table 2.

Fig. 3. Boxplot of chitinase-3-like protein 1 (CHI3L1) (YKL-40) against
fibrosis grade. Spearman’s coefficient p is 0.91, with P value less than 0.05.
The boxes carries 50% of the data; horizontal bars indicate median value,
and T-bars indicate minimum and maximum ranges. *Extreme outliers, °near
outliers.

(1) ROC curve for differentiating between FO-F1 and
F2-F3: In this group, the prevalence of positive disease
state (significant fibrosis) was ~20%. CHI3L1 protein
had the largest value of AUC that signified greater
specificity and sensitivity in differentiating between
absent to mild fibrosis from significant fibrosis
(excludes cirrhosis).

(2) ROC curve for differentiating between FO-F1 and F4:
The sensitivity and specificity for the detection of mild
to absent fibrosis from cirrhosis are given in the
Table 1. In this group, the prevalence of positive
disease state (cirrhosis) was ~40%. The AUC of
CHI3L1 protein against diseased and nondiseased
state was 0.99, whereas APRI and Fib-4 had area
under the curve of 0.76 and 0.78, respectively.

(3) Receiver operating characteristic curve for differen-
tiating between F2-F3 and F4: In this category, the
prevalence of positive disease state, that is, cirrhosis,
was ~76%. The sensitivity and specificity for diag-
nosing significant fibrosis and cirrhosis are given in the
Table 1. The AUC of CHI3L1 protein against diseased
and nondiseased state was 0.95, whereas APRI and
Fib-4 has area under the curve of 0.75 and 0.7,
respectively.

Chitinase-3-like protein 1 protein levels and shear-wave
elastography fibrosis grades agree with each other

According to the manufacturer’s protocol, the CHI3L1
levels cannot differentiate between FO versus F1 and F2
versus F3. Therefore, we predicted new cutoff ranges for
differentiating between different fibrosis grades. Based on
optimal cutoff obtained from ROC curve analysis,
CHI3L1 protein levels below or equal to 75 were assigned
FO stage, whereas levels ranging from 76 to 90 were taken
as F1 stage. As there were only a few samples that corre-
sponded to the F3 grade, CHI3L1 protein levels ranging
from 91 to 190 signified either F2 or F3 stage. CHI3L1
protein serum levels of at least 191 were assigned F4 grade.
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Table 2. Diagnostic accuracy of aspartate-to-platelet ratio index, fibrosis-4, and chitinase-3-like protein 1 in differentiating between FO-F1 versus

F2-F3 versus F4 stage of fibrosis

Metavir stage Marker AUC Optimal cutoff Sensitivity Specificity PPV (%) NPV (%)
FO-F1 vs. F2-F3 APRI 0.56% >0.258 75 47.95 27.7 87.82
Fib-4 0.65* >0.786 73.68 53.4 29 88.66
CHI3L1 0.98** >90 100 97.4 90.89 100
FO-F1 vs. F4 APRI 0.76** >0.486 70.6 82.19 73.26 80
Fib-4 0.78** >1.26 80.39 71.2 65.98 83.9
CHI3L1 0.99** >112 98.1 98.7 98.11 98.69
F2-F3 vs. F4 APRI 0.75** >0.56 66.0 88.2 94.37 46.37
Fib-4 0.7* >1.267 81.1 56.2 85.9 473
CHI3L1 0.95** >180 94.5 88.2 96.28 83.2

Optimal cutoff corresponds to the sensitivity and specificity values calculated with Youden index.
APRI, aspartate-to-platelet ratio index; AUC, area under characteristic curve; CHI3L1, chitinase-3-like protein 1; Fib-4, fibrosis-4; NPV, negative predictive value;

PPV, positive predictive value.
*P> 0.05, insignificant outcome.
*P < 0.05, significant outcome.
**P < 0.01, significant outcome.

Cohen’s k can compute agreement/reliability between two
observations that have continuous values; therefore, the
stage of fibrosis from SWE estimation was compared
against fibrosis stage calculated according to the above
cutoffs for CHI3L1 levels. The inter-rater agreement
between the two observations was k=0.88 (P < 0.01), if F2
and F3 stage of SWE estimated fibrosis was pooled as one
group, whereas k=0.72 (P <0.01), when F2 and F3 were
treated as different groups. x Values above 0.8 signify
excellent agreement between the fibrosis stages determined
by CHI3L1 protein levels against the fibrosis stages esti-
mated by SWE, whereas between 0.6 and 0.8 are inter-
preted as good agreement.

Discussion

SWE is considered the best alternate to biopsy by most
clinicians. In a recently published meta-analysis, SWE agreed
very well with liver biopsy results. The pooled sensitivity and
specificity of SWE ranged between 85-90 and 81-88%,
respectively, for differentiating between different stages of
fibrosis [18]. Therefore, we chose SWE as reference method
and assessed the performance of different markers of fibrosis
such as CHI3L1 protein or YKL-40, APRI, and Fib-4 index
against it. Our results showed that serum CHI3L1 protein
levels correlated most closely with the assessment made
through SWE. CHI3L1 protein increased progressively with
advancing stage of fibrosis, and there were very few outliers
in each stage as shown in Fig. 3.

With respect to diagnostic accuracy, CHI3L1 had a
mean AUC of 0.97 for differentiating between different
stages of fibrosis. The highest sensitivity was 100% for
differentiating between mild/absent fibrosis and significant
fibrosis, and highest specificity of 98.7% for differentiating
between mild/absent fibrosis and cirrhotic liver. Moreover,
there was very good inter-rater agreement between
CHI3L1 and SWE (Fig. 4).

Fib-4 index was the second to best at differentiating
between fibrosis grades with a mean AUC of 0.7. The
index had the highest sensitivity and specificity values of
80.4 and 70.2, respectively, for FO, F1 versus F4 ROC
curve (Fig. 5).

The performance of APRI against SWE was not as good
as CHI3L1 or Fib-4 in our study. However, the index has
been previously performed, with AUC ranging between

0.77 and 0.83 for different stages of fibrosis [16] and
achieved AUC between 0.8 and 0.9 in another study [5]. In
an analysis of several serum markers in a group of 1252
HCV-infected patients, simple platelet count was observed
as the most predictive for evaluation of fibrosis. Both APRI
and Fib-4 use platelet count in determining the index value
[19]. The use of these two indices in predicting liver-related
mortality was also confirmed in a group of HCV and HIV-
infected individuals [9].

There have been several studies that have compared the
performance of CHI3L1 levels against fibrosis graded liver
biopsies. In a recently published analysis that compared
CHI3L1 levels with fibrosis in NAFLD, AUC of 0.76 for
diagnosing advanced fibrosis was achieved [20]. A previous
study compared digital quantification of fibrosis and several
serum markers. Their analysis found lower AUC of CHI3L1
levels and higher rate of false positives compared with hya-
luronic acid. However, Mehta et al. ([11]) concluded that
CHI3L1 was effective at differentiating advanced fibrosis and
cirrhosis from earlier stages of fibrosis.

The cellular function of CHI3L1 protein has been
implicated as a growth factor [21], and its role in remo-
deling of ECM has also been suggested [22]. Recent
research has suggested that this glycoprotein can promote
angiogenesis by activating the mitogen-activated protein
kinase/extracellular signal regulated kinase pathway,
which is essential for cell proliferation [23,24].

Some researchers have also observed CHI3L1 role as a
prognostic factor in determining disease outcome. Elevated
serum levels of CHI3L1 protein have been reported as highly
predictive of survival rate and disease progression in patients
with chronic HCV [25,26]. The first study to correlate
CHI3L1 levels with increasing grade of fibrosis was con-
ducted by Nojgaard et al. [26] where they found that in case
of normal liver histology, CHI3L1 had a mean value of
102 ng/ml. There is wide variation between the threshold
values of CHI3L1 protein or YKL-40, which has been
recommended in different studies [27]. In our study, we
proposed that CHI3L1 protein levels less than 75 ng/ml,
between 76 and 90 ng/ml, between 91 and 190 ng/ml, and
more than 190 ng/ml were able to predict FO, F1, F2-F3,
and F4 stage, respectively. Although markers such as Fib-4
and APRI have a standard range for interpretation of
fibrosis stage, CHI3L1 protein serum levels are yet to be
standardized to get cutoff values for each stage of fibrosis.
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Fig. 5. Scatter-plot of chitinase-3-like protein 1 (YKL-40) for all samples
against fibrosis grade. SWE, shear-wave elastography.

The benefit of using noninvasive serum markers to
assess the stage of fibrosis is partly in ruling out advanced
stages of fibrosis. Serum markers such as Fib-4 and
CHI3L1 protein can identify liver fibrosis irrespective of
the limitations associated with SWE, such as its inability to
perform well in obese patients. Over-weight individuals
have greater propensity to develop liver diseases [28,29];
therefore, a technique that makes clinical judgment harder
in these cases compromises its efficiency.

The cellular source of CHI3L1 protein is thought to be
hepatic stellate cells; more recent evidence suggests that this
protein could have inducible expression in case of inflam-
matory signals. Macrophages, airway epithelial cells, and

carcinoma tissue have all been observed to secrete CHI3L1
protein under various conditions [20,30,31]. There has also
been some discussion on the association of CHI3L1 pro-
moter polymorphism (G131—C) with the severity of fibrosis
and other inflammatory diseases. However, the results have
been inconclusive as there has been no consistent observation
regarding this polymorphism’s correlation with fibrosis
severity and CHI3L1 serum levels [32-36].

The limitation of the current study was that we were
unable to compare noninvasive biomarkers with the ‘gold-
standard’ liver biopsy. However, each method that has
been used for grading of fibrosis has its pitfalls, including
the liver biopsy. In the analysis by Regev ef al. [2], it was
found that cirrhosis was misdiagnosed in 15% of the cases.
Moreover, more than 30% of the patients had a different
diagnosis for the left and right lobe of the liver. The study
could have been improved by following up CHI3L1 pro-
tein levels and Fib-4 levels with progression and remission
of disease in individual cases. A future study will be
planned to cover these limitations as well.
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