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Abstract

Background: Liver fi brosis is a critical factor for the treatment policy and its outcome in chronic 
hepatitis C virus (HCV) infection. Although liver biopsy represents the gold standard for evaluating 
fi brosis, it remains an invasive procedure with inherent risks. Thus, it cannot be performed frequently to 
monitor therapeutic outcomes specially in the pediatric population. For that, developing a non-invasive 
test that can predict liver fi brosis represents a growing medical need. 

Objectives: to investigate serum levels of YKL-40 and their relation to liver fi brosis in children with 
chronic HCV. 

Methods: Serum YKL-40 was measured by enzyme linked immunosorbent assay in 40 treatment-
naive children with proved chronic HCV and the levels were compared according to different laboratory 
and histopathological parameters. Liver histopathological changes were assessed using Ishak score and 
compared with aspartate transaminase-to-platelet ratio (APRI) and fi brosis-4 (FIB-4) indices as simple 
non-invasive markers of fi brosis. YKL-40 was measured in a group of 27 age- and sex-matched healthy 
controls. 

Results: YKL-40 was signifi cantly higher in patients than in controls (23.79±11.59 ng/ml vs. 
17.67±5.49 ng/ml; P = 0.038). YKL-40 (r = 0.36, P = 0.022), but not  �APRI (r = -0.176, P = 0.328) or FIB-4 
(r = -0.202, P = 0.259), had a signifi cant direct correlation with fi brosis stage. YKL-40 at a cutoff level of 
≥24.82 ng/ml could discriminate patients with signifi cant fi brosis (≥F3 Ishak) with 100% sensitivity and 
80% specifi city. 

Conclusion: YKL-40 signifi cantly correlated with liver fi brosis and could discriminate those with 
signifi cant fi brosis with acceptable performance.
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Abbreviations

Ab: Antibody; ALT: Alanine Transaminase; APRI: 
Aspartate Transaminase-To-Platelet Ratio; AST: Aspartate 
Transaminase; AUROC: Area Under ROC; ECM: Extracellular 
Matrix; ELISA: Enzyme-Linked Immunosorbent Assay; FIB-
4: Fibrosis-4; HA: Hyaluronic Acid; HBV: Hepatitis B Virus; 
HCV: Hepatitis C Virus; Ig: Immunoglobulin; NPV: Negative 
Predictive Value; PCR: Polymerase Chain Reaction; PPV: Positive 
Predictive Value; ROC: Receiver Operating Characterstic

Introduction

Hepatitis C virus (HCV) infection is a serious health 
problem. It is estimated that over 200 million people are 

infected worldwide, among whom 80% develop a chronic 

form [1]. In children younger than 11 years, worldwide 

seroprevalence of HCV is 0.2% and in those older than 11 years 

it is 0.4% [2]. In Egyptian children, the prevalence is relatively 

high ranging from 3% in Upper Egypt to 9% in Lower Egypt 

[3]. HCV infection causes intrahepatic lobular infl ammation 

resulting in fi brosis and eventually cirrhosis which is the cause 

of both hepatocellular carcinoma and cirrhosis-related hepatic 

decompensation [4]. 

Fibrosis prediction is an essential part of the assessment and 

management of patients with chronic liver disease. Although 

liver biopsy represents the gold standard for evaluating 

liver fi brosis and necroinfl ammation, it remains an invasive 
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procedure with inherent risks. Thus, it cannot be performed 
repeatedly to monitor therapeutic outcomes [5,6]. Moreover, 
in children, biopsy is still perceived to carry a higher risk of 
complications, so it is less accepted than in adults. Therefore, 
developing a non-invasive test that can predict initial disease 
stage and progression over time represents a high priority and 
a growing medical need [7, 8]. Blood-based biomarkers offer a 
number of advantages over the traditional standard of fi brosis 
assessment of liver biopsy, including safety, cost-savings and 
wide spread accessibility [9].

YKL-40, also named chitinase 3–like protein 1 or human 
cartilage glycoprotein-39, is secreted by chondrocytes, synovial 
cells, and macrophages [10]. YKL refers to the fi rst three 
N-terminal amino acids tyrosine (Y), lysine (K) and leucine 
(L) and 40 denotes its molecular mass in kilodaltons [11]. This 
secreted protein is not synthesized in young healthy cartilage, 
but is produced in cartilage from patients with osteoarthritis 
[12].

Chitinase-like proteins are a family of mediators 
increasingly associated with infection, T cell-mediated 
infl ammation, wound healing, allergy and asthma [13]. The 
physiological function of YKL-40 is not known, but the pattern 
of its expression in normal and diseased states suggests that 
it could function in remodelling of the extracellular matrix 
(ECM) or in tissue infl ammation. YKL-40 was found to be high 
in patients with hepatic fi brosis [11].

We aimed to investigate serum levels of YKL-40 and their 
relation to liver fi brosis in children with chronic HCV infection.

Materials and Methods

Study population

This prospective study included 40 children with proved 
chronic HCV infection recruited from the outpatient and 
inpatient of Pediatric Hepatology, Gastroenterology and 
Nutrition department, National Liver Institute, Menofi ya 
University. Diagnosis of chronic hepatitis C was based on the 
presence of persistently positive HCV-RNA as detected by 
polymerase chain reaction (PCR) for more than 6 months [14,15], 
supported by the histopathological feature of HCV infection in 
liver biopsy. Criteria for inclusion were children aged up to 18 
years with compensated chronic HCV infection, who have no 
other associated liver disease [autoimmune hepatitis, Wilson 
disease, alpha-1 antitrypsin defi ciency, hepatitis B virus 
(HBV) infection]. Liver biopsy was mandatory for enrollment. 
Patients with decompensated cirrhosis, any other cause of 
liver disease associating HCV infection or immunologically 
mediated diseases, were excluded from the study. A second 
group of 27 healthy children with no signs or symptoms of liver 
disease or any other diseases, normal liver transaminases and 
negative anti-HCV antibody (Ab), served as controls. A signed 
informed consent was obtained from the legal gaurdians of all 
the patients and controls before enrollment in the study. The 
study was approved by the Research Ethics Committee of the 
National Liver Institute. 

Laboratory investigations

Laboratory investigations, including liver function 

tests, complete blood count, kidney function tests, serum 

autoantibodies (anti-nuclear antibodies [Ab], anti-smooth 

muscle Ab, and liver-kidney microsomal Ab) and prothrombin 

time were performed for all the patients. Serum viral markers 

were performed using enzyme-linked immunosorbent assay 

(ELISA) according to the manufacturer instructions; HCV Ab 

(Innogenetics, Ghent, Belgium), HBV surface antigen, HBV 

core immunoglobulin (Ig)M and IgG Abs (all from Dia Sorin, 

Saluggia, Italy). Real-time PCR for HCV-RNA was performed 

using COBAS Ampliprep/COBAS TaqMan, Roche Molecular 

Systems, Inc., Branchburg, NJ, 08876 USA (detection limit was 

15 IU/mL). Serum YKL-40 levels were assayed using ELISA kit 

(R&D Systems, Inc. Cat # DC3L10, Canada, USA) according to 

the manufacturer instructions. Serum samples of the patients 

were collected, maximally, within 6 months of liver biopsy 

[16]. All the controls were tested for aspartate transaminase 

(AST), alanine transaminase (ALT), complete blood count, HCV 

Ab and serum YKL-40.

Liver biopsy and histopathological evaluation

Liver biopsy was performed using an ultrasonography-

guided TruCut needle for all the patients. Specimens were 

fi xed in formalin, embedded in paraffi n and stained with 

hematoxylin and eosin, Masson’s trichrome, reticulin and 

Perl’s stains. Hepatic necroinfl ammatory activity and liver 

fi brosis were evaluated according to Ishak staging and grading 

score. Necroinfl ammatory activity was classifi ed into minimal 

(score 1-3), mild (score 4-8), moderate (score 9-12), and severe 

(score 13-18) [17]. Fibrosis was classifi ed into mild (stage 1), 

moderate (stages 2-3), and severe fi brosis or cirrhosis (stages 

4-6) [3]. Signifi cant fi brosis was defi ned as Ishak score of 3 

or more (presence of bridging fi brosis) [18]. AST-to-platelet 

ratio index (APRI) and fi brosis-4 (FIB-4) index were calculated 

according to the formula; APRI = AST / upper limit of normal x 

100 / platelet count (109/L), FIB-4 = Age (years) x AST / platelet 

count (109/L) x (ALT)1/2 [19].

Statistical analysis 

Descriptive results were expressed as mean ± standard 

deviation (SD) or number (percentage). For quantitative data, 

statistical signifi cance was tested by either Mann-Whitney U 

non-parametric test or Kruskal-Wallis test. For qualitative 

data, signifi cance between groups was tested by Chi-square 

test or Fisher exact test. Correlation was tested by Spearman’s 

test. The cutoff values for optimal clinical performance was 

determined from the receiver operating characterstic (ROC) 

curve. The diagnostic performance was measured by the area 

under ROC (AUROC) and presented as sensitivity, specifi city, 

positive predictive value (PPV) and negative predictive value 

(NPV). Results were considered signifi cant if P-value < 0.05. 

Statistical analysis was performed using SPSS version 13 (SPSS 

Inc, Chicago, IL, USA).
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Results

Study population characteristics

The study included 40 children with chronic HCV infection. 
They were 9 females and 31 males. Their mean age was 12.68 
± 3.87 years, ranging from 4 to 18 years. A second group of 
27 age- and sex-matched (P>0.05 for both) healthy children 
served as controls. They were 11 females and 16 males. Their 
mean age was 13.37 ± 2.98 years, ranging from 7 to 17 years. The 
majority of patients (85%) were asymptomatic while 6 (15%) 
children presented with abdominal enlargement. Clinicaly, 6 
(15%) children had hepatomegaly, 5 (12.5%) had splenomegaly 
and none had jaundice or ascites. Fibrosis stage ranged from F1 
to F3 and activity grade ranged from A2 to A10. The majority 
of patients (87%) had either F1 or F2 fi brosis and mild activity 
was found in 85% of patients (Table 1).

Histopathological fi ndings in patients with normal ver-
sus elevated transaminases 

All the patients had mild to moderate fi brosis and the 
majority had minimal to mild activity in liver biopsy while one 
patient only had moderate activity. Nearly half of them had 
normal transaminases (44.4%, 48.4%, 80% and 41.2% with 
mild fi brosis, moderate fi brosis, minimal activity and mild 
activity respectively) (Table 2).

YKL-40 according to disease severity and correlation 
with laboratory and histopathological parameters

The mean value of serum YKL-40 was signifi cantly higher in 
patients than in controls (23.8±11.6 ng/ml vs. 17.7±5.5 ng/ml; P 
= 0.038) (Fig 1 A). There was no statistical signifi cant difference 
in the mean level of YKL-40 when comparing patients with 
different activity grades (P = 0.44), and patients with normal 
transaminases versus those with elevated transaminases (P 
= 0.303) (Table 3) but the levels tended to be higher in those 
with higher activity grade. In addition, there was a signifi cant 
direct correlation between YKL-40 and the stage of fi brosis (P 
= 0.022) while there was no signifi cant correlation with the 
other studied laboratory parameters, (Table 4). On the other 
hand, there was no correlation between APRI (r = -0.176, P = 
0.328) or FIB-4 (r = -0.202, P = 0.259) with the stage of fi brosis 
(data not shown).

YKL-40 is associated with higher stages of liver fi brosis

Serum YKL-40 was at its lowest (18.9 ± 4.5 ng/ml) in 
patients with F1, increasing in patients with F2 (23.3 ± 12.3 ng/
ml) and reaching the highest level in F3 (35.3 ± 10.3 ng/ml). 
Though the levels in F1 and F2 had no signifi cant difference, 
the levels in F3 were signifi cantly higher than those in F1 and 
F2 (Figure 1A,B). On the other hand, there was no signifi cant 
statistical difference among the mean values of APRI (P = 0.112) 
and FIB-4 (P = 0.109) according to individual fi brosis stages 
(Figure 1C,D). Furthermore, both APRI and Fib-4 did not show 
any signifi cant correlation with YKL-40 (Figure 2).

Clinical performance of YKL40 in predicting signifi cant 
fi brosis

Serum YKL-40 at a cutoff level of 24.82 ng/ml could 

Table 2: Histopathological fi ndings in patients with normal versus elevated 
transaminases.

Histopathology
Normal transaminases

n = 19

Elevated 
transaminases

n = 21
P-value

Fibrosis stage

Mild fi brosis (n=9) 4 (44.4) 5 (55.6)

1.0Moderate fi brosis (n=31) 15 (48.4) 16 (51.6)

Activity grade

Minimal activity (n=5) 4 (80) 1 (20)

0.102Mild activity (n=34) 14 (41.2) 20 (58.8)

Moderate activity (n=1) 1 (100)

Table 3: Serum YKL-40 according to disease activity.

Parameter YKL-40 (ng/ml) P-value

Activity grade

Minimal (n=5) 20.14 ± 3.95
0.444

Mild (n=34) 23.93 ± 12.23

Moderate (n=1) 37.19

Transaminases level

Normal (n=19) 26.49 ± 13.55
0.303

Elevated (n=21) 21.34 ± 9.15

Table 4: Correlation of YKL-40 with laboratory and histopathological parameters in 
liver biopsy.

Parameter
YKL-40 (ng/ml)

r P-value

Total bilirubin (mg/dl) 0.314 0.075

Direct bilirubin (mg/dl) -0.167 0.446

Albumin (g/dl) -0.095 0.619

Alanine transaminase (U/L) -0.053 0.744

Aaspartate transaminase (U/L) -0.131 0.42

Gammaglutamyle transpeptidase (U/L) 0.124 0.642

Alkaline phosphatase (U/L) -0.439 0.053

HCV-RNA (IU/mL) 0.016 0.921

Fibrosis stage 0.36 0.022

Activity grade 0.098 0.549

Table 1: Laboratory and histopathological characteristics of the studied patients.

Parameter HCV patients (n = 40)

Liver function tests

Total bilirubin (mg/dl) 0.6 ± 0.25

Direct bilirubin (mg/dl) 0.18 ± 0.14

Albumin (g/dl) 4.47 ± 0.53

Alanine transaminase (U/L) 57.72 ± 51.18

Aspartate transaminase (U/L) 55.89 ± 39.94

Gamma glutamyle transpeptidase (U/L) 26.53 ± 17.52

Alkaline phosphatase (U/L) 215.8 ± 210.9

Prothrombin time (second) 13.02 ± 1.3

Fibrosis stage

F1 9 (22.5)

F2 26 (65)

F3 5 (12.5)

Activity grade

Minimal (A1-A3) 5 (12.5)

Mild (A4-A8) 34 (85)

Moderate (A9-A12 1 (2.5)
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discriminate patients with signifi cant fi brosis (≥F3 Ishak) with 
100% sensitivity, 80% specifi city, 41.7% PPV, 100% NPV and 
AUROC of 86.9% (Figure 3).

Discussion

Whilst the presence of mild fi brosis on biopsy can be a 
reassuring fi nding, the identifi cation of advanced fi brosis 
is critical to the management of patients with chronic liver 
disease. The development of robust tools to non-invasively 
assess liver fi brosis has dramatically enhanced clinical decision 
making in patients with chronic liver disease, allowing a rapid 
and informed judgment of disease stage and prognosis [20]. 

Selection of the appropriate non-invasive predictor of liver 
fi brosis represents a challenge for hepatologists. Non-invasive 
biomarkers of fi brosis can be classifi ed into class I and class II. 
Class I biomarkers depend on the pathophysiology of fi brosis 
such as collagen and hyaluronic acid (HA), wherase class II 
biomarkers depend mainly on laboratory tests to estimate the 
degree of fi brosis such as APRI and FIB-4 [21]. 

APRI and FIB-4 have been of interest to clinicians because 
they are simple to calculate and readily available from hospital 
or clinic laboratories during the usual patient care [19]. In 
our study, APRI and FIB-4 showed no signifi cant statistical 
difference (P > 0.05 for both) among fi brosis stages. In hand 
with our results, Diaz et al., [22] reported that APRI did not 

predict fi brosis in pediatric patients. Contrary to our results, 
De Ledinghen et al., [23] found that APRI was of benefi t in 
predicting cirrhosis in children with various chronic liver 
diseases. The majority of reports using APRI and FIB-4 showed 
a signifi cant performance in discriminating F0-F2 from F3-F4 
Metavir score [19], or discriminating F0- F3 from F4-F6 Ishak 
score [24]. Such advanced stages of fi brosis or cirrhosis were 
not detected in our study population. 

APRI and FIB4 refl ect alterations in hepatic functions 
rather than in ECM metabolism. Since, several reports have 
described normal transaminases levels in about 25%–30% of 
chronic HCV patients, there may be a potential advantage in 
assessing serum direct fi brosis markers that do not involve 
transaminases [25]. In our study, 47.5% (19/40) of patients had 
normal transaminases despite the presence of mild or moderate 
fi brosis. This may explain the poor association of APRI and 
FIB-4 with fi brosis in our study compared to that of YKL-40. 
In addition, we didn’t fi nd any signifi cant correlation between 
APRI or FIB-4 with YKL-40 serum levels. This may be due to 
absence of higher stages of fi brosis which may demonstrate 
the ability of APRI and FIB-4 in predicting higher stages of 
fi brosis or cirrhosis as demonstrated by other studies [19,23].

YKL-40 is an emerging new infl ammation biomarker. 
The YKL-40 gene consists of ten exons located within 8 kb of 
DNA on human chromosome 1q32.1, and encodes a protein of 
383 amino acids. YKL-40 has a role in cell proliferation and 
differentiation, angiogenesis, infl ammation, remodeling of the 
ECM, and the innate immune response [26]. 

In the current study, YKL-40 was signifi cantly higher in 
patients than in controls and was highest in F3 when compared 
to F2 (P = 0.022) and F1 (P = 0.001). In hand with these results, 
Abo El-Asrar et al., [27] reported that YKL-40 was signifi cantly 
higher among children with HCV (P = 0.004) than in healthy 
controls. YKL-40 correlated with the degree of hepatic fi brosis 
being highest among patients with F4 stage (P < 0.001). In 
addition, Zheng et al., [28] found that YKL-40 in adult patients 
with hepatic fi brosis was signifi cantly higher when compared 
to healthy controls.

Figure 1: Serum fi brosis markers in the studied population.Comparison of YKL40 
in patients and control (A); Comparison of YKL40 (B), APRI (C) and FIB-4 (D) in 
individual fi brosis stages in patients.

Figure 2: Correlation of YKL-40 with APRI (A) and Fib-4 (B).

Figure 3: Clinical performance of YKL40 in predicting signifi cant fi brosis. AUROC: 
Area under the receiver operating characteristic.
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In patients with no or minimal fi brosis at presentation, 
antiviral treatment could possibly be delayed due to the mild 
nature of the disease and the slow progression of liver fi brosis, 
while in those with signifi cant fi brosis, antiviral treatment is 
a priority [29]. For that, identifi ying patients with signifi cant 
fi brosis is of utmost importance. In the current study, YKL-40 
at a cutoff level of 24.82 ng/ml could discriminate those with 
signifi cant fi brosis with 100% sensitivity and 80% specifi cty. 
Mehta et al., [30] evaluated serum YKL-40 in various categories 
of fi brosis due to HCV infection where it could predicted 
advanced fi brosis and cirrhosis. 

Saitou et al., [31] studied both YKL-40 and HA in predicting 
HCV-associated liver fi brosis. YKL-40 was superior to HA for 
predicting severe fi brosis (F2-F4) from mild fi brosis (F0-F1) 
(YKL-40, AUC = 0.809; HA, AUC = 0.805). After interferon 
therapy, only YKL-40 values signifi cantly decreased not only 
in the responder group, but also in the non-responder group 
(P = 0.03). These fi ndings mean that YKL-40 may be a useful 
non-invasive marker to estimate the degree of liver fi brosis but 
is probably not a good tool to evaluate the effi cacy of interferon 
therapy in such patients.

YKL-40 was used for evaluation of liver fi brosis due to 
other etiologies as HBV. Toson et al., [32] found a signifi cant 
increase of YKL-40 with increasing the stage of fi brosis in HBV 
infection. It also dramatically enhances the diagnostic power 
of other non-invasive scores in discriminating the stages of 
the disease. Contrarily, Lebenztjn et al., [33] and Lee et al., [34] 
found that the ability of serum YKL-40 to differentiate children 
with advanced liver fi brosis from those with mild fi brosis was 
not signifi cant. Our results showed no signifi cant difference of 
YKL-40 among different activity grades (P = 0.44). Similar to 
our results, Lebenztjn et al., [33] reported that YKL-40 is not 
a good predictor of histological infl ammation either. Yet, in 
the current study, there was a trend of increased YKL-40 with 
increasing activity grade.

We have previously studied other serological non-invasive 
markers such as serum complement C4a [35] and serum inter-
alpha-trypsin inhibitor heavy chain 4 [36] in children with 
chronic HCV. It can be concluded that none of these markers 
alone can reach an accurate prediction of liver fi brosis. 
Compared to the current study, YKL-40 appears better. For 
that, a combination of different markers can enhance the 
performance in predicting fi brosis more than individual 
markers do.

There has been a growing interest in the molecular basis of 
YKL-40 in liver fi brosis. Berres et al., [37] reported that YKL-
40 promoter C allele determines YKL-40 serum levels and is 
associated with the severity of HCV-induced liver fi brosis. 
While homozygous carriers of the G allele were protected 
from severe fi brosis. These results suggest a functional role of 
YKL-40 in liver fi brogenesis that make it a candidate to be a 
non-invasive marker of fi brosis. In addition, Sarma et al., [38] 
found that micro RNA (miRNA)- 449a has a role in modulating 
the expression of YKL-40 after HCV infection. In fi broblasts 
and synovial cells, YKL-40 mediates a mitogenic effect 
through initiation of mitogen activated protein kinase and 

phosphoinositide 3-kinase pathways. It is therefore of major 
importance to explore if YKL-40 could become a target for the 
development of new fi brosis therapeutics [26].

In conclusion, our study demonstrated that YKL-40 serum 
levels were associated with higher stages of liver fi brosis 
and signifi cantly discriminate those with signifi cant fi brosis 
with acceptable performance. Future studies on YKL-40 as a 
possible therapeutic target in liver fi brosis is worthy.
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