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BACKGROUND: Nonalcoholic fatty liver disease (NAFLD), a chronic liver disease in children, ranges from nonalcoholic fatty liver
(NAFL) to nonalcoholic steatohepatitis (NASH). We investigated the role of Angiopoietin-2 (Ang-2) as a biomarker for pediatric

NAFLD-related liver damage.

METHODS: We assessed the plasma levels of Ang-2 and cytokeratin-18 (CK18) fragments and their association with histologic

activity in 76 children with NAFLD and 28 controls.

RESULTS: The mean plasma levels of Ang-2 and CK18 were higher in children with NAFLD than in age-matched controls (Ang-2
155.4+72.5 vs 7.5+ 2.3 ng/mL, p < 0.001; CK18 390.4 + 145.6 vs 193.9 £ 30.8 IU/L, p < 0.001). Ang-2 was significantly increased (p <
0.0001) in children with NASH (N = 41) while CK18 was significantly increased (p = 0.002) in children with fibrosis (N = 47). Ang-2
levels accurately predicted NASH (AUROC 0.911; 95% Cl 0.844-0.979; p < 0.0001), while CK18 predicted both NASH (AUROC 0.827;
95% Cl 0.735-0.919; p < 0.0001) and fibrosis (AUROC 0.724; 95% Cl 0.611-0.837; p = 0.001). Ang-2 and CK18 in combination were
good predictors of NASH with a sensitivity of 71.4% and a specificity of 100%.

CONCLUSIONS: In conclusion, our data suggested Ang-2 as a suitable biomarker of NASH in the pediatric population. However, our

findings need external validation in other cohorts.

Pediatric Research (2022) 91:1781-1786; https://doi.org/10.1038/s41390-021-01666-5

IMPACT:

® Several circulating factors have been extensively studied as potential biomarkers for NASH.

® Angiopoietin-2 circulating levels are increased in children with NAFLD and are associated with NASH.

® Angiopoietin-2 levels are more efficient than CK18 levels at assessing the most severe form of disease, and the combining of
these two biomarkers reached a positive predictive value of 100% for NASH.

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) represents the most
common cause of chronic liver disease and liver-related morbidity
and mortality worldwide, both in adults and children.? NAFLD
encompasses nonalcoholic fatty liver (NAFL) and nonalcoholic
steatohepatitis (NASH), with the latter including steatosis, liver
lobular and portal inflammation, ballooning, and fibrosis.> The
resolution of NASH and fibrosis is the main focus of clinical
trials. However, the chance of inflammation reversal is much
higher than that of fibrosis reversal, and timely identification of
inflammation seems to be crucial to reduce the burden of the liver
disease in the youth. Therefore, it is pivotal to distinguish subjects
with NAFL from those with NASH and fibrosis. In particular, in
children, in whom fibrosis is less frequent than in adults, the
identification of circulating markers has a great value to find
patients with NASH that are more likely to progress to advanced
fibrosis.'?

The overall prevalence of NAFLD has reached approximately 10%
in children and 17% in teenagers. It rises to 40-70% in children and
adolescents with obesity. For this reason, the NAFLD is now
considered one of the most frequent related-co-morbidity of
obesity.> NAFLD is associated with insulin resistance, type 2 diabetes,
and other metabolic abnormalities, referring to metabolic syn-
drome.* In light of this, NAFLD is pathogenically a multi-faced and
complex disease mediated by several genetic, environmental,
metabolic, and microbiological mechanisms, which are networked
in the triggering of hepatic lipotoxicity and oxidative stress, and in
systemic and liver inflammatory response.’

All of these mechanisms provide the starting point for the
switch of the signaling molecules and pathways leading to
hepatocellular damage, fibrosis, and cirrhosis, and eventually to
distortion of the portal vein angioarchitecture® Among the
multitude of risk factors and causes identified so far, the
impairment of angiogenic process and the endothelial
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dysfunction emerge, as well as their interplay with the inflamma-
tory response, as significant contributors to the development and
progression of NAFLD-related liver damage.”® Hypoxia, chronic
inflammation, fibrosis, and liver injury play key roles in stimulating
vascular permeability and hepatic angiogenesis by inducing the
release of pro-angiogenic factors, such as Angiopoietin-2 (Ang-2),
from parenchymal and non-parenchymal cells.>® Ang-2 was found
overexpressed in fibrotic livers, thus suggesting a role of this
protein as a potential target to reduce both angiogenesis and
hepatic inflammation during fibrogenesis.'® Lefere et al.? recently
investigated the role of Ang-2, in angiogenesis, leukocytes
infiltration, and inflammation during NASH. The authors found that
patients with NASH displayed elevated circulating levels of Ang-2
with respect to patient with simple steatosis or obese patients
with diagnosis of NAFLD.” Then, they reported that the high
serum levels of Ang-2 in patients with NASH were correlated with
grades of steatosis, lobular inflammation and ballooning, overall
severity of liver histopathology, but not with fibrosis. This
evidence encourages further investigations on the potential role
of Ang-2 as a non-invasive circulating biomarker for NAFLD-
related liver damage.

Hence, in the present study we sought to explore the
association of the circulating levels of Ang-2 with the severity of
the histological features in a sample of children and adolescents
with biopsy-proven NAFLD, and its predictive accuracy alone or in
combination with the levels of caspase-generated cytokeratin-18
(CK18) fragments, which is a widely recognized biomarker of
pediatric NASH.""

MATERIALS AND METHODS

Study population

For this observational study we used biobanked blood samples collected
from children evaluated at the Hepato-Metabolic Unit of the “Bambino
Gesu” Children’s Hospital (Rome) between January 2012 and January 2014.
All included children were Caucasians of Italian descent.

Children and adolescents were clinically evaluated for NAFLD following
the diagnostic flow chart proposed by the European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition (ESPGHAN) Hepatology
Committee.'? Accordingly, other liver diseases were ruled out. In fact, all
children were tested for secondary causes of hepatic steatosis (i.e., viral
liver disease, autoimmune hepatitis, Wilson's disease, a-1-antitrypsin
deficiency, endocrine, genetic and metabolic diseases, celiac disease,
alcohol consumption, and use of drugs known to induce hepatic steatosis).
In children with ultrasonographic evidence of severe hepatic steatosis
diagnosis of NAFLD (N = 76) was confirmed by liver biopsy. Control group
(N = 28) included children negative to steatosis by ultrasound and without
other liver diseases.

Use of biobanked samples and associated anonymized data for future
studies was approved by the local ethics committee (protocol number
PNFI_OPBG_2010). Written informed consent for the use of the samples for
future studies was obtained from the child’s parent at the time of the
enrollment.

Anthropometric and biochemical parameters in children with
NAFLD

Body weight, height, and waist circumference were measured with the
patient wearing underwear according to a standard protocol. Body mass
index (BMI) and BMI z-score (standard deviation score) were calculated
with overweight and obesity status defined according to the Italian growth
references.'>'

Venous blood samples were collected in the morning after an overnight
fast of at least 8 h. Serum liver enzymes [aspartate aminotransferase, alanine
aminotransferase, and gamma-glutamyl transferase (GGT)], lipids [total
cholesterol, high-density lipoprotein (HDL)-cholesterol, low-density lipopro-
tein (LDL)-cholesterol, and triglycerides], fasting glucose, and insulin levels
were measured in all patients by using standard laboratory procedures at the
main laboratory within the “Bambino Gesu” Children’s Hospital. Homeostasis
model assessment score [HOMA-IR = (fasting insulin (mIU/L) x fasting
glucose (mmol/L))/22.5)] was used for estimating insulin resistance; a cut-
off value of >2.5 was considered as an index of insulin resistance.'”
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In children with NAFLD, whole-body insulin sensitivity was also computed
on the basis of values of glucose and insulin during the oral test {ISI (insulin
sensitivity index) = 10,000/+/[fasting glucose (mmol/L) x 18.182 x fasting
insulin (uUI/mL)] x (mean glucose OGTT x 18.182 x mean insulin OGTT)}.'®

Blood pressure was measured on the right arm using a standard
sphygmomanometer; the average of three blood pressure values was
reported. Elevated blood pressure was defined by systolic (SBP) or diastolic
blood pressure (DBP) >95th percentile for age, height, and sex in patients
below 13 years of age and as 2120 mmHg in those older."”

Dyslipidemia was defined as high triglycerides (triglycerides =75 mg/dL
in children aged below 9 years old and 290 mg/dL in those older); and/or
high total cholesterol (total cholesterol =170 mg/dL); and/or low HDL-
cholesterol (HDL-cholesterol <40 mg/dL); and/or high non-HDL cholesterol
[(total cholesterol—HDL-cholesterol) =120 mg/dL].18

Prediabetes was defined as a fasting glucose =100 and <126 mg/dL
(impaired fasting glucose, IFG) and/or 2 h plasma glucose =140 and <200
mg/dL following the standard oral glucose tolerance test performed with
75 g anhydrous glucose (impaired glucose tolerance, IGT).

Liver histology

Liver biopsies were performed using an automatic core biopsy 16- or 18-
gauge needle under general anesthesia and ultrasound guidance. Hepatic
steatosis, portal and lobular inflammation, hepatocyte ballooning, and
fibrosis were features of NAFLD characterized at the histology. Diagnosis of
NASH was performed by an expert pathologist (R.D.V.) and scored
according to the scoring system developed by the National Institutes of
Health-sponsored NASH Clinical Research Network.'® Briefly, hepatic
steatosis was graded on a four-point scale: 0 = steatosis involving fewer
than 5% of hepatocytes, 1 = steatosis involving up to 33% of hepatocytes,
2 = steatosis involving 33-66% of hepatocytes, and 3 = steatosis involving
more than 66% of hepatocytes. Lobular inflammation was graded on a
four-point scale: 0 = no foci, 1 =fewer than two foci per x200 field, 2 =
two to four foci per x200 field, and 3 = more than four foci per x200 field.
Portal inflammation was graded on a four-point scale: 0 = none, 1 = mild,
2 =moderate, and 3 =severe. Hepatocyte ballooning was graded from
three-point scale: 0 = no balloon cells, 1 = few balloon cells and 2 = many/
prominent balloon cells. The stage of hepatic fibrosis was quantified with a
five-point scale: 0 =no fibrosis, 1= perisinusoidal or periportal fibrosis
[(1a) mild, zone 3, perisinusoidal; (1b) moderate, zone 3, perisinusoidal; and
(1c) portal/periportal], 2 = perisinusoidal and portal/periportal fibrosis, 3 =
bridging fibrosis, and 4 =cirrhosis. According to the NASH Clinical
Research Network, we calculated the NAFLD Activity Score (NAS).2° NAS
is defined as the sum of the scores for steatosis (0-3), lobular inflammation
(0-3), and ballooning (0-2); thus, ranging from 0 to 8. The activity score
does not include liver fibrosis.

NAFL was defined by a NAS score <3 and NASH by a NAS score >4.

Enzyme-linked immunosorbent assay (ELISA)
Venous blood samples were collected in EDTA-buffered tubes after an
overnight fasting. Blood samples were centrifuged at 2000 x g for 10 min
using a refrigerated centrifuge and plasma aliquots were stored at —80 °C
for detection.

Ang-2 plasma levels were quantified using Quantikine ELISA kit (R&D
Systems, Minneapolis, MN) according to the manufacturer’s instructions.

Plasma levels of intermediate filament protein fragments of CK18 were
measured using the M30-Apoptosense® ELISA assay kits (PEVIVA, Sweden)
according to the protocols described by the manufacturer.

The quantity of both biomarkers was calculated through plotting the
standard curve in order to convert optical densities to protein concentration.

Statistical analysis

Data are given as median = interquartile range (IQR) in the main text and
tables, mean + standard deviation (SD) in figure, and/or number (propor-
tion) of affected patients. The Kolmogorov-Smirnov goodness-of-fit test
was applied for determining whether sample data likely derived from a
normally distributed population. Data had skewed distribution except
anthropometric data. The nonparametric Spearman correlation coefficient,
one-way analysis of variance, Bonferroni post hoc test for multiple
comparisons, and regression analysis were carried out by standard
techniques. Univariate analysis was performed on variables between
patients with and without the study end points (NASH and fibrosis).
Diagnostic accuracy of Ang-2 and CK18 were assessed by the area under
the receiver operating characteristic (ROC) curve (AUCQ).

Pediatric Research (2022) 91:1781-1786



In the context of the present study, diagnostic accuracy refers to the
ability of Ang-2 and CK18 to discriminate the presence of NASH or fibrosis.
The Youden’s index was used to identify values of biomarkers with the
highest accuracy that maximizes the sum of the sensitivity and specificity
and the AUC value was used as the index reflecting the overall accuracy of
the diagnostic test derived from the ROC analysis.

The level of significance was set at a = 0.05. SPSS 20.0 for Windows (IBM
SPSS, Chicago, IL) was used for statistical analyses.

RESULTS
Plasma levels of Ang-2 increase in pediatric patients with
NAFLD
We firstly assessed the plasma levels of Ang-2 and CK18 in 28
control children without liver diseases and 76 children with
biopsy-proven NAFLD. Anthropometrics, clinical, and biochemical
characteristics of controls and NAFLD children are reported in
Supplementary Tables 1 and 2, respectively.

We found that the mean plasma levels of both Ang-2 and CK18
in children with NAFLD were higher than in age-matched controls
(Fig. 1a).

Plasma levels of Ang-2 increase in pediatric patients with
NASH

Twenty-three patients presented with overweight (30%) and 54
with obesity (70%). Prevalence of co-morbidities were as follows:
IFG 3.9% (3/76); IGT 13.2% (10/76) including one case with
combined IFG and IGT low HDL cholesterol 30.3% (23/76); high
triglycerides 17.1% (13/76); high SBP 31% (24/76); high DBP 9% (7/
76). Seventeen patients (22.4%) had no metabolic abnormalities
associated with obesity; 37 (48.7%) one abnormality, 19 (25%) two
abnormalities, and 3 (3.9%) three abnormalities among hyperten-
sion, high triglycerides, low HDL cholesterol, IFG and/or IGT.
Circulating levels of both Ang-2 and CK18 increased significantly
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Fig. 1 Assessment of Ang-2 and CK18 circulating levels. The
histograms reported mean plasma levels + SD of Ang-2 (a) and CK18
(b) in children with NAFLD compared to healthy children. ***p <
0.001. Ang-2 Angiopoietin-2, CK18 Cytokeratin-18, NAFLD nonalco-
holic fatty liver disease.
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(p=0.04 for both) among groups with number of metabolic
abnormalities increasing from none to three abnormalities.

As to histological features, steatosis was found in all biopsy
specimens. Thirty-five patients (46.1%) were diagnosed with NAFL
and 41 (53.9%) with NASH. Forty-seven patients (61.8%) presented
with liver fibrosis of any degree and 29 had no fibrosis (38.2%).

Table 1 shows anthropometrics, clinical, and biochemical
characteristics of the 76 patients (50 males, 65.8%) stratified for
disease activity (NAFL, NASH, and fibrosis).

Moreover, as shown in Table 1, both Ang-2 and CK18 circulating
levels increased significantly in children with NASH as compared
to children with NAFL (p <0.0001). CK18 increased significantly
only in patients with fibrosis (p = 0.002).

Finally, circulating levels of Ang-2 were significantly correlated
with GGT (r, = 0.314; p = 0.006) and CK18 levels (r, =0.467; p <
0.0001).

Data on the levels of Ang-2 and CK18 in respect of the liver
histologic features are reported in Table 2. Levels of Ang-2
increased significantly with worsening of steatosis, and lobular
and portal inflammation. Similarly, the levels of CK18 increased
significantly across the grades of steatosis, portal and lobular
inflammation, NAS and fibrosis.

Diagnostic accuracy of Ang-2 and CK18 circulating levels
The overall accuracy of Ang-2 and CK18 circulating levels to
diagnose NASH and fibrosis among NAFLD patients was estimated
by the analysis of the AUROC. AUROC values for the levels of Ang-
2 were 0.911 (95% Cl 0.844-0.979; p < 0.0001) when the endpoint
was the NASH (Fig. 2a), while they were 0.475 (95% Cl 0.339-0.64;
p =0.720) for detecting fibrosis (Fig. 2b). AUROC values for the
levels of CK18 were 0.827 (95% Cl 0.735-0.919; p <0.0001) in
detecting NASH (Fig. 2c), and 0.724 (95% Cl 0.611-0.837; p=
0.001) for fibrosis (Fig. 2d).

As shown in Table 3 circulating levels of Ang-2 of 135.45 ng/mL
and values of CK18 of 352 IU/L were the values that predicted
NASH with the best accuracy.

DISCUSSION

This study demonstrated that Ang-2 plasma levels were increased
in pediatric patients with NAFLD concurrently with the disease
activity. In particular, Ang-2 levels were elevated in patients with
NASH and with high grades of steatosis and portal/lobular
inflammation. The ability of Ang-2 as a biomarker of disease
activity was compared with that of CK18, a marker of fibrosis in
children with NAFLD. Here, we found that Ang-2 levels were more
efficient than CK18 levels in describing NASH, and the combining
of these two biomarkers reached a positive predictive value of
100% for NASH.

Ang-2 belongs to the angiopoietin/Tie signaling system.?'
Indeed. in the last decade Ang-2 has emerged, together with
Ang-1, as a potent regulator of normal vascular developing,
remodeling, and maturation acting as agonist and antagonist,
respectively, of their common receptor, Tie2.?' Increased serum
and plasma levels of Ang-2 have been documented in inflamma-
tory diseases such as inflammatory bowel disease, and in several
chronic liver diseases, including primary biliary cirrhosis and viral
hepatitis B and C.*>?* Moreover, circulating levels of Ang-2 have
been positively associated with inflammatory biomarkers, such as
high-sensitive C-reactive protein and white blood cell count,
supporting the potential use of Ang-2 as a biomarker and a
putative therapeutic target.>*** Circulating Ang-2 is also a highly
sensitive and specific marker for early cardiovascular changes and
cardiovascular risk in children with chronic kidney disease on
dialysis.?® Finally, high blood Ang-2 levels and Ang-2/Ang-1 ratios
have been associated with the presence, severity, and outcome
during sepsis in newborns, children, and adults.?”°
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Table 1. Anthropometric and metabolic parameters in children with NAFLD.

Parameters NAFL, N =41 (53.9%) NASH, N =35 (46.1%) No fibrosis, N = 29 (38%) Fibrosis, N = 47 (62%)
Sex (M/F) 25/16 25/10 21/8 29/18

Age (years) 11.6 (3.1) 114 (3.7) 12 (3.3) 11.1 (3.6)
Body weight (kg) 63.2 (22.8) 57.5 (23.6) 58 (24) 62 (21.5)
Height (cm) 152 (18.8) 152.5 (20) 153 (15.8) 152 (20)
BMI (kg/mz) 25.5 (6.4) 25.45 (6.5) 25.3 (6.5) 25.5 (6.0)
BMI z-score (SDS) 248 (1.19) 2.61 (0.95) 2.5 (1.13) 2,57 (1.21)
SBP (mm/Hg) 110 (18) 110 (31) 110 (20) 111 (22)
DBP (mm/Hg) 69 (15) 70 (6) 69 (10) 70 (13)
Fasting glucose (mg/mL) 83 (15.5) 82 (11) 81 (12) 83 (15)
2 h glucose (mg/dL) 102 (35.3) 110 (29) 112.5 (39.9) 100.5 (31)
Fasting insulin (uUL/mL) 11.35 (12.1) 11.6 (9.8) 11.6 (10) 11.4 (94)
HOMA-IR 2.53 (1.96) 2.21 (2.04) 2.24 (1.8) 238 (1.57)
ISI 3.78 (2.53) 3.24 (2.64) 3.35 (2.82) 3.73 (2.21)
Cholesterol (mg/dL) 170 (61) 179 (47) 178 (33) 176 (55)
HDL cholesterol (mg/dL) 60 (37) 47 (24)+ 54 (27) 51 (47)
Triglycerides (mg/dL) 78 (51) 109 (67) 109 (65) 78 (53)
AST (U/L) 45 (28) 45 (36) 45 (28) 45 (30)
ALT (U/L) 56 (18) 59 (30) 59 (30) 56 (17)
GGT (U/L) 22 (8) 21 (5) 22 (7) 21 (5)
NAS 3 (0 57 40 3
Ang-2 (ng/mL) 101 (37.1) 214.7 (96.5)* 146.6 (124.4) 124.5 (111.6)
CK18 (IU/L) 298 (133) 490.6 (208)* 309 (120) 451.8 (243)"

Data are given as median * (IQR).

NAFL nonalcoholic fatty liver, NASH nonalcoholic steatohepatitis, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HOMA-IR
homeostatic model assessment for insulin resistance, IS/ Insulin Sensitivity Index, HDL high-density lipoprotein, AST aspartate aminotransferase, ALT alanine
aminotransferase, GGT gamma-glutamyl transferase, NAS NAFLD Activity Score, CK18 Cytokeratin-18, Ang-2 Angiopoietin-2.

*p < 0.0001 vs NAFL. fp = 0.002 vs no fibrosis.

Table 2. Circulating levels of Ang-2 and CK18 in children with NAFLD
stratified according to liver histology.

Number of Ang-2 (ng/mL) CK18 (IU/L)

cases (%)
Steatosis®
1 14 (18.4) 109.1 (51.4) 303.7 (143.5)
2 46 (60.5) 116.7 (125.2) 334.7 (247.7)
3 16 (21.1) 167.8 (123.2) 471 (235.7)
Portal inflammation®®
0 20 (26.3) 92.8 (45.7) 314 (132.7)
1 44 (57.9) 156.5 (115.8) 359.6 (241.2)
2 12 (15.8) 187.1 (132.9) 497.6 (300)
Lobular inflammation®®
0 8 (10.5) 82.4 (18.6) 277.5 (194)
1 49 (64.5) 123.3 (93.8) 345 (229)
2 19 (25) 223.1 (115.4) 485 (277.2)
Balloning
0 33 (43.4) 111.7 (109.1) 318.6 (223.4)
1 40 (52.6) 1419 (112.2) 368.8 (225.9)
2 3 (3.9 276.3 (-) 504 (108.6)
NAS®
2 9(11.8) 101.2 (97.3) 288 (110)
3 30 (39.5) 108.9 (35.4) 301 (165)
4 16 (21.1) 194.5 (133.1) 480.5 (228)
5 11 (14.5) 223.1 (160.8) 413 (197)
6 10 (13.2) 172.9 (144.9) 518 (316)
Fibrosis®
0 29 (38.2) 146.6 (124.4) 309.15 (120)
1 37 (48.7) 131.7 (105.8) 382 (259)
2 7(9.2) 96.5 (197) 521.6 (178)
3 3(3.9) 1233 (-) 508.3 (153)

Data are given as median + (IQR). Ang-2 Angiopoietin-2, CK18 cytokeratin-
18, NAS NAFLD Activity Score.

2p = 0.02 at the ANOVA among groups for values of CK18; °p = 0.001; °p <
0.0001 for values of Ang-2; p = 0.003; and p < 0.0001 for values of CK18.
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Several studies reported the formation of new vessels in
the liver of patients with NASH.33" There is an emerging body of
evidence suggesting that liver sinusoidal endothelial cells (LSECs)
play a critical role in inflammatory phenotype during NASH.232
LSECs, crucial and dynamic regulators of liver regeneration
and fibrosis progression in various clinical settings, are the
main source of Ang-2 in the liver.® Indeed, circulating Ang-2
has been suggested as a non-invasive predictor of different liver
fibrosis stages in patients with chronic hepatitis C3**> Lefere
et al,” analyzing a sample of 104 obese patients undergoing
bariatric surgery, observed that Ang-2 serum levels increased in
adult patients with NASH compared with patients with simple
steatosis, and found that the Ang-2 levels associated with
steatosis, lobular inflammation, and ballooning, but not with
fibrosis. Accordingly, we found that Ang-2 plasma levels were
descriptive of NASH in our pediatric sample, where the levels of
this circulating factor increased only concomitantly with the
severity of lobular and portal inflammation. These findings
highlight that circulating Ang-2 is a good predictor for NASH
but not for fibrosis.

Moreover, we compared the trend of Ang-2 levels in children with
NAFLD with the levels of CK18. CK18 fragments have been
extensively studied as potential biomarkers for NASH in pediatric
and adult setting.""*® Similarly to data showed by a recent meta-
analysis,®” in the present study we found that the M30 antigen,
which detects caspase-cleaved CK18, had a low diagnostic accuracy
for NASH. However, as previously reported by Mandelia et al.,*® in
our study sample CK18 (M30) acts as a promising non-invasive
biomarker for fibrosis in pediatric NAFLD. Here, we also tested the
ability of the original combination of Ang-2 and CK18 circulating
levels in predicting pediatric NASH. Noteworthy, our results
demonstrated that the new model that combines Ang-2 and CK18
predicted NASH with a sensitivity of 71.4%, specificity of 100%, a
positive predictive value of 100%, and a negative predictive value
of 80.4%.

Pediatric Research (2022) 91:1781-1786
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Fig.2 ROC curves for Ang-2 and CK18 in predicting NASH and fibrosis among NAFLD patients. ROC curves of Ang-2 levels in identifying
subjects with NASH (a) and fibrosis (b). ROC curves of CK18 levels in identifying subjects with NASH (c) and fibrosis (d). ROC receiver operating
characteristic, Ang-2 Angiopoietin-2, CK18 cytokeratin-18, NASH nonalcoholic steatohepatitis.

Table 3. AUROC analysis of Ang-2 and CK18 biomarkers to determine effectiveness in diagnosing NASH in children.
Histological Cut-off Number of Number of Sensitivity (%) Specificity (%) Positive Negative
endpoint value true false predictive predictive
positive cases  positive cases value (%) value (%)
Ang-2 NASH 135.4 30 6 85.7 853 83 87.5
ng/mL
CK18 NASH 352U/ 27 8 771 73.2 71 78.9
L
Ang-2 & CK18 NASH - 25 0 714 100 100 80.4

Ang-2 Angiopoietin-2, CK18 cytokeratin-18, NASH nonalcoholic steatohepatitis.

Limitations of this study include: the fact that the study has
been conducted on already available stored samples, thus this
may have a little bit influence on the cut-off values; there is no
correlation with other non-invasive diagnostic tools of fibrosis,
such as transient elastography or hyaluronic acid; furthermore, our
exploratory study was conducted in a small sample size, even if it
was well-phenotyped. Our findings need validation in a general
population of healthy controls and patients with obesity and
various degrees of liver derangement. In future research, it would
be also useful to test the performance of both biomarkers with
respect to liver stiffness measured by elastography. Indeed, while
we expect that combination of these two tests predicts with high
accuracy NASH in an external large sample of children with
NAFLD, we cannot rule out accuracy of both testing in a general
population of patients with obesity.

Pediatric Research (2022) 91:1781-1786

In conclusion, our findings suggest a potential role of Ang-2 as
a biomarker of NASH also in a pediatric setting, thus adding a
novel valuable tool for non-invasive stratification of NAFLD
patients.
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