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using ELISA.

sensitivity, 60.0% specificity, 65.7% PPV, and 56.7% NPV.
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Background: Elevated pentraxin-3 (PTX3) is related to liver pathologies such as infections, non-alcoholic fatty

liver disease (NAFLD), and tumors. Aim of this study is to evaluate serum PTX3 levels in NAFLD and its affection by
concomitant chronic hepatitis C viral infection (HCV). Seventy subjects were included and divided into 3 groups.
Group | included 25 patients with NAFLD. Group Il included 25 patients with NAFLD and chronic HCV. Group |l
included 20 controls. Chronic hepatitis C was diagnosed using quantitative PCR. Plasma pentraxin-3 was measured

Results: Plasma PTX3 was significantly high in group | and group Il, when compared to controls. There was non-
significant difference between groups | and Il as regard PTX3 level. Higher PTX3 levels were detected in relation to
metabolic syndrome. Cut-off value of PTX3 = 1.8 was the best to predict metabolic syndrome with 91.4%

Conclusion: Serum PTX level in patients with concomitant NAFLD and HCV infection apparently reflects
inflammatory response due to changes in metabolic profile, rather than that caused by infection itself, making PTX
possibly useful in identifying those at risk of developing metabolic syndrome.

Background

Non-alcoholic fatty liver disease (NAFLD) represents a
group of conditions ranging from asymptomatic simple
liver steatosis to non-alcoholic steatohepatitis (NASH),
that may progress to cryptogenic cirrhosis and hepato-
cellular carcinoma [1, 2].

Pentraxin-3 (PTX3) is a member of pentraxin super-
family of acute-phase reactants such as C-reactive pro-
tein (CRP) and considered as one of the multifunctional
soluble recognition receptors that modulate the immu-
noinflammatory response [3, 4]. PTX3 is produced from
several cells of the innate immune system, primarily the
dendritic cells, macrophages, fibroblasts, and activated
endothelial cells in response to pro-inflammatory stim-
uli, such as tumor necrosis factor alpha (TNF-a),
interleukin-1p (IL-1p), and lipopolysaccharides (LPS), all

* Correspondence: shereen_saleh2014@hotmail.com

'Internal Medicine Department, Faculty of Medicine, Ain Shams University,
Cairo 11566, Egypt

Full list of author information is available at the end of the article

@ Springer Open

of which were considered as essential factors in the
pathogenesis of NAFLD and NASH [5, 6].

Hepatic steatosis is present in about 50% of HCV pa-
tients. Genotype 3 was found to be independently associ-
ated with hepatic steatosis. Although, other genotypes of
HCV, steatosis was associated with features of the meta-
bolic syndrome. HCV replication relies on host lipid me-
tabolism for its lifecycle and results in hepatic steatosis
by several mechanisms which enhance lipogenesis, im-
pair mitochondrial lipid oxidation, and downregulate
microsomal triglyceride transfer protein (MTTP) activity
[7]. Whether HCV replication and hepatic steatosis may
lead to liver disease progression and elevation of inflam-
matory markers is still a wide field for investigation.

The current study aimed to evaluate plasma PTX3
levels in NAFLD patients in comparison to patients
with hepatic steatosis and concomitant chronic hepa-
titis C.

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, 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.


http://crossmark.crossref.org/dialog/?doi=10.1186/s43066-019-0009-4&domain=pdf
http://orcid.org/0000-0002-0984-1725
http://creativecommons.org/licenses/by/4.0/
mailto:shereen_saleh2014@hotmail.com

Makhlouf et al. Egyptian Liver Journal (2019) 9:7

Methods

This case control study was performed on 50 adult
Egyptian patients collected from Gastroenterology Unit,
Internal Medicine, and Tropical Medicine Departments,
Ain Shams University. Additionally, 20 apparently
healthy subjects were also included as the control group.
They were classified into three groups according to the
following criteria:

Group L: included 25 patients with NAFLD diagnosed
by diffuse hyperechoic echo texture in the abdominal
ultrasound and after exclusion of other causes of fatty
liver.

Group II: included 25 patients with diffuse hyperechoic
echo texture in abdominal ultrasound characteristic of
NAFLD and laboratory evidence of chronic hepatitis C
viral infection (positive PCR).

Group III: included 20 apparently healthy control
subjects with negative medical history, normal physical
examination, and normal laboratory and abdominal
ultrasound examination.

Exclusion criteria
Patients consuming significant amount of alcohol more
than 21 drinks and 14 drinks per week for men and
women respectively; patients receiving drugs which
cause fatty liver such as amiodarone, diltiazem, tamoxi-
fen, steroids; patients who take statins as they have low-
ering effect on plasma PTX3; patients with hepatitis B
virus infection; patients with hepatic decompensation,
hepatic encephalopathy, ascites, variceal bleeding, ele-
vated serum bilirubin level; patients with chronic kidney
diseases; patients with autoimmune diseases; and pa-
tients with sepsis, were all excluded from the current
study.

Diagnosis of metabolic syndrome in patients having at
least 3 of the following 5 criteria:

e Fasting glucose > 100 mg/dL (or receiving drug
therapy for hyperglycemia).

e Blood pressure > 130/85 mm Hg (or receiving drug
therapy for hypertension).

e Triglycerides 2150 mg/dL (or receiving drug therapy
for hypertriglyceridemia).

e High-density lipoprotein-cholesterol (HDL-C) < 40
mg/dL in men or < 50 mg/dL in women (or receiv-
ing drug therapy for reduced HDL-C).

e Waist circumference > 102 cm in men or = 88 ¢cm in
women [8].

The study protocol was approved by the local ethics
committee of Ain-Shams University. This study was per-
formed in accordance with the 1964 Declaration of
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Helsinki and all subsequent revisions. All included sub-
jects signed an informed consent prior to the study.
All patients were subjected to the following:

1- Detailed medical history and physical examination.

2- Waist circumference and body mass index (BMI)
(body weight in kg divided by height in square
meters (Kg/ m?).

3- Abdominal ultrasonography done by Toshiba Aplio
XV SSA-770 Ultrasound 2006 (Tustin, California,
USA), with examination of liver size, echogenicity,
hepatic focal lesion, splenic size, portal vein diam-
eter, and presence of ascites. NAFLD was defined
by the presence of diffuse hyperechoic echo texture
(bright liver), increased liver echo texture compared
with the kidney, vascular blurring, and deep
attenuation.

4- Venous blood samples were withdrawn and
analyzed for the following:

a- Fasting and 2-h postprandial blood glucose,
alanine aminotransferase (ALT), aspartate
aminotransferase (AST), serum creatinine, blood
urea, serum albumin and serum total bilirubin,
total cholesterol, low density lipoprotein (LDL),
high density lipoprotein (HDL), and triglycerides
(TG); all were measured on Synchron CX9
auto-analyzer (Beckman Instruments Inc.;
Scientific Instruments Division, Fullerton, CA
92634-3100, USA) applying enzymatic
colorimetric method.

b- Complete blood count (CBC) was done using
Coulter counter (T660) (Beckman. Coulter,
California, USA).

c- Hepatitis C virus (HCV) antibody and hepatitis
B surface antigen (HBsAg) both were assessed
by third generation enzyme linked immune-
sorbent assay (ELISA).

d- Reverse transcription polymerase chain reaction
(RT-PCR) for positive hepatitis C virus antibody
using a commercially available RT-PCR kit and
Stratagene Mx3000P device (Corbett Research,
Montlake, Australia).

e- Plasma pentraxin-3 was measured using a
commercially available enzyme-linked immuno-
sorbent assay (ELISA) kit (Quantikine) (R&D
Systems, Inc. 614 McKinley Place NE Minneap-
olis, MN 55413, USA).

Statistical methods

All statistical calculations were done using SPSS (Statis-
tical Package for the Social Science) version 15 for Micro-
soft Windows (SPSS Inc., 2003). The data were presented
as mean + SD. The frequencies were calculated for each
group, and comparisons were made for categorical
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variables using Chi-square test. Numerical data were com-
pared by using Mann—Whitney U test. Pearson’s correl-
ation test was used to evaluate possible correlations
between quantitative variables. p value of <0.05 was con-
sidered statistically significant.

Results
The demographic and laboratory characteristics of pa-
tients and control groups are presented in Table 1.
There was a highly significant difference between the
three studied groups regarding body weight, body mass
index, and waist circumference. On comparing between
group I (NAFLD patients) and group II (NAFLD patients
with HCV), there was a highly significant difference re-
garding body weight, body mass index, and waist cir-
cumference, Table 2.

Plasma levels of PTX3 showed significantly higher
values in both (group I) and (group II), when compared
to (group III). On the other hand, there was non-

Table 1 Characteristics of the three study groups
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significant difference between groups I and II as regard
PTX3 with p value = 0.50, Table 3.

Thirty-five patients were diagnosed to have metabolic
syndrome. On comparing between patients with and
without metabolic syndromes, significant higher levels of
plasma pentraxin-3 was found in patients with metabolic
syndrome (Fig. 1).

There was a significant positive correlation between
PTX3 and each of body mass index, waist circumference,
fasting blood sugar, serum triglyceride, serum LDL, PCR
for HCV, serum ALT, serum AST, total and direct bili-
rubin, and total cholesterol. While, there was a signifi-
cant negative correlation between PTX3 and each of
HDL, serum albumin, and platelet count (Table 4).

Receiver operating characteristic (ROC) curve was
constructed to assess accuracy of PTX3 to detect
presence or absence of metabolic syndrome. It shows
that a cut-off value for PTX3 > 1.8ng/mL was the
best to predict metabolic syndrome with 91.4% sensi-
tivity, 60.0% specificity, 65.7% positive predictive value

Parameter Group | Group Il Group Il
NAFLD patients (n = 25) NAFLD patients with HCV (n = 25) Healthy control (N = 20)
Mean = SD
Age (in years) 427 +11.2 433 +96 424 + 69
Body weight (Kg) 948 + 168 796 + 10.1 69.7 + 47
Height (cm) 167.7 £ 89 1712 £ 98 1713 £32
Body mass index (Kg/mz) 330+5.1 267 £ 24 237 +16
Waist circumference (cm) 1108 £ 15.0 988 + 95 839 + 80
PCR for HCV (IU/mL) - 7653249 £ 1,510,564.0 -
ALT (U/L) 451 + 204 754 £ 271 139 + 2.1
AST (U/L) 406 + 169 526+ 204 107 +£18
Albumin (g/dL) 41+02 41+ 05 55+04
Total bilirubin (mg/dL) 08+02 07+02 03 +0.1
Direct bilirubin (mg/dL) 03+0.1 02+0.1 0.1 +£004
Hemoglobin (g/dL) 135+£12 131+£12 144 +£ 06
WBC (“10%/cmm) 81+12 72+22 85+08
PLT (*10%/crnm) 256.5 £ 632 226.2 + 486 2970 + 205
Serum creatinine (mg/dL) 08+02 08+02 08 +0.1
Urea (mg/dL) 19.2 £ 3.1 172 £ 2.1 185+ 20
Fasting blood sugar (mg/dL) 98.2 + 484 781+ 115 702 £ 46
Post prandial blood sugar (mg/dL) 1256 + 44.8 1033 + 194 920 + 42
Triglyceride (mg/dL) 2032 =750 1612 £ 16.2 1084 £ 106
HDL (mg/dL) 354+ 38 338+ 24 415+ 6.1
LDL (mg/dL) 164.7 + 243 1464 + 11.1 886 +79
Total Cholesterol (mg/dL) 222.2 + 305 1956 + 123 1573 + 57
Plasma PTX3 (ng/mL) 55+49 58+45 09+ 05

ALT alanine aminotransferase, AST aspartate aminotransferase, HCV hepatitis C virus, HDL high-density lipoprotein, LDL low-density lipoprotein, NAFLD nonalcoholic

fatty liver disease, PTX3 pentraxin-3
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Table 2 Comparative analysis between the studied groups as regard age, sex, and anthropometric measurements
Parameter Group (Mean + SD) p value p value
Group | ‘ Group I ‘ A Group Il ﬁitevéeen SSS\L/JVSSGT
NAFLD patients NAFLD patients with HCV Healthy control
(n=25) (n=25) (n = 20) groups and |l
Age (in years) 427 £11.2 433 +96 424 + 69 0.92 0.83
Sex (freq. (%)) Males 11 (44.0) 11 (44.0) 8 (40.0) 0.95 1.00
Females 14 (56.0) 14 (56.0) 12 (60.0)
Body weight (Kg) 948 + 168 796 + 10.1 697 + 47 <0001 <0001°
Height (cm) 167.7 £ 89 1712 £ 98 1713 £ 32 0.25 0.17
Body mass index (Kg/m?) 330+ 5.1 267 + 24 237+16 < 0.001° < 0001°
Waist circumference (cm) 1108 = 150 988 + 95 839+ 80 0.003° 0.003°

HCV hepeatitis C virus, NAFLD nonalcoholic fatty liver disease
#Kruskal-Wallis test is statistically significant at 95% confidence level
bMann—Whitney test is statistically significant at 95% confidence level

(PPV), and 56.7% negative predictive value (NPV)
(Fig. 2).

Discussion

NAFLD is one of the most common forms of chronic liver
diseases among obese patients and as one of the features of
the metabolic syndrome [9]. It is characterized by accumula-
tion of large triglyceride droplets within the liver cells [10].

Serum PTX3 level increases rapidly in inflammatory
conditions, reaching its peak values after 6-8h of any
inflammatory condition; its elevation on the early phase
is due to rapid release of stored PTX3 by the activated
neutrophils [11, 12]. The short pentraxins, CRP, and
serum amyloid protein are produced by the liver as a
systemic response to local inflammation, whereas ex-
pression of the long pentraxin (PTX3) is induced by the
damaged tissues [13].

In the current study, the aim was to evaluate plasma
PTX3 levels in NAFLD patients in comparison to pa-
tients with hepatic steatosis and concomitant chronic
hepatitis C.

The diagnosis of NAFLD in this study relied on the
characteristic abdominal ultrasonographic features
such as the presence of diffuse hyperechoic echo

texture (bright liver), increased liver echo texture
compared with the kidney, vascular blurring, and deep
attenuation, together with the exclusion of other
causes of fatty liver such as significant alcohol con-
sumption, drug induced hepatitis, and chronic viral
hepatitis.

Although liver biopsy is the gold standard diagnostic
test of NAFLD, liver biopsy is an invasive procedure that
carries a risk of complications together with sampling
errors and intra- and interobserver variability. For that
reasons, liver biopsy is considered an “imperfect Gold
Standard diagnostic tool” [14]. Depending solely on
ultrasound in the diagnosis of NAFLD is considered a
weak point in the current study as it is less sensitive than
liver biopsy or magnetic resonance elastography. On the
other hand, ultrasound is widely available, of low cost
and non-invasive. Most of the recent studies relied on
the ultrasonographic diagnosis of NAFLD after exclusion
of other causes of liver diseases [15].

We found that plasma levels of PTX3 were signifi-
cantly higher in patients with NAFLD in comparison to
controls. Our results agreed with the study of Yoneda
et al. [3] which revealed that PTX3 levels were signifi-
cantly higher in NAFLD patients than healthy control
subjects. Kadir et al. [16] had demonstrated that PTX3

Table 3 Comparison between the studied groups as regard plasma PTX3 (ng/mL)

Group N Mean + SD Range Percentiles p value p value
25th 50t (median)  75th  oetween between
three groups groups | and I

Group | 25 55+49 03-20 25 40 6.6 < 0001° 05P

NAFLD patients
Group |l 25 58 +45 03-21 30 4.5 80

NAFLD patients with HCV
Group Il 20 09+ 05 02-2.1 0.5 09 12

Healthy control

HCV hepeatitis C virus, NAFLD nonalcoholic fatty liver disease
#Kruskal-Wallis test is statistically significant at 95% confidence level
bMann—Whitney test is statistically significant at 95% confidence level
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Fig. 1 Box-plot chart showing values of PTX3 (median, range) in the presence or absence of metabolic syndrome

Table 4 Correlation between PTX3 (ng/mL) and all other
parameters

Parameter Correlation coefficient  p value
Age (in years) - 002 0.880
Body weight (Kg) 0.22 0.073
Height (cm) -0.16 0.195
Body mass index (Kg/m?) 0.30° 0013
Smoking index - 0.001 0.993
Waist circumference (cm) 0.35° < 0003
Fasting blood sugar (mg/dL) 0.29° 0.015
Post prandial blood sugar (mg/dL) 023 0.054
Triglyceride (mg/dL) 0.55° < 0.001
HDL (mg/dL) —024° 0.048
LDL (mg/dL) 047° < 0.001
PCR for HCV (IU/mL) 0.36° 0.002
ALT (U/L) 046° < 0.001
AST (U/L) 0.46° < 0.001
Albumin (g/dL) - 063° < 0.001
Total bilirubin (mg/dL) 0.66° < 0.001
Direct bilirubin (mg/dL) 061° < 0.001
Hemoglobin (g/dL) -023 0.054
WBC (*10°/ cmm) -0.12 0342
PLT (* 10%/ cmm) - 041° < 0,001
Serum creatinine (mg/dL) -0.14 0.26
Urea (mg/dL) - 0.041 0.739
Total Cholesterol (mg/dL) 0.50° < 0001

ALT alanine aminotransferase, AST aspartate aminotransferase, HCV hepatitis C
virus, HDL high-density lipoprotein, LDL low-density lipoprotein
Significant

levels in NAFLD patients with fibrosis were higher than
NAFLD patients without fibrosis and healthy subjects,
independent of metabolic syndrome components. On
the other hand, Maleki et al. [17] found no significant
difference between NAFLD and healthy control subjects
regarding plasma PTX3.

In the present study, there was non-significant differ-
ence between NAFLD patients with and without chronic
HCV regarding plasma PTX3. PTX3 is directly produced
by damaged tissues, and a rapid increase indicates in-
flammation. Elevated PTX3 concentrations are related to
liver-associated pathological conditions such as liver in-
fections, NAFLD, NASH, and hepatic tumors [18]. In a
study performed by Carmo et al. [19], patients with he-
patocellular carcinoma (HCC) on top of HCV were
found to have higher PTX3 plasma levels than individ-
uals with mild or severe fibrosis. They concluded that
PTX3 seems to be a risk factor for the occurrence of
HCC in chronic hepatitis C [19].

Significant positive correlation between plasma PTX3 and
HCV quantitative PCR was found in the current study.
PTX3, the prototype of the long pentraxin group, is a crit-
ical component of the humoral arm of innate immunity
and opsonic activity. It facilitates pathogen recognition and
produced by a variety of tissues and cells in response to
pro-inflammatory signals and Toll-like receptor engage-
ment [20]. The persistent elevation in PTX3 levels is associ-
ated with disease severity and increased morbidity in several
clinical conditions. Persistently elevated PTX3 may repre-
sent a novel and promising biomarker of liver disease [21].

In the present study, significant positive correlations
were found between serum PTX3 levels and body mass
index (BMI), waist circumference, fasting blood sugar
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(FBS), TG, ALT, AST, total and direct bilirubin, while it
correlated negatively with platelet count and HDL. Also,
patients with metabolic syndrome in the current study
showed higher levels of PTX3 than those without meta-
bolic syndrome. A cut-off value for PTX3 > 1.8 ng/ml
was the best in predicting metabolic syndrome with a
high sensitivity and a moderate specificity. Similarly,
Kardas et al. [22] found significant higher concentrations
of plasma PTX3 in obese children and adolescents with
metabolic syndrome and higher triglyceride levels, and
PTX3 levels correlated negatively with HDL cholesterol
in their study. This is contrary to others in the literature
who found PTX3 inversely related to obesity and that it
increases with weight loss and exercise [23, 24].
Significantly high body mass index and waist circumfer-
ence were found in NAFLD patients with or without
chronic HCV infection in comparison to healthy control
subjects. This is like the results of Kowdley et al. [25], Sob-
honslidsuk et al. [26], Marchesini et al. [27], and the Rotter-
dam study of Edith et al. [28]. Steatosis results from
enhanced lipogenesis, increased stability of lipid droplets,
reduced lipoprotein secretion, and altered mitochondrial
function [29]. Hepatic steatosis is present in about 50% of
patients with HCV. Genotype 3 was found to be independ-
ently associated with hepatic steatosis. In those with other
genotypes of HCV, steatosis was associated with features of

the metabolic syndrome. The presence of hepatic steatosis
was related to the presence of insulin resistance [30].

Several studies, including the current one, revealed sig-
nificant higher ALT and AST levels in NAFLD with or
without HCV patients than control subjects. Increased hep-
atic enzyme levels are indicators of hepatocellular necrosis
whether due to NAFLD or chronic HCV [24, 31, 32].

The current study revealed significant higher levels of
FBS, post prandial blood sugar, triglycerides, total choles-
terol, LDL, and significant lower HDL in NAFLD patients
with or without chronic HCV infection than in healthy
controls. This agreed with Marchesini et al. [27], the Rot-
terdam study by Edith et al. [28], Dixon et al. [29], Naka-
hara et al. [32], and Poynard et al. [33]. NAFLD and type 2
diabetes mellitus (T2DM) frequently coexist because these
conditions share common risk factors of excess adiposity,
higher lipids, and insulin resistance.

Conclusion

Serum PTX3 level in patients with concomitant NAFLD
and HCV infection apparently reflects inflammatory
response due to changes in metabolic profile, rather than
that caused by infection itself, making PTX possibly use-
ful in identifying those in risk of developing metabolic
syndrome. Future studies would better use either liver
biopsy or MR elastography to diagnose NAFLD.
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