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ABSTRACT

Present study aimed to explore cytokeratin-18, fibroblast growth factor-21 biomarkers usage
in minimally invasive diagnosis of non-alcoholic steatohepatitis in patients with non-alcoholic
fatty liver disease.

A total of 26 patients (14 males and 12 females) aged from 30 to 60 (mean age 46.36+2.19
years) years with non-alcoholic fatty liver disease in non-alcoholic steatohepatitis stage were
enrolled in the study. Control group consisted of 20 healthy volunteers. The average value of the
body mass index of examined patients was 27.53 kg/m’. All participants were diagnosed with
non-alcoholic fatty liver disease by ultrasonography and clinical and biochemical data. All pa-
tients underwent comprehensive physical examinations, routine clinical and biochemical analy-
ses of blood and urine. Determination of plasma cytokeratin-18 and fibroblast growth factor-21
levels was performed by immunoenzyme method using ELISA kits.

The lipid profile showed a tendency to hyper- and dyslipidemias in patients of the main group.
The data indicated a significant increase in liver enzyme activity, the average aspartate amino-
transferase level was higher than in the control group for 1.6 times, alanine aminotransferase — for
2.3 times, respectively (r<0.05). In patients with non-alcoholic fatty liver disease, non-alcoholic
steatohepatitis stage in the levels of cytokeratin-18 and fibroblast growth factor-21 in plasma were
significantly increased, correlated with each other (r=0.806, p<0.001), as well as with aspartate
aminotransferase, alanine aminotransferase, total cholesterol and triglycerides, and allowed to
establish non-alcoholic steatohepatitis in patients of the main group. Plasma cytokeratin-18 and
fibroblast growth factor-21 levels are increased in patients with non-alcoholic steatohepatitis and
also associate with atherogenic dyslipidemia and impaired liver enzyme activity. Studying plasma
cytokeratin-18 and fibroblast growth factor-21 levels allows establishing the presence of non-alco-
holic steatohepatitis in patients with non-alcoholic fatty liver disease.

The findings testify to the possibility of using these biomarkers for minimally invasive screen-
ing diagnosis of non-alcoholic steatohepatitis and represent the perspective of further research.

Keyworps: non-alcoholic fatty liver disease, non-alcoholic steatohepatitis, biomarker, minimally invasive,
cytokeratin-18, fibroblast growth factor-21.

INTRODUCTION

Early diagnosis of nonalcoholic fatty liver dis-
ease is one of the actual problems of modern med-
icine. The prevalence of the disease, depending on
the diagnosis method varies in different epidemio-
logic studies within 10-35% [Vernon G et al., 2011].
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Various aspects of non-alcoholic fatty liver disease
diagnosing represents a great clinical interest due
to both the incidence rate, in accordance with the
growing spread of unhealthy lifestyles, and with
the advent of new diagnostic methods to identify
the disease [Scaglioni F et al., 2011].

Histological variations of non-alcoholic fatty
liver disease covering a wide spectrum of manifes-
tations ranging from steatosis to non-alcoholic ste-
atohepatitis, with or without fibrosis, cirrhosis and
its complications [Festi D et al., 2013]. Lack of
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timely treatment of non-alcoholic fatty liver dis-
ease can lead to cirrhosis, liver failure and hepato-
cellular carcinoma. Therefore, it is important to
diagnose and treat the early stages of non-alcoholic
fatty liver disease [Miyake T et al., 2013].

In most cases, fatty liver is latent disease. As
for non-alcoholic steatohepatitis, its clinical mani-
festations are specific, and the signs are often de-
tected during examination for other diseases such
as hypertension, obesity, type 2 diabetes, coronary
heart disease and others. The most common symp-
toms are discomfort in the right upper quadrant,
fatigue and dyspeptic syndrome. Increased liver
enzyme activity indicates the presence of inflam-
mation and cytolysis syndrome, but does not re-
flect the true extent of liver damage, so has a low
diagnostic value [Maev I et al., 2014].

Numerous researches and diagnostic tests for
non-alcoholic fatty liver disease can detect the stage
of disease and liver fibrosis degree. There are differ-
ent grading scales and indices for minimally inva-
sive and non-invasive diagnosis of non-alcoholic
fatty liver disease — FibroMax test complex (Fi-
broTest + ActiTest + SteatoTest + NashTest +
AshTest) (France), Fibrometer® fibrous panels
(Paris, France), aspartate aminotransferase-to-plate-
let ratio index (APRI) test, Hepascore® (PathWest,
University of Western Australia, Australia). Based
on a special mathematical calculation, which in-
cludes blood biochemistry and anthropometric data,
they can establish the diagnosis, the activity of the
inflammatory process, stage of liver fibrosis. Ultra-
sonography, computed tomography and magnetic
resonance imaging are widely used for visualization
of non-alcoholic fatty liver disease. These tech-
niques are non-invasive, but none of them has suf-
ficient sensitivity and specificity to distinguish non-
alcoholic steatohepatitis and steatosis.

Promising is the use of a new visualizing tech-
nique as transient elastography for identifying var-
ious non-alcoholic fatty liver disease stages, but
more researches are needed for its introduction
into clinical practice [Roitberg G et al., 2013].

Liver biopsy is “the gold standard” for the diag-
nosis of non-alcoholic steatohepatitis. This proce-
dure is the most accurate method to evaluate the
activity of the inflammatory process and stage of
liver fibrosis. But, at the same time, hepatic biopsy
has some features that do not allow using liver bi-

opsy for the screening of chronic inflammatory liver
diseases. This procedure is invasive; there are pos-
sibility of complications, diagnostic errors due to
the locality of the sample, which can lead to false
results and contraindications [Pearse S et al., 2013].

To minimize possible risks effective minimally
and non-invasive diagnostic strategies are being
sought as a screening study and potential alterna-
tives to liver biopsy.

Serum biomarkers that can be used for non-alco-
holic fatty liver disease diagnosis are very perspec-
tive. The advantages of their usage are minimally
invasive, simple and sufficiently accurate method
for determining the presence of inflammation and
fibrosis of the liver. One of the most promising is a
biomarker of hepatocyte apoptosis — cytokeratin-18
(CK-18). A number of studies have confirmed its
specificity and accuracy for determining liver ste-
atosis and non-alcoholic steatohepatitis AUROC
(area under the receiver operating characteristic
curve): 0.83 [Feldstein A et al., 2009]; 0.91 [You-
nossi Z et al., 2008]), as well as the ability to use it
for non-alcoholic fatty liver disease diagnosis. Cy-
tokeratin-18 may be used both separately and in
conjunction with other biomarkers. In a recent study
the combination of CK-18 and fibroblast growth
factor (FGF)-21 allowed to improve the accuracy of
diagnosis of steatosis and non-alcoholic steatohepa-
titis [Shen J et al., 2012].

Traditional risk factors, including cardiovascu-
lar diseases are common in patients with non-alco-
holic fatty liver disease. Up to 70% of patients
with non-alcoholic fatty liver disease have hyper-
tension, about 30-100% — obesity, type 2 diabetes
occurs in 10-75% of patients [Statcenko M et al.,
2012; Drapkina O, Ivashkin V, 2014]. 1t is proved
that the presence of hypertension amplifies or trig-
gers the development of nonalcoholic steatohepa-
titis. Thus, patients with hypertension in more than
50% cases also have non-alcoholic fatty liver dis-
ease without other risk factors for liver disease. It
is now believed that hypertension is recognized as
an independent predictor of non-alcoholic fatty
liver disease [Fracanzani A et al., 2008].

Non-alcoholic fatty liver disease is often ac-
companied by abnormal lipid metabolism, which
is considered as an independent risk factor for its
development. Changes in visceral type obesity are
specially pronounced. Free fatty acids (FFA) due
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to intensive lipolysis enter the portal vein and the
liver in large quantities. This leads to a decrease of
insulin binding and degradation and the develop-
ment of insulin resistance at the liver level. Sup-
pressant action of insulin inhibits hepatic glucose
production and launches systemic hyperinsu-
linemia, which contributes to the development of
peripheral insulin resistance.

Free fatty acids play a special role, caused by
its excessive formation, including increased lipol-
ysis in the background of obesity. This leads to ex-
cessive accumulation of fat in the uncharacteristic
organs and tissues, the formation and development
of hepatic steatosis lipotoxicity. Free fatty acids
have direct and indirect toxicity of lipid peroxida-
tion. In case of protection mechanisms’ damage
from FFA direct or oxidative stress-induced mito-
chondrial injury and hepatocytes apoptosis or ne-
crosis occurs. Inflammation, interacting with the
products of lipid peroxidation produced by hepato-
cytes, becomes an additional source of pro-oxi-
dants in the liver. This provides a cascade of events
aimed at forming steatohepatitis [Gaggini M et al.,
2013, Cusi K et al., 2014].

The atherogenic dyslipidemia is also an indepen-
dent risk factor, and, according to some researchers,
is diagnosed in 20-80% disease cases. Development
mechanism is associated with the fact that the syn-
thesis and metabolism of most of the lipoproteins
occurs in the liver and is controlled by feedback
[Lazebnyk L, Zvenigorod L, 2009].

Thus, the features of the development and pro-
gression mechanisms of non-alcoholic fatty liver
disease and its typical changes represent actual di-
rection for studying various aspects of minimally
invasive screening of non-alcoholic fatty liver dis-
ease and non-alcoholic steatohepatitis diagnosis,
considering concomitant metabolic disorders.

Present study aimed to explore CK-18 and
FGF-21 biomarkers usage in minimally invasive
diagnosis of non-alcoholic steatohepatitis in pa-
tients with non-alcoholic fatty liver disease.

MATERIAL AND METHODS

A total of 26 patients (14 males and 12 females)
aged from 30 to 60 (mean age 46.36+2.19 years)
years with non-alcoholic fatty liver disease in non-
alcoholic steatohepatitis stage were enrolled in the
study. Control group consisted of 20 healthy vol-

unteers. The average value of the body mass index
of examined patients was 27.53 kg/m°. All partici-
pants were diagnosed with non-alcoholic fatty
liver disease by ultrasonography and clinical and
biochemical data. All patients underwent compre-
hensive physical examinations, routine clinical
and biochemical analyses of blood and urine. De-
termination of plasma cytokeratin-18 and fibro-
blast growth factor-21 levels was performed by
immunoenzyme method using ELISA kits. Lipid
metabolism was assessed by total cholesterol, tri-
glycerides, low-density lipoprotein, very low den-
sity lipoproteins and high density lipoproteins.
Body mass index was calculated as the weight in
kilograms divided by the square of the height in
meters. Exclusion criteria were diffuse connective
tissue diseases, cancer, acute inflammatory dis-
eases, previous viral hepatitis, toxic (alcohol),
medications, congenital metabolic liver disease.

The study was approved by Institutional Bio-
ethics Committee and conforms to the principles
outlined in the Declaration of Helsinki (Br Med J,
1964; p. 177) with subsequent additions.

Statistical analysis was performed using “Excel
2010” (Microsoft), “Statistica 7.0 for Windows”
(StatSoft Inc.) software packages. Data are pre-
sented as mean values and the average error. Anal-
ysis of the relationships was carried out with the
help of Spearman (r) correlation.

RESULTS AND DISCUSSION

Lipid profiles and enzyme activity of the liver
abnormalities have been identified in non-alco-
holic fatty liver disease patients with non-alcoholic
steatohepatitis. The results are shown in table 1.

On lipid profile parameters significant differ-
ences were detected in patients with non-alcoholic
steatohepatitis relatively healthy volunteers. In the
main group the average level of total cholesterol
was higher than the corresponding index of control
group for 30.3%, triglycerides were higher than
the control group for 46.0%, atherogenic ratio —
57.6% and low-density lipoprotein for 47.1%.

The data indicated a significant increase in
liver enzyme activity in the examined patients
compared to the control group. At the same time,
the average level of aspartate aminotransferase
in blood of main group patients was more than in
the control group in 1.6 times, and the mean lev-
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TaBLE 1

Indicators of lipid profile and liver enzyme activity in non-alcoholic fatty liver disease patients
with non-alcoholic steatohepatitis

Index Con(t;glzggoup Mzziln: grs(;up
Aspartate aminotransferase (E//) 25.6x1.74 42.16+1.32*
Alanine aminotransferase (E/I) 22.7+£1.7 51.5+1.29*
Total cholesterol (mmol/l) 4.2540.6 5.54+0.3*
Triglycerides (mmol/l) 0.8915+0.09 1.3£0.21*
High density lipoproteins (mmol/l) 1.4+0.08 1.28+0.14
Atherogenic ratio 1.96 3.09*
Low-density lipoprotein (mmol/l) 2.27+£0.16 3.34+0.2%*

Note: * — the difference relative to the control group is statistically significant (r<0.05).

els of alanine aminotransferase in 2.3 times, re-
spectively (r<0.05).

The analysis of CK-18 and FGF-21 levels
(Table 2) showed increase of both biomarkers in
blood plasma of non-alcoholic steatohepatitis pa-
tients relative to the control group.

TABLE 2
Cytokeratin-18 and fibroblast growth factor-21 in
blood plasma of main group patients

Control group Main group
(n=20) (n=26)

Cytokeratin-18 (E/I) 92.91+3.64  278.5+2.67*

Index

Fibroblast growth

*
factor-21 (pg/ml) 101.96+16.37 203.6+13.01

Note: * — the difference relative to the control
group is statistically significant (r<0.05).

In non-alcoholic fatty liver disease patients
with non-alcoholic steatohepatitis CK-18 levels
were elevated compared to the control group for

3 times and amounted to 278.5£2.67 U/L. The
levels of FGF-21 also demonstrated a significant
increase in non-alcoholic steatohepatitis pa-
tients. The result of the main group was
203.6+13.01 pg/ml, which exceeded the index of
the control group for 2 times.

Revealed correlations between the studied mark-
ers, indicators of liver enzyme activity and lipid
profile of the main group are presented in table 3.

Analysis of the relationship using Spearman cor-
relation coefficient showed a strong direct link be-
tween CK-18 and FGF-21 (r=0.806 p<0.001). Also,
the relationship has been established between CK-18
and aspartate aminotransferase (r=0.58 p<0.001), al-
anine aminotransferase (r=0.68 p<0.001), total cho-
lesterol (r=0.41 p<0.001) and triglycerides (r=0 27
p<0.004). The ratio of FGF-21 with specified indica-
tors demonstrated direct links with alanine amino-
transferase (r=0.61 p<0.001), aspartate aminotrans-
ferase (r=0.49 p<0.001), total cholesterol (r=0.39
p<0.001) and triglycerides (r=0.21 p<0.023).

TABLE 3

Analysis of correlations between cytokeratin-18 and fibroblast growth factor-21, and some metabolic
parameters in non-alcoholic fatty liver disease patients in non-alcoholic steatohepatitis stage

Aspartate

Alanine

aminotransferase aminotransferase Total cholesterol Triglycerides

r P r P r P r P
Cytokeratin-18 r=0.58 <0.001 r=0.68 <0.001 r=0.41 <0.001 r=0.27  <0.004
Flbr‘;:cli‘s;_%rlomh r=0.49  <0.001 r=0.61 <0.001 r=0.39 <0.001 =021  <0.023

Note: p<0.05 — statistically significant difference.

49



BaBak O.Y. et al.

THE NEW ARMENIAN MEDICAL JOURNAL, Vol. 11 (2017), No 2, p. 46-51

Similar data were obtained and published by H.
Li and co-authors, where elevated levels of FGF-21
and their correlation with the level of triglycerides
were found in blood plasma non-alcoholic fatty
liver disease patients [Li H et al., 2013]. Fibroblast
growth factor-21 is adipokine, which is produced in
humans mainly in the liver and adipose tissues, and
acts by metabolic signaling cascade [Iglesias P et
al., 2012]. Some authors also investigated the in-
creased FGF-21 levels in patients and concluded
that this may serve as a biomarker for noninvasive
diagnosis of non-alcoholic steatohepatitis [Dushay
Jetal, 2010; Morris-Stiff G, Feldstein A, 2010]. In
the study of J. Chen and co-authors increased level
of CK-18 apoptosis marker was found in non-alco-
holic fatty liver disease patients, especially with
non-alcoholic steatohepatitis. The study of correla-
tions in this research showed a direct correlation be-

REFERENCES

1. Chen J, Zhu Y, Zheng Q, Jiang J. Serum cyto-
keratin-18 in the diagnosis of non-alcoholic
steatohepatitis: A meta-analysis. Hepatol Res.
2014; 44(8): 854-862.

2. Cusi K, Chang Z, Harrison S, Lomonaco R,
Bril F, et al. Limited value of plasma cytoker-
atin-18 as a biomarker for NASH and fibrosis
in patients with non-alcoholic fatty liver dis-
ease. J Hepatol. 2014; 60(1): 167-174.

3. Drapkina OM, Ivashkin VT. [Epidemiologic
features of non-alcoholic fatty liver disease in
Russia (Results of open multicenter prospec-
tive follow-up study DIREG L 01903] [Pub-
lished in Russian]. The Russian Journal of
Gastroenterology, Hepatology, Coloproctol-
ogy. 2014; 24(4): 32-38.

4. Dushay J, Chui PC, Gopalakrishnan GS, Va-
rela-Rey M, Crawley M., et al. Increased fibro-
blast growth factor 21 in obesity and nonalco-

holic fatty liver disease. Gastroenterology.
2010; 139(2): 456-463.

5. Feldstein AE, Wieckowska A, Lopez AR, Liu YC,
Zein NN, McCullough AJ. Cytokeratin-18 frag-
ment levels as noninvasive biomarkers for non-

alcoholic steatohepatitis: a multicenter valida-
tion study. Hepatology. 2009; 50(4): 1072-1078.

tween marker of apoptosis and alanine aminotrans-
ferase [Chen J et al., 2014].

CONCLUSION

The liver metabolic disorder progression in pa-
tients with non-alcoholic steatohepatitis is accom-
panied by increased plasma levels of cytokera-
tin-18 and fibroblast growth factor-21 and is asso-
ciated with atherogenic dyslipidemia and impaired
liver enzyme activity.

Study of CK-18 and FGF-21 plasma levels al-
lows establishing the presence of non-alcoholic
steatohepatitis in patients with non-alcoholic
fatty liver disease. The findings testify to the
possibility of using these biomarkers for mini-
mally invasive screening diagnosis of non-alco-
holic steatohepatitis and represent the perspec-
tive of further research.

6. Festi D, Schiumerini R, Marzi L, Di Biase AR,
Mandolesi D., et al. Review article: the diag-
nosis of non-alcoholic fatty liver disease—
availability and accuracy of non-invasive
methods. Aliment Pharmacol Ther. 2013;
37(4): 392-400.

7. Fracanzani AL, Valenti L, Bugianesi E, Andre-
oletti M, Colli A.,
disease in nonalcoholic fatty liver disease with
normal aminotransferase levels: a role for in-
sulin resistance and diabetes. Hepatology.
2008; 48(3): 792-798.

8. Gaggini M, Morelli M, Buzzigoli E, DeFronzo
RA, Bugianesi E, Gastaldelli A. Non-alcoholic
fatty liver disease (NAFLD) and its connection
with insulin resistance, dyslipidemia, athero-
sclerosis and coronary heart disease. Nutrients.
2013; 5(5): 1544-1560.

9. Iglesias P, Selgas R, Romero S, Diez JJ. Bio-
logical role, clinical significance and therapeu-
tic possibilities of the recently discovered met-
abolic hormone fibroblastic growth factor 21.
Eur J Endocrinol. 2012; 167(3): 301-309.

10. Lazebnyk LB, Zvenigorod LA. [Metabolic syn-
drome and digestive organs] [Published in
Russian]. M.: Anaharsis. 2009. 184p.

et al. Risk of severe liver

50



THE NEW ARMENIAN MEDICAL JOURNAL, Vol. 11 (2017), No 2, p. 46-51

BaBak O.Y et al.

11.

12.

13.

14.

15.

16.

Li H, Dong K, Fang Q, Hou X, Zhou M., et al.
High serum level of fibroblast growth factor
21 is an independent predictor of non-alcoholic
fatty liver disease: a 3-year prospective study
in China. J Hepatol. 2013; 58(3): 557-563.

Maev 1V, Kazyulin AN, Babina SM, Viuchnova
ES, Lebedeva EG. [Possibilities of using non-in-
vasive methods of investigating the morphofunc-
tional changes in the liver in patients with nonal-
coholic steatohepatitis and type 2 diabetes melli-
tus] [Published in Russian]. Experimental and
Clinical Gastroenterology. 2014; 3(103): 38-45.

Miyake T, Kumagi T, Furukawa S, Tokumoto Y,
Hirooka M., et al. Non-alcoholic fatty liver
disease: factors associated with its presence
and onset. J Gastroenterol Hepatol. 2013;
28(4): 71-78.

Morris-Stiff G, Feldstein AE. Fibroblast growth
factor 21 as a biomarker for NAFLD: integrat-

ing pathobiology into clinical practice. J Hepa-
tol. 2010; 53(5): 795-796.

Pearce SG, Thosani NC, Pan JJ. Noninvasive
biomarkers for the diagnosis of steatohepatitis
and advanced fibrosis in NAFLD. Biomarker
research. 2013; 1(1): 7.

Roitberg GE, Lazebnik LB, Zvenigorodskaia
LA, Sharkhun OO, Ushakova TI, Platonova

17.

18.

19.

20.

21

OE. [Non-invasive methods in diagnosis of
steatosis and fibrosis in nonalcoholic fatty
liver disease] [Published in Russian]. Eksp
Klin Gastroenterol. 2013; 7: 3-9.

Scaglioni F, Ciccia S, Marino M, Bedogni G,
Bellentani S. ASH and NASH. Dig Dis. 2011;
29(2): 202-210.

Shen J, Chan HL, Wong GL, Choi PC, Chan
AW., et al. Non-invasive diagnosis of non-alco-
holic steatohepatitis by combined serum bio-
markers. J Hepatol. 2012; 56(6): 1363-1370.

Statcenko ME, Tyrkina SV, Lempert BA, Baky-
mov PA. [Nonalcoholic fatty liver disease: risk
marker or pathogenic factor for cardiovascular

diseases?] [Published in Russian]. Journal of
VolgSMU. 2012; 1(41): 10-14.

Vernon G, Baranova A, Younossi ZM. System-
atic review: the epidemiology and natural his-
tory of non-alcoholic fatty liver disease and
non-alcoholic steatohepatitis in adults. Ali-
ment Pharmacol Ther. 2011; 34(3): 274-285.

Younossi ZM, Jarrar M, Nugent C, Randhawa
M, Afendy M., et al. A novel diagnostic bio-
marker panel for obesity-related nonalcoholic
steatohepatitis (NASH). Obes Surg. 2008;
18(11): 1430-1437.

51



