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Abstract

Purpose: Liver dysfunctions are one of the most prevalent
and deadly diseases worldwide. The De Ritis ratio, which
is obtained by proportioning serum = aspartate
aminotransferase (AST) and serum alanine
aminotransferase (ALT), has been suggested to be a
precious marker to assess the prognosis of liver diseases.
This study was to investigate the relationship between
perilipin 5 (PLINS5) levels and De Ritis ratio in patients
with liver disease.

Materials and Methods: There were 3 groups: control
(Groupl; n=20), hepatic patients with normal De Ritis
ratio (Group2; n=35) and hepatic patients with impaired
De Ritis ratio (Group3; n=35). De Ritis rates of all patients
were determined according to the serum aspartate
aminottansferase (AST)/serum alanine aminotransferase
(ALT) results. Additionally, PLIN5
spectrophotometrically analyzed from serum samples.
Results: There is no significant difference between the
groups in terms of age and gender. PLIN5 levels increased
by 2.6 and 3.8 times in Group2 and Group3, respectively.
De Ritis ratio was significantly increased in the Group3
compared the control, and enhanced PLINS5 levels was
correlated with De Ritis ratio in the Group3. There was a
significant positive correlation between De Ritis ratio and
PLINS levels.

Conclusion: PLINS5 levels together with De Ritis rate in
liver patients may be used as a prognostic marker.
Furthermore, this relationship could be a useful method in
the follow-up of liver diseases.
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Amag: Karaciger fonksiyon bozukluklari dinya ¢apinda
en yaygin ve Slimctl hastaliklardan biridir. Serum aspartat
aminotransferaz (AST) ve serum alanin aminotransferazin
(ALT) oranlanmasiyla elde edilen De Ritis oranmin,
karaciger hastaliklarinin prognozunu degetlendirmek igin
degerli bir belirte¢ oldugu 6ne strilmistir. Bu calisma,
karaciger hastaligi olan hastalarda perilipin 5 (PLIN5)
diizeyleri ile De Ritis orani arasindaki iliskiyi aragtirmak
amactyla yapilmustir.

Gereg ve Yontem: Kontrol (Grupl; n=20), normal De
Ritis orant olan karaciger hastalart (Grup2; n=35) ve De
Ritis orani bozulmus karaciger hastalart (Grup3; n=35)
olmak tizere 3 grup vardr. Ttim hastalarin De Ritis oranlari
serum aspartat aminotransferaz (AST) / serum alanin
aminotransferaz (ALT) sonuglarina gore belirlendi. Ek
olarak, PLINS5, serum &rneklerinden spektrofotometrik
olarak analiz edildi.

Bulgular: Gruplar arasinda yas ve cinsiyet acisindan
anlamli fark yoktu. PLINS5 seviyeleri Grup2 ve Grup3'te
sirastyla 2,6 ve 3,8 kat artt1. De Ritis orani, kontrole kiyasla
Grup3'te 6nemli 6l¢lide artti ve artan PLINS seviyeleri,
Grup3'teki De Ritis orant ile korele idi. De Ritis orani ile
PLINS seviyeleri arasinda anlamli pozitif korelasyon vardi.
Sonug: Karaciger hastalarinda De Ritis orant ile birlikte
PLIN5  dizeyleri, prognostik bir belirteg  olarak
kullanilabilir. Ayrica bu iligki karaciger hastaliklarinmn
takibinde faydali bir ydntem olabilir.

Anahtar kelimeler: De Ritis orant, Perilipin5, Karaciger
hasari, AST, ALT
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INTRODUCTION

The liver has a key role in several metabolic and
regulatory pathways. For example, it includes the fuel
metabolism, bile synthesis and excretion, synthesis of
many plasma proteins including albumin, fibrinogen
and prothrombin as well as storage of vitamins and
detoxification of xenobiotics!. The liver, as a large
organ, performs its functions with extensive reserve
capacity. Despite hepatocellular damage, the liver can
maintain normal functions?. In such cases, liver
function tests are useful in identifying and monitoring
the disease’. It is commonly accomplished by
measuring plasma activities of enzymes found in liver
cells and secreted into the blood in different cell
damage situations. For example, the type and degree
of elevation of enzyme activity vary according to the
type of liver cell damage; their measurement is
extremely helpful in recognizing and diagnosing
damage*.

The determination of the activity of serum aspartate
transaminase (AST, EC 2.6.1.1) and serum alanine
transaminase enzymes (ALT, EC 2.6.1.2) has a major
role in the evaluation of liver injury. ALT is found in
various tissues, but plasma activities mainly reflect
liver damage. AST is found in the liver, muscle and
limited levels in erythrocytes. Therefore, based on
tissue distribution, ALT is considered being a
favorable biomarker for determining the state of liver
disease®. Although AST and ALT enzymes have
cytosolic and mitochondrial isoenzymes in the liver,
the mitochondrial isoenzyme of ALT is lower. The
half-life of the mitochondrial isoenzyme of ALT is
very short and its clinical diagnostic value is
insignificant. The mitochondrial isoenzyme of AST is
an important part of the total amount in hepatocytes®.

Serum AST and ALT ratio were defined by De Ritis
and colleagues as the De Ritis ratio. In the event of
any liver injury, the AST and ALT levels in the blood
increase as the membrane integrity of the hepatocytes
deteriorate. It was confirmed that abnormal
differences in De Ritis (AST/ALT) rate have been
described as an indicator of liver damage’. This ratio
is particularly useful for distinguishing hepatic lesions
(De Ritis ratio <0.7 and >1.5) and extra hepatic
lesions (De Ritis ratio >1.5). The ratio of De Ritis for
a normal individual proposed by the International
Federation of Clinical Chemistry IFCC) is between
0.7 and 1.48. De Ritis ratio is <1 in most viral hepatitis
and acute hepatocellular diseases. However, the rate
of De Ritis in chronic liver diseases such as cirrhosis
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is >1. Besides, De Ritis ratio >2 and >3 indicate a
high rate of alcoholic liver disease’.

The perilipin family (PLIN1-5) is a group of proteins
associated with lipid droplets (LD) consisting of a
single layer of phospholipids, free cholesterol and
nuclei of neutral lipids coated by specific proteins,
which modulate lipid homeostasis by regulating
intracellular energy metabolism in many eukaryotic
cells!. Perilipin-5 (PLIN5), which is important for
the accumulation and hydrolysis of triacylglycerol
(TAG), is a 51 kDa molecular weight cytosolic LD
protein that is highly expressed in tissues with
predominant oxidative metabolisms such as heart,
skeletal muscle and liver'!. Although the function of
PLIN5 is not well defined, especially in humans,
evidence from recent studies has been reported that
PLIN5 expression can be regulated by cellular
triglyceride content in parallel with the increase of
fatty acid (FA) oxidation with enhanced oxidative
metabolism!2. PLIN5, which is usually found in
tissues/cells using lipids for enetgy through
mitochondrial B-oxidation, has an important act in
intracellular transport in hepatocytes, in coordinating
intracellular signaling and organization'3. Previous
studies were focused on the function of PLIN5 in
protecting hepatocytes against lipotoxic damage and
preventing the oxidative burden of the heart'4. It was
suggested that the physiological role of PLIN5 in
human muscle tissue could play a protective role
against lipotoxicity by promoting interaction with
LDs". Furthermore, it was reported that the
expression of PLINDS is significantly increased in the
case of hepatic steatosis due to adenoviral-mediated
increased lipid accumulation in the liver!s. However,
it is not yet known whether PLINS levels may have a
role in the diagnosis, clinical features and prognosis
of liver injury cases. Therefore, in the study, we
demonstrated a positive correlation between serum
PLINS5 levels in humans and the De Ritis rate, an
important indicator of liver damage.

MATERIALS AND METHODS

Study design and participants

The study consists of participants who applied to the
internal medicine outpatient clinic of Duzce
University Research Hospital between May 2019 and
January 2020 for routine controls or liver disease. The
study was conducted in 90 subjects, 42 females and
48 males, ranging in age from 30 to 69 years. The
subjects were divided into three groups: Group 1
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(control; healthy individuals, n=20), Group 2
(patients with normal De Ritis ratio, n=35), Group 3
(patients with impaired De Ritis ratio, n=35).

Subjects in the control group were selected from
healthy individuals who did not drink alcohol, did not
smoke, and had normal liver function tests. Although
liver function tests were normal, people who smoke
or drink alcohol, and those with any acute or chronic
diseases such as heart, muscle and kidney disease
were not included in the control group. Exclusion
criteria in patient groups: patients with thyroid, heart,
muscle and kidney disease, cancer, diabetes and
hypertension were not included in the study. The
subjects in the patient groups were selected only from
people with liver disease.

All patients in Group 2 and Group 3 were firstly
diagnosed with liver diseases such as alcoholic liver
disease, chronic hepatitis, abnormal liver function
tests, viral hepatitis and non-alcoholic fatty liver
disease. Blood samples were taken from these
patients who applied to the internal medicine
outpatient clinic for the first time before starting any
drug treatment. Patients with any heart and muscle
problems or complaints were excluded from the
study.

Blood samples were taken from subjects who were
fasting for up to 12 h because fasting regulates the
subcellular organization of PLIN5 and increase its
expression!®.  Demographic characteristics and
laboratory data for all groups are summarized in
Table 1. PLINS5 levels were measured to be 0.073 =
0.015 in healthy individuals as a result of a preliminary
study with 10 individuals. It was calculated that a
minimum of 18 individuals in each group should be
taken with 80% power and 5% type I error in order
to determine the statistical significance of 1 sd
difference between the groups.

All aspects of the study were conducted in
accordance with the Helsinki Declaration and
approved by the Clinical Research Ethics Committee
of Duzce University (Decision No: 2019/33 and
Date: 04.03.2019). All subjects were informed
verbally and in writing about the experimental design
and possible risks and voluntarily included in the
study. Informed consent was obtained from each
patient included in the study.

Biochemical analysis

Blood samples were centrifuged at 3000 xg for 15
minutes and the serums were stored at -80°C until the
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day of analysis. Serum levels of PLIN5 were
determined by commercially available ELISA kit
(Human SEE039Hu, Uscn Life Science Inc., USA)
according to the manufacturer’s instructions. The
results were expressed as ng/mL. De Ritis rate of the
subjects was determined by proportioning AST and
ALT values measured from serum samples.
Additionally, serum lipid profile [total cholesterol,
high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C) and
triglycerides], AST and ALT levels were analyzed by
auto-analyzer within 1 hour following taken blood
samples centrifuged at 4°C 3000xg for 15 minutes.

Statistical analysis

Results were reported as mean * standard deviation
(SD). All statistical analyzes were performed using
GraphPad Prism 7 (San Diego, CA). Shapiro-Wilks
test was used to test whether the distribution of the
quantitative variables analyzed deviated from
normality.  Descriptive  statistics of  patient
demographic categorical variables such gender and
ages across three groups of subjects were compared
using the Chi-square test. For all other variables in
Table 1 continues variables showing normal
distribution were analyzed using One-Way ANOVA
followed by a post hoc Tukey test was performed for
multiple comparisons. P <0.05 values were taken as
significant.

RESULTS

The clinical and biochemical characteristics of the
subjects are shown in Table 1. A total of 90 subjects
(48 male and 42 female) with a mean age of 51.3£5.18
years were included in the study. Also, 77.7% of the
patients were diagnosed with liver disease and 50%
of them had De Ritis rate outside the normal range
(between 0.7 and 1.4). The 70 patients with liver
disease, 20 had alcoholic liver disease, 13 had chronic
hepatitis, 18 had abnormal liver function tests, 10 had
viral hepatitis, and 9 had non-alcoholic fatty liver
disease.

There was a statistically significant variation in total
cholesterol, LDL, triglycerides, GGT, AST, ALT, De
Ritis ratio and PLIN5 between the three groups.
Contrarily, there was no significant difference
between the gender and HDL levels. Patients with
liver disease showed an increase in LDL, triglyceride,
AST, ALT and GGT levels compared to the control
group (P <0,0001).
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As shown in Figure 1, the serum PLIN5 levels were
markedly higher in patients with the liver disease
compared with the control (P<0.001). Additionally,
serum concentrations of PLIN5 were higher in the
patients with impaired De Ritis ratio than in patients
with normal De Ritis ratio (P<0.001).
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Figure 1. PLIN 5 levels in all groups.

* P <0.001, compared with control
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Pearson Correlation test indicates positively a
relationship between PLINS levels and De Ritis ratio
(Figure 2). With r=0.806 and P<0.001, the correlation
was found to be statistically significant. Thence, it is
deduced that the serum PLIN5 levels enhance with
an increase in De Ritis ratio.
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Figure 2. Correlation between PLINS levels and
AST/ALT (De Ritis) ratio

Table 1. Basic and biochemical characteristics of the patients participating in the study

Control (n=20) Patients with Patients with
normal De Ritis impaired De Ritis ratio P
ratio (n=35) (n=35)

Female 12 16 14 0.356*
Male 8 19 21

Age 41.6£9.61 48.3£15.2 50.7+12.8 0.176*
Total cholesterol (mg/dL) 105.8£31.9 195.1£27.2 254.9142.6 <0.0001
HDL (mg/dL) 39.4+8.2 68.3%10.7 56.919.4 0.2962
LDL(mg/dL) 65.1+12.8 139.1+12.5 170.2£24.6 <0.0001
Triglycerides (mg/dL) 96.3%£18.5 214.8£10.7 195.24£23.6 <0.0001
GGT (U/L) 42.7£8.1 112.5£36.8 179.5£24.2 <0.0001
AST (U/L) 24.6£8.1 183.1+26.7 291.6+50.9 <0.0001
ALT (U/L) 21.9%5.3 170.4+33.5 142.5£22.6 <0.0001
De Ritis ratio (AST/ALT) 0.96£0.16 1.08£0.25 2.1520.42 <0.0001

Chi-square test; HDL: high-density lipoprotein; LDL: low-density lipoprotein; AST: aspartate aminotransferase; ALT: alanine

aminotransferase; GGT: gamma glutamyl transpeptidase

DISCUSSION

De Ritis ratio, defined by serum levels of
aminotransferases, is a sensitive indicator in
determining liver damage and prognosis’. It is clear
that serum ALT and AST levels increase several-fold
in liver diseases and the De Ritis ratio, which is
normally between 0.7 and 1.4, falls below 1.
However, atypical cases suggest that acute viral
hepatitis with a poor prognosis may occasionally

cause an AST/ALT ratio of over 1.5'7. In chronic
viral hepatitis cases, the De Ritis ratios are generally
below 1.0, but in cases of advanced cirrhosis, this
ratio increases to 1.0. Also, increased serum GGT
levels are among the important findings in advanced
chronic viral hepatitis and hepatocellular carcinoma
complications'®. Researchers were noted that patients
with alcoholic liver disease have De Ritis ratio over
1.519. Conversely, De Ritis ratio is less than 1.0 in 1
out of 3 patients with alcoholic liver disease. This
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situation was thought to be due to as the biased
selection of patients participating in the studies or the
AST half-life being shorter than the ALT half-life®.
The prevalence of non-alcoholic fatty liver, which has
been a general liver disease, exceeds 10% and De Ritis
rate is less than 1 in these patients?!. In parallel to the
aforementioned data, De Ritis rates of patients with
alcoholic liver disease, chronic hepatitis, abnormal
liver function tests, viral hepatitis and non-alcoholic
fatty liver disease were <1 in our study and
accompanied by a nearly five-fold increase in GGT
levels.

Lipid content and transaminase levels in liver tissue
increased significantly in relation to the increased
lipid content in the diet. The increased amount of
lipids in the liver is also a characteristic of non-
alcohol liver disease, which causes liver damage when
improperly metabolized and during this condition,
AST/ALT ratio is getting upregulated®.

The PLIN family is a representative group of LD-
associated proteins and PLIN5 is important for
accumulation and hydrolysis of triacylglycerol!®.
PLINS interacts with other molecules and organelles
that control lipid homeostasis in cells to regulate
cellular fuel metabolism, and controls the regulation
of LDs and hydrolysis of FA!!. Previous studies have
shown that PLIN5 is an intracellular lipid storage
droplet protein that protects against increased FA
oxidation and lipotoxic damage due to increased use
of FA in cancerous hepatocytes, skeletal muscle and
cardiomyocytes?. Our data showed that there may be
a strong relationship between the rate of De Ritis,
which is an important marker in liver disease, and the
levels of PLINS released into circulation with damage
to hepatocytes. It is conceivable to say that disrupted
hepatocyte content through tissue damage may have
caused increased levels of both transaminases and
PLINS in the circulation.

PLIN5 protected against hepatic lipotoxic injury
induced by liver enzymes. Previous studies have
identified the change in lipoprotein amounts and liver
enzymes as major risk factors for the prognosis of
hepatic diseases??. Wang et al. reported that there
was a decrease in hepatic lipid stores in PLIN5 null
mice'3. They showed that increased hepatic lipolysis
due to Plin5 deficiency induced lipotoxic liver
damage by causing an increase in unesterified fatty
acids (NEFAs) and an increase in NEFAs oxidation.
Additionally, it was supported that liver-specific Plin5
deletion impairs glucose tolerance by reducing the
effect of intrahepatic insulin and causes systemic
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insulin resistance?®. This study indicated that PLINS,
one of the important mediators of hepatic lipid
metabolism, suppressed liver damage by regulating
insulin action in the liver. Recently, PLIN5 was
shown to be locally over expressed in the hepatoma
nodules areas, which are formed in hepatocellular
carcinoma?. This study considers that PLIN5, which
is responsible for the homeostasis of liver lipid
metabolism, may have different uses from diagnosis
to treatment. Thus, the increased expression of
PLINS with tissue damage may explain its increased
levels in the circulation. Consistent with the
aforementioned studies, PLIN5 levels in serum may
increase with De Ritis ratio in cases of liver

pathology.

One of the important limitations of our study is the
low sample size. In this study, generally all liver
diseases were included in the study. Another
important deficiency is that PLIN5 has not been
specifically evaluated for each liver disease.
Moreover, it was not known whether the subjects in
the study followed a long-term diet.

To sum up, we sought an answer to the question
whether PLINS5 released into the circulation due to
hepatocyte damage in liver diseases would be valuable
in the early stages or prognosis of the disease. In this
study, we detected that PLIN5 levels in serum
increased with the deteriorated De Ritis ratio.
Moreover, we found a positive correlation between
De Ritis ratio and PLIND5 levels. The results consider
that PLIN5 increases in serum with liver tissue
damage and may be a potential biomarker in the
prognosis of liver diseases with the De Ritis ratio.
Therefore, it needs more comprehensive molecular
studies and should be investigated the effects of
drugs on PLINS5 in the treatment of liver diseases.
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