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Objective: Non-alcoholic steatohepatitis (NASH) is one of the most common metabolic 
diseases of the liver. In patients with NASH, progression to cirrhosis can be observed in 
approximately 25% over a decade following diagnosis, and it is considered the most frequent 
cause of cryptogenic cirrhosis. Fibrinogen-like protein-2 (FGL-2) is a sub-member of the 
fibrinogen superfamily secreted by regulatory T cells. It inhibits the maturation of dendritic 
cells and induces apoptosis in B cells, playing a role in innate and adaptive immunity regula-
tion. Recent studies have shown high serum FGL-2 levels are a poor prognostic indicator in 
patients with viral hepatitis.

Methods: The study included 30 NASH patients diagnosed by biopsy and a control group 
of 21 healthy individuals. Serum FGL-2 levels of individuals in both groups were compared. 
The relationship between the clinicopathological features of individuals in both groups and 
FGL-2 levels was also examined.

Results: Serum FGL-2 levels in NASH patients were found to be 47±12 ng/ml, while in the 
control group, it was 37±10 ng/ml. Statistical evaluation was performed using the Mann-
Whitney U test. A significant difference was found between patients classified by biopsy as 
simple steatosis, borderline NASH, definite NASH, and the control group (p=0.002). A sig-
nificant difference was also observed when evaluating these four groups among themselves 
(Kruskal-Wallis test, p=0.012).

Conclusion: Our study identified higher serum FGL-2 levels in patients diagnosed with 
NASH, consistent with steatohepatitis observed in biopsies. Elevated FGL-2 levels may indi-
cate hepatic damage at the microinflammation level. Estimating disease severity, non-invasive 
monitoring and control of disease progression, selecting patients for aggressive treatment 
approaches, and intensifying monitoring intervals for cirrhosis and HCC could be crucial. 
However, more comprehensive studies on this topic are needed.
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INTRODUCTION

Fatty liver disease is categorized into alcoholic and non-
alcoholic fatty liver disease (NAFLD). NAFLD is a broad 
spectrum of disorders characterized by predominant 
macrovesicular steatosis in individuals without significant 
alcohol consumption.[1-4] NAFLD encompasses two dis-
tinct conditions: simple fatty liver without inflammation 
and fibrosis and non-alcoholic steatohepatitis (NASH) 
with steatosis and necroinflammatory activity.[5] Simple 
fatty liver disease presents a benign clinical course without 
chronic hepatitis or progression to fibrosis. In contrast, 
many NASH patients exhibit established chronic liver dam-
age and even cirrhosis at diagnosis.[4-7] Liver biopsy remains 
the sole method for diagnostic differentiation between the 
two.[2,6] However, liver biopsy is invasive, may require hos-

pitalization, can be painful, carries a risk of complications, 
is costly, and can be burdensome for both the patient and 
physician due to its potential for false negatives and the 
need for repeated procedures.

Fibrinogen-like protein 2 (FGL-2), also known as fi-
broleukin, was initially cloned from cytotoxic T lympho-
cytes. Due to its 36% similarity with fibrinogen beta and 
alpha chains, it is classified as a member of the fibrinogen 
superfamily.[8] FGL-2 primarily exists as a membrane-as-
sociated protein on the surface of macrophages and en-
dothelial cells. This protein possesses prothrombinase 
activity, facilitating the conversion of prothrombin to 
thrombin.[9] Secreted by Treg cells, FGL-2 inhibits den-
dritic cell (DC) maturation and function and induces B cell 
apoptosis, thereby modulating immunoregulatory effects.
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[10-13] Animal studies have shown that serum FGL-2 levels 
increase in viral hepatitis and correlate with liver damage.
[14,15] Reports suggest a relationship between serum FGL-2 
levels and the extent and fibrosis of chronic hepatitis C.[16] 
In this study, we aimed to determine the predictive value 
of fibrinogen-like protein 2 (FGL-2) levels in forecasting 
the degree of hepatosteatitis in NAFLD.

MATERIALS AND METHODS

Patient Population

Our study included 30 patients monitored for Non-Alco-
holic Fatty Liver Disease (NAFLD) and a healthy control 
group of 21 individuals. Inclusion criteria for the patients 
were: 1- No history of alcohol consumption (>20 mg/
day) or substance addiction. 2- Negative ELISA results for 
HBsAg, anti-HCV, and anti-HIV. 3- Absence of conditions 
like hemochromatosis, Wilson’s disease, autoimmune hep-
atitis, primary biliary cirrhosis, primary sclerosing cholan-
gitis, biliary obstruction, alpha-1 antitrypsin deficiency, and 
malignancy. 4- Absence of thrombotic diseases and non-
use of anticoagulants.

Liver biopsies were performed on NAFLD patients. Con-
currently, hematological, biochemical, waist, and hip cir-
cumference measurements were recorded. Patients were 
staged post-liver biopsy according to the Kleiner classifi-
cation. Steatosis was semi-quantitatively scored based on 
its degree: <%5=0, %5-33=1, %33-66=2, >66=3. Lobular 
inflammation was scored as Stage 0: no affected lobules, 
Stage 1: <2 foci/x 200 magnification, Stage 2: 2-4 foci/x200 
magnification, Stage 3: >4 foci/x200 magnification. Fibrosis 
was graded as follows: Stage 1: perisinusoidal or peripor-
tal, 1A: mild, zone 3, 1B: moderate, zone 3 and perisi-
nusoidal fibrosis, 1C: portal and periportal fibrosis, Stage 
2: perisinusoidal, portal, and periportal fibrosis, Stage 3: 
bridging fibrosis, Stage 4: Cirrhosis. NASH scores were 
obtained by summing the values of steatosis (0-3), lobu-
lar inflammation (0-3), and ballooning degeneration (0-2), 
resulting in scores ranging from 0-8. Scores of 0-2 were 

considered simple steatosis, 3-4 as borderline NASH, and 
> four as definite NASH.

The study was conducted in accordance with the Helsinki 
Declaration. All patients were informed about the study 
and provided written consent.

Statistical Analysis

Depending on the data distribution, the Mann-Whitney 
U and Independent Samples t-test were used to compare 
two independent groups. Distribution and variance analy-
ses were performed for independent groups with more 
than two categories. ANOVA was used for groups with 
normal distribution and variances, and the Kruskal-Wallis 
test for those without. The correlation between continu-
ous variables was calculated using the Pearson correlation 
coefficient. The Pearson Chi-Square and Fisher’s exact 
tests were employed for categorical variables. The predic-
tive value of FGL-2 levels in identifying NAFLD patients 
was assessed using ROC analysis. Means and standard de-
viations are provided. A significance level of P<0.05 was 
adopted. Statistical calculations were performed using 
SPSS 17.0 software.

RESULTS

The clinical and laboratory characteristics of the cases in 
our study are described in Table 1. There were no signifi-
cant differences between the groups regarding age, gender, 
Hg, Htc, and Plt values. However, significant differences 
were observed for AST, ALT, HOMA IR, BMI, waist cir-
cumference, and serum FGL-2 levels. (p<0.001, <0.001, 
=0.001, =0.003, =0.0035, and =0.012, respectively). The 
histopathological features of the patients who underwent 
liver biopsy are presented in Table 2.

Serum FGL-2 levels were found to be 47±12 ng/ml in pa-
tients with biopsy-proven NAFLD, compared to 37±10 ng/
ml in the control group. Upon evaluation using the Mann-
Whitney U test, a significant difference was observed be-
tween the groups. (p=0.002, Figure 1) Comparisons within 
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Table 1. Demographic and characteristic features of the patients

Groups  Simple steatozis Borderline NASH Control p
 (n=7)  NASH (n=11)  (n=12)  (n=21) 

Age  47±14  45±15  45±12  37±10  NS
Gender (F/M)  5/2  6/5  5/7  13/8  NS
Hgb  14.3±1.4  14.1±1.6  13.7±1.2  13.9±1.3  NS
WBC  7787±2247  7654±3152  7670±1842  7392±1649  NS
Plt (x10³)  236±63  258± 48  269±111  279±48  NS
AST  48±27  43±18  40±15  21±7  <0.001
ALT  62±42  52±24  46±17  25±13  <0.001
HOMA-IR  2.9±1.8  2.6±1.8  3.2±2.0  0.95±0.53  0.001
BMI  30±3  32±12  29±17  24±3  0.003
Waist circumference (cm)  99±22  99±12  104±17  86±12  0.035
FGL-2 (ng/ml)  43.6±12.3  46.1±9.7  51.2±13.5  37.6±19.3  0.012



the four groups using the Kruskal-Wallis test also revealed 
significant differences. (p=0.012, Figure 2)

In the ROC analysis to evaluate the efficacy of patients’ 
serum FGL-2 levels in predicting NAFLD, the AUC was 
determined to be 0.759, with p=0.002. It was observed 
that when FGL-2 levels were at 41 ng/ml, NAFLD patients 
could be predicted with a sensitivity of 67% and a speci-
ficity of 72%.

In the correlation analysis conducted on the patients, it 
was determined that FGL-2 was correlated with waist cir-
cumference (r=0.52, p=0.001), BMI (r=0.44, p=0.003), TG 
(r=0.37, p=0.016), and HOMA-IR (r=0.37, p=0.016).

DISCUSSION

The significance of FGL-2 in indicating chronic liver dam-
age associated with viral hepatitis has been demonstrated 
in animal and human studies, particularly in patients with 
chronic hepatitis C.[17-22] In a study conducted by Foer-
ster et al.,[22] it was observed that patients with chronic 
hepatitis C who had elevated serum FGL-2 levels exhib-
ited more pronounced necroinflammatory activity and 
fibrosis. However, this study reported no association be-
tween serum FGL-2 levels and alcoholic-related chronic 
liver disease patients. In our cross-sectional case-control 
study, we compared the waist circumference, BMI, TG, 
HOMA-IR, and serum FGL-2 levels of patients diagnosed 
with NAFLD through biopsy to a control group. We 
aimed to elucidate the relationship between biopsy, FGL-
2 levels, and the aforementioned metabolic parameters. 
In our study, where we aimed to determine the severity 
of NAFLD without a biopsy but solely based on FGL-2 
measurements, we found that FGL-2 levels in NAFLD pa-
tients were significantly higher than in the control group. 
We also observed that FGL-2 levels correlated with waist 
circumference, BMI, TG, and HOMA-IR, independent of 
histological parameters.

In a study similar to ours, which comprehensively ad-
dressed the relationship between NASH and FGL-2, Ço-
lak et al.[23] identified a significant difference between the 
NAFLD (borderline NASH + definite NASH) group and 
the control group in terms of FGL-2 levels. They deter-
mined that steatosis and the simple steatosis group did 
not correlate with FGL-2. Our study did not find a corre-
lation between the degree of steatosis and FGL-2. (r=0.24, 
p=0.2) Additionally, when comparing the simple steatosis 
group with the control group, we did not find a significant 
difference in FGL-2 levels. (p=0.14) When the Borderline 
+ Definite NASH group was collectively evaluated and 
compared with the control group, a significant difference 
was observed between the groups. (p=0.001) These find-
ings suggest that FGL-2 levels may correlate with inflam-
mation, like the previously demonstrated relationship with 
necroinflammation in chronic HCV rather than fibrosis.

The study conducted by Çolak and colleagues demon-
strated that the predictive value of FGL-2 levels in fore-
casting NAFLD was high. Similarly, in our research, 
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Table 2. Histopathological findings in NAFLD patients 

Steatoz  n (%)

 0  1 (3.3) 
 1   15 (50) 
 2  9 (30)
 3 5 (16.7)
NASH score 
 1  1 (3.3)
 2  4 (13.3)
 3  2 (6.7)
 4  6 (20) 
 5  5 (16.7) 
 6  5 (16.7) 
 7  6 (20) 
 8 1 (3.3)
Fibrozis Stage 
 0  4 (13.3) 
 1  18 (60) 
 2  5 (16.7)
 3  2 (6.6)
 4 1 (3.3)

Figure 1. Mean FGL-2 (ng/ml) levels in NAFLD patients and 
the Control group.

Figure 2. Mean FGL-2 (ng/ml) levels in subgroups of NAFLD 
patients and the Control group.
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we found that FGL-2 levels were effective in predicting 
NAFLD. (AUC=0.759, p=0.002)

Discussing the limitations of our study

Given the cross-sectional nature of our study, a long-term 
follow-up is necessary to discuss the relationship between 
histopathological findings and inflammation definitively. 
Moreover, our inability to show a correlation between 
transaminases and FGL-2 levels requires explanation. This 
situation might lead to an optimistic interpretation that 
FGL-2 levels could reflect the microinflammation level 
while suggesting that other confounding factors, such as 
medication, might not have been thoroughly evaluated.

When patients were divided into subgroups, the num-
ber of patients appeared marginal for a robust statistical 
analysis. A larger patient group is necessary for a reliable 
evaluation. The fact that all patients in our study group 
are of Turkish origin and belong to the same ethnic group 
could pose a disadvantage. Lastly, a noticeable deficiency 
is a lack of staining for FGL-2 in biopsy samples and the 
unexamined relationship between disease activity in the 
same preparation.

Conclusion
FGL-2 levels in NASH patients may reflect the balanc-
ing role of regulatory T cells and could indicate hepatic 
damage at the microinflammation level. Estimating disease 
severity, observing disease progression without biopsy, 
selecting patients for aggressive treatment approaches, 
and tightening follow-up intervals for cirrhosis and HCC 
could be significant. Moreover, we wish to emphasize in 
our study that FGL-2 could predict metabolic problems 
and potentially be a target in preventing metabolic liver 
diseases. For FGL-2 to become a non-invasive prognostic 
marker that obviates the need for a biopsy, comprehen-
sive and long-term follow-up studies are needed in this 
field, along with standard measurements in both tissue and 
serum and transitioning to a cost-effective structure.
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Amaç: Non-alkolik steatohepatit(NASH) karaciğerin en sık görülen metabolik hastalıklarından biridir. NASH hastalarında tanıdan sonraki 
on yıllık dönemde yaklaşık %25 oranında siroza gidiş izlenebilmektedir ve kriptojenik sirozun en sık nedeni olarak kabul edilmektedir. Fib-
rinojen like protein -2 (FGL-2), regülatuar T hücrelerince sekrete edilen fibrinojen süperfamilyasının bir alt üyesidir. Dendritik hücrelerin 
maturasyonunu engeller ve B hücrelerinin apoptozunu indükleyerek hem doğuştan hem de adaptif immunitenin regulasyonunda görev alır. 
Yüksek serum FGL-2 düzenin viral hepatitli hastalarda kötü prognostik gösterge olduğu yakın dönem çalışmalarda gösterilmiştir.

Gereç ve Yöntem: Çalışmaya biyopsi ile tanı konulan 30 NASH hastası ve kontrol koluna da 21 sağlıklı vaka dahil edildi. Her iki gruba dahil 
olan bireylerin serum FGL-2 düzeyleri karşılaştırıldı. Yine her iki gruba dahil edilen bireylerin klinikopatolojik özellikleri ile FGL-2 düzeyleri 
arasındaki ilişki incelendi. 

Bulgular: Serum FGL-2 düzeyleri NASH hastalarında 47±12 ng/ml iken kontrol grubunda 37±10 ng/ml saptandı. İstatistiksel değerlendirme 
Mann-Whitney U testi ile yapıldı. Biyopsiyle basit yağlanma, border-line NASH, kesin NASH olarak sınıfladığımız hastalar ile kontrol grubu 
arasında anlamlı fark saptandı (p=0.002). Bu dört grubu kendi arasında değerlendirdiğimizde de aralarında anlamlı fark gördük (Kruskal – 
Wallis test, p=0.012).

Sonuç: Çalışmamızda NASH tanılı hastalarda biyopsideki steatohepatit ile uyumlu şekilde serum FGL-2 düzeylerini daha yüksek tespit ettik. 
Yüksek FGL-2 düzeyleri hepatik hasarı mikroinflamasyon düzeyinde iken gösterebilir. Hastalık şiddetinin tahmini, hastalık seyrinin biyopsisiz 
izlemi ve kontrolü, tedavi açısından agresif yaklaşılacak hastaların seçimi, siroz ve HCC takip aralıklarının sıklaştırılması açısından önemli 
olabilir. Yine de bu konuda yapılacak daha kapsamlı çalışmalara ihtiyaç vardır.
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