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ABSTRACT 

Background: Non-alcoholic fatty liver disease (NAFLD) is the emerging cause of chronic liver disease. In addition, 

steatosis may lead to failure of obtaining sustained virological response after hepatitis C virus eradication. Therefore, 

there is a trend to identify effective strategies for managing hepatic steatosis. Farnesoid X receptor (FXR) agonists are 

reported to play a role in NAFLD treatment.  

Objective: This study aimed to explore the immunohistochemical expression of FXR in NAFLD spectrum in 

association with the clinicopathological data.  

Material and method: This was a retrospective study including 50 cases of NAFLD and 23 cases of normal liver. The 

NAFLD group was subdivided into 11 cases of NAFL (simple steatosis) and 39 cases of non-alcoholic steatohepatitis 

(NASH). Results: Hepatocyte FXR nuclear expression was significantly decreased in NASH group (P=0.001) with no 

significant decrease in NAFL group compared to normal liver (P=0.149). Bile duct FXR expression was significantly 

lower in NAFL group compared to normal liver (P= 0.009) to reach the lowest level in NASH group (P= 0.017). In 

NAFLD group, there was an inverse correlation between hepatocyte FXR nuclear expression and the ALT/AST ratio 

(r=-0.349 and P=0.013). However, hepatocyte FXR nuclear expression was significantly associated with moderate 

grade of steatosis and severe fibrosis (P= 0.044 and P= 0.033, respectively).  

Conclusion: Hepatocyte FXR nuclear expression showed a stepwise decrease in its expression from normal to NASH 

passing with NAFL. Therefore, FXR has a protective role against NAFLD progression. Elevated liver enzymes could 

be used as a non-invasive method for monitoring FXR agonists' efficacy. 

Keywords: ALT/AST ratio, FXR, NAFLD spectrum. 

 

INTRODUCTION 

Non-alcoholic fatty liver disease (NAFLD) is 

considered an emerging issue worldwide with an 

alarming rising prevalence. The highest prevalence 

rates (nearly 30%) has been reported from Middle East 

and South American countries with a much lower 

prevalence rate in Africa (13%) (1). NAFLD is a 

spectrum of liver disease including simple steatosis > 

5%, non-alcoholic steatohepatitis (NASH), fibrosis, 

cirrhosis, and hepatocellular carcinoma (HCC) (2). The 

fundamental criteria is the presence of steatosis in the 

absence of any other causes for liver diseases; such as 

alcohol consumption, chronic viral hepatitis and 

autoimmune hepatitis (3). NAFLD is considered the 

hepatic manifestation of metabolic syndrome and 

commonly associated with obesity, insulin resistance, 

type 2 diabetes, dyslipidemia, hypertriglyceridemia, 

and hypertension (4). Therefore, a global trend reached 

a final consensus that NAFLD terminology should be 

changed to metabolic associated fatty liver disease 

(MAFLD) (5). Because of the rising global concern 

towards NAFLD as the coming leading cause of end-

stage liver disease, HCC and liver transplantation, a 

considerable effort has to be paid to its prevention and 

available treatment (6).  

Farnesoid X receptor (FXR), also known as 

NR1H4, is a member of the nuclear receptor 

superfamily. It is highly expressed in the liver, 

intestine, kidney and adrenals (7).  

 

 

Under physiological condition, bile acids (BAs) 

are endogenous ligands of FXR playing a crtitical role  

in elimination of cholesterol, regulation of glucose and 

lipid metabolism, and reduction of inflammation and 

fibrosis. FXR is located in cytoplasm of cholangiocytes 

and hepatocytes and aids in BA formation  and 

regulation through different pathways(8). Upon 

activation, FXR is translocated to the nucleus, forms a 

dimer and binds to hormone receptor element 

downregulating the expression of certain genes. In 

addition, the regulatory role of FXR in glucose and 

lipid metabolism via activation of de novo lipogenesis 

pathway through induction of liver X receptor (LXR) 

and Sterol regulatory element binding protein 1c 

(SREBP1c) (7, 9). Low hepatic FXR expression is 

reported as a risk factor in the development of NASH 
(10, 11). Furthermore, FXR is involved in both the 

adaptive and innate immune response associated with 

chronic inflammation of NASH (11). Ongoing clinical 

trials using FXR agonists might represent a promising 

therapeutic strategy in the future to prevent and treat 

NASH (12). In view of limited previous studies 

exploring the expression of FXR protein on NAFLD 

patients.  

Therefore, we aimed to study the 

immunohistochemical (IHC) expression of FXR on 

liver tissue from NAFLD cases with different dissease 
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spectrum and to compare its expression with the 

available clinicopathological data.  

This could aid in predicting the possible long 

term impact of FXR agonists exposure on the 

progression of the disease.  

PATIENTS AND METHODS 
This is a retrospective, case control study 

including 73 cases divided into two groups; 50 cases of 

NAFLD and 23 of normal liver tissues (obtained from 

potential donor of liver transplantation), depicted in 

figure (1, A). The NAFLD group was further allocated 

into two subgroups: 11 cases with NAFL and 39 cases 

with NASH). Formalin-fixed, paraffin embedded 

(FFPE) specimens were collected from the archive of 

the Pathology Department, National Liver Institute, 

Menofia University as a part of the standard clinical 

management of the patients. Clinical and laboratory 

data were collected from patients' medical records. 

Cases with positive drug history, chronic viral hepatitis 

or autoimmune disease had been excluded from the 

study. 

Grading and staging of NAFLD cases were done 

according to steatosis, activity and fibrosis scoring 

(SAF scoring) (13). Steatosis was scored into three 

grades according to the percentage of fat cells. 

Hepatocyte ballooning and lobular inflammation were 

graded into score 1 and 2, and a final activity score was 

obtained by the sum of both scores. Hepatic fibrosis 

was assessed by Masson trichrome stain and staged 

from 1 to 4 according to the distribution and severity of 

fibrosis. In addition, we assessed bile duct injury and 

proliferation in order to link the impact of bile duct 

injury on the expression of hepatocyte FXR.  

 

Ethical approval: 

The study was approved from the Institutional 

Review Board (IRB) of the National Liver Institute 

(NLI) and Faculty of Medicine, Menoufia 

University. 

 

The IHC staining and assessment of FXR antibody: 

Rabbit polyclonal FXR primary antibody (Ref; 

ab235094) was obtained from Abcam, Cambridge, UK. 

High PH tris-EDTA antigen retrieval solution (Dako, 

Ref K8000, Glostrup, Denmark) was carried out for 20 

minutes heating followed by cooling for 20 minutes. 

Sections treated with primary antibody diluted in Dako 

antibody diluent at concentration of (1:75) and 

incubated overnight at 4oC. Human kidney was used as 

a positive control. Negative control by omitting 

primary antibody was included in each run. 

The expression of FXR was assessed in 

hepatocytes and bile ducts and considered positive if 

any nuclear brownish expression was detected (14, 15). In 

addition, hepatocyte cytoplasmic expression was 

observed in hepatocytes together with the nuclear 

expression and was also assessed (16). FXR antibody 

expression was assessed according to the Histoscore (H 

score) system. A final score (0 to 300) was obtained by 

multiplying the staining intensity (0-3) by the 

percentage of stained cells (17).  

 

Statistical Analysis 

Statistical analysis was carried out using 

Statistical Package for the Social Sciences (SPSS) 

program for windows, version 20, SPSS Inc., Chicago, 

Illinois, USA. The Kolmogorov-Smirnov test was used 

to verify the normality of distribution. Significance of 

the obtained results was judged at the 5% level.   

Chi-square test was used to compare between 

categorical variables and Monte Carlo when more than 

20% of the cells have expected count less than 5. 

Student t-test and F-test (ANOVA) were used for 

normally distributed quantitative variables. Post Hoc 

Test (Dunn's) was used for multiple comparisons. 

Mann Whitney and Kruskal Wallis tests were used to 

compare between abnormally distributed quantitative 

variables. In addition, Pearson and Spearman 

coefficient were used to correlate between two 

quantitative variables. Two tailed P-value is considered 

statistically significant when it is ≤ 0.05.  

 

RESULTS 

The clinicopathological data of NAFLD group: 

The median age of the studied NAFLD cases 

was 29 years old with median serum ALT/AST ratio of 

1.19 (0.88–1.44). NAFLD patients were allocated into 

two subgroups 11 cases of NAFL, 22% (Fig. 1, B) and 

39 of NASH, 78% (Fig. 1, C). The mean percent of 

steatosis ±SD was 37.40±22.73. Ballooning change and 

lobular inflammation were seen in 88% and 98% of 

cases, respectively. The stage of fibrosis was mild in 

64% and severe in 16% of cases. The details of 

clinicopathological data of NAFLD group were 

illustrated in table (1).  
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Table (1): The clinicopathological data of NAFLD cases. 

 

Variables No. % 

Age (years)  

Min. – Max. 18 – 57 

Mean ± SD. 31.40 ±10.65 

Median (IQR) 29 (24 – 36) 

Sex 
28 

22 

56 

44 
Male 

Female 

ALT/AST ratio   

  

Mean ± SD. 1.26 ±0.3 

Median (IQR) 1.19  

Steatosis %   

  

Mean ± SD. 37.40 ±2.73 

Median (IQR) 40  

Steatosis grade    
Mild 

Moderate 

 

40 

 10 

 

80 

20 

Lobular inflammation 

     Absent 

     Present 

               

             1 

49 

 

2 

98 

Fibrosis   

           10 

           32 

8 

 

20 

            64 

16 

Absent 

Mild 

Severe 

Bile duct injury and proliferation 

            Absent 

Present  

 

40 

10 

 

80 

20 

ALT: Alanine transferase, AST: Aspartate transferase, NAFLD: Non-alcoholic fatty liver disease, NASH: Non-alcoholic 

steatohepatitis. 

 

The IHC expression of FXR in the studied groups: 

(Table 2) 

Regarding normal liver tissue cases, all cases 

(100%) showed positive hepatocyte nuclear expression 

(median H score 230) and bile duct nuclear expression 

(median H score was 190) as shown in figure (1, D). In 

NAFL group, hepatocytes showed positive FXR 

nuclear staining in 100% of cases with a median H 

score of 175 as shown in figure (1, E). On the other 

hand, bile duct positive expression was detected in 84% 

of cases with a median H. score of 120. 

There was a positive correlation between FXR 

hepatocyte nuclear expression and bile duct expression 

within NAFL group (r= 0.404 and p= 0.004). 

FXR hepatocyte expression declined in a 

stepwise fashion from normal to NASH passing 

through NAFL group. There was no significant 

difference between NAFL and normal liver tissue 

groups regarding FXR hepatocytes nuclear expression 

(P=0.149). However, low FXR hepatocyte nuclear 

expression was significantly observed in NASH group 

compared to normal liver tissue group (P=0.001) as 

shown in figure (1, F).  

Similarly, there was a significant decrease in 

FXR bile duct expression in NAFL and NASH groups 

compared to normal group (P=0.009 and P=0.017, 

respectively).  

Furthermore, there was no significant 

difference between NAFL and NASH groups regarding 

hepatocyte or bile duct FXR expression (P=0.706, 

P=0.339, respectively).  
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Table (2): Comparison between H score of immunohistochemical expression of FXR in the studied groups. 

Variables 
Normal 

(n = 23) 

NAFLD 

(n=50) 
Test of 

sig. 
P-value 

Simple steatosis (n=11) NASH (n = 39) 

 FXR hepatocyte expression 

Min. – Max. 55.0 – 260.0 120.0   260.0 95.0 – 260.0 
F= 

6.770* 
0.002** Mean ± SD. 212.6 ± 49.54 181.36 ± 34.65 169.10 ± 44.81 

Median (IQR) 230 (200 – 245) 175 (165 – 195) 170 (125 – 200) 

Sig. bet. groups. p1=0.149, p2=0.001*, p3=0.706   

 FXR bile duct expression 

Min. – Max. 0.0 – 280.0 0.0 – 270.0 0.0 – 270.0 

H= 

8.605* 
0.014* 

Mean ± SD. 177.17 ± 72.50 108.18 ± 86.5 133.3 ± 73.76 

Median (IQR) 
190.0(140.0 – 

227.5) 
120.0(40.0– 145.0) 130.0(100.0 – 185.0) 

Sig. bet. groups. p1=0.009*, p2=0.017*, p3=0.339   

NAFLD: Non-alcoholic fatty liver disease, NASH: Non-alcoholic steatohepatitis,  

2: Chi square test, MC: Monte Carlo, F: ANOVA test, H: Kruskal Wallis test,  

*: Statistically significant at p ≤ 0.05. 

**: Highly significant at p ≤ 0.01. 

p: p value for comparing between Normal and NAFLD groups. 

p1: p value for comparing between Normal and simple steatosis groups. 

p2: p value for comparing between Normal and NASH groups. 

p3: p value for comparing between simple steatosis and NASH groups.   

 

The association of FXR expression with the 

clinicopathological parameters of NAFLD group 

(n=50): (Table 3) 

There was an inverse correlation between 

FXR hepatocyte nuclear expression and the serum 

ALT/AST ratio (r=- 0.349 and P=0.013). On the other 

hand, there was a significant association between FXR 

nuclear hepatocyte overexpression and the moderate 

grade of steatosis, (Fig. 1, G) and high stage of fibrosis 

(Fig. 1, H) (P= 0.044 and P= 0.033, respectively). We 

also assessed the cytoplasmic expression of FXR in 

hepatocytes but there was no significant association 

with the available clinicopathological data (Data was 

not tabulated). 

Regarding the impact of FXR bile duct 

expression, there was an inverse correlation between 

FXR bile duct expression and both patients’ age and the 

serum ALT/AST ratio (r=-0.285, P=0.045 and r=-0.354 

and P=0.012, respectively). Also, there was a 

significant association between FXR bile duct 

overexpression and the moderate grade of steatosis and 

severe liver fibrosis (P=0.025 and P=0.029, 

respectively). In addition, FXR bile duct 

overexpression was significantly associated with the 

presence of bile duct injury and proliferation (P=0.008) 

as shown in figure 1 (I).   
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Table (3): The association of FXR expression and the clinicopathological parameters in NAFLD group (n=50). 

Variables 

FXR hepatocyte H score expression FXR bile duct H score expression 

Median 

(Mean ± SD) 

Test of 

Significance 

& p-value 

 

Median 

(Mean ± SD) 

 

Test of 

Significance 

& p-value 

Age  
r=0.177 

p=0.220 
 r=-0.285 p=0.045* 

Sex 

Male 

 

175.0 

(177.9 ± 44.08) 
t=1.133 

p=0.263 

 

130.0 

(128.6 ± 78.28) 

120.0 

(126.8 ± 76.04) 

 

 

U=300.0 

p=0.875 
Female 

160.0 

(164.1 ± 40.70) 

ALT/AST ratio  
r=-0.349 

p=0.013* 
 

r=-0.354 

p=0.012* 

Steatosis  
120.0 

(113.8 ± 74.69) 

180.0 

(184.0 ± 57.58) 

 

 

U=108.0* 

p=0.025* 

Mild 
170.0 

(165.8 ± 38.31) t=2.067* 

p=0.044* 
Moderate 

190.0 

(196.0 ± 52.75) 

Ballooning 

t=1.010 

p=0.318 

125.0 

(120.0 ± 111.2) 

130.0 

(128.9 ± 72.29) 

 

U=122.0 

p=0.782 
Absent 

190.0 

(188.3 ± 45.35) 

Present 
170.0 

(169.6 ± 42.44) 

Lobular inflammation 

 

NA 

 

 

 

_ 

 

130.0 

(128.0 ± 77.30) 

 

 

 

NA 

Absent 
_ 

 

Present 
170.0 

(172.0 ± 43.17) 

Fibrosis 

 

F=3.683* 

p=0.033* 

 

110.0 

(70.0 ± 60.37) 

                      150.0 

(141.9 ± 70.66) 

177.5 

(143.8 ± 90.66) 

 

 

H=7.114* 

p=0.029* 

 

Absent 
170.0 

(165.0 ± 27.49) 

Mild 
170.0 

(165.0 ± 42.73) 

Severe 
225.5 

(207.5 ± 44.80) 

Bile duct injury 

and proliferation 

 

 

172.5 

(168.0 ± 37.67) 

170.0 

(187.0 ± 59.03) 

t=0.970 

p=0.353 

 

 

120.0 

(115.3 ± 69.27) 

200.0 

(178.0 ± 87.09) 

 

 

U=92.0* 

p=0.008** 
Absent  

 

Present  

t: Student t-test F: ANOVA test     r: Pearson coefficient      

U: Mann Whitney test   H: Kruskal Wallis test 

#: Cases were excluded from the comparison (due to small sample size) 

*: Statistically significant at p ≤ 0.05  

**: Highly significant at p ≤ 0.01. 
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Figure (1): FXR immunohistochemical expression in the studied groups: (A) A case of normal liver tissue showed 

preserved lobular architecture and normal looking hepatocytes (H&E x200). (B) A case of NAFL showed mild 

macrovesicular steatosis without hepatocytes ballooning or lobular inflammation (H&E x200) (C) A case of NASH 

showed mild macrovesicular steatosis, hepatocytes ballooning and lobular inflammation (H&E x200). (D) A case of 

normal liver tissue showed strong diffuse FXR expression in both hepatocytes and bile ducts (IHC x200). (E) A case 

of NAFL showed moderate FXR expression in hepatocytes (IHC x200). (F) A case of NASH showed mild FXR 

expression in hepatocytes (IHC x200). (G) A case of NASH with severe steatosis showed strong FXR expression in 

both hepatocytes and bile ducts (IHC x200). (H) A case of NASH with severe fibrosis with complete cirrhotic nodules 

showed strong FXR expression in both hepatocytes and bile ducts (IHC x100), (incited image showed strong FXR 

expression with severe fibrosis, IHC x200).(I) A case of NASH showed strong FXR expression in the proliferating 

and injured bile ducts (IHC x200). 

 

DISCUSSION 

The prevalence of NAFLD is alarmingly 

increasing worldwide with a bidirectional link between 

metabolic syndrome, DM, obesity and NAFLD (4). In 

parallel to the effectiveness of anti-viral agents in the 

management of chronic viral hepatitis, NAFLD became 

the leading cause of chronic liver disease in different 

countries (6). Even more, previous studies reported that 

failing of obtained sustained virological response (SVR) 

after anti-viral agents could result from secondary fat 

accumulation (18, 19).  

Therefore, there is a trend to identify effective 

strategies for the diagnosis and treatment of NAFLD. 

Changing lifestyle, weight loss and exercise along with 

the control of associated risk factors remains the 

cornerstone of the management of NAFLD. The main 

objective of pharmacological therapy is to prevent the 

progression of liver disease and cardiovascular 

complications (20). FXR agonists are reported to play a 

role in the management of NAFLD (21). However, the 

long-term effect of FXR agonists on the progression of 

the disease spectrum and how long should it be 

maintained with no adverse effect remains yet unclear. 

Therefore, the present study aimed to assess the 

immunohistochemical expression of FXR protein on 

different NAFLD spectrum and to compare the 

expression with the possible clinicopathological data.  

The current study showed positive FXR nuclear 

staining in both hepatocytes and bile ducts in all normal 

liver tissue cases. FXR hepatocyte cytoplasmic 

expression was also noticed (16) and statistically 

analyzed. However, it showed non-significant 

association with the clinicopathological parameters. 

Also, there was no significant difference between 

different FXR cellular and subcellular localization in 

both NAFL and NASH groups. However,  previous 

studies reported that hepatocyte cytoplasmic expression 

is the non-activated form that translocated to the nucleus 
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to perform its function (8). However, Lax et al. (22) 

observed a cytoplasmic expression of FXR on colon 

cancer without focusing on its significant impact. In 

another study performed by Huang et al. (16), it was 

reported that the activated form of FXR was located in 

the cytoplasm without nuclear expression in the brain 

tissue. Therefore, the function of FXR subcellular 

localization could be varied according to the organ 

distribution. However, further studies are recommended 

to ascertain the value of FXR cytoplasmic hepatic 

localization in induction of hepatic steatosis and liver 

disease.  

 The detected FXR expression in normal liver 

tissue agreed with previous studies that highlighted the 

physiological role of FXR in regulating lipid 

metabolism, glucose homeostasis, and bile acid 

synthesis which is the final step of cholesterol catabolism 

through different molecular pathways (7,14,23). Under 

physiological conditions, FXR was found to reduce liver 

steatosis and hyperlipidemia by suppressing de novo 

lipogenesis, inducing lipoprotein lipase activity, and 

promoting TG oxidation and clearance (24).  

The present study showed significantly 

decreased FXR hepatocyte and bile duct 

immunohistochmical expressions in the whole NAFLD 

spectrum cases group in comparison to normal liver 

group. This agreed with Yang et al. (9) and Aguilar-

Olivos et al. (25) who reported low FXR protein level in 

patients with NAFLD. Also, we found a significant 

decrease in FXR hepatocyte nuclear expression in 

NASH group compared to normal liver group which 

support other researchers who found that FXR 

deficiency induce pathologic manifestations of NASH 
(10,11). Therefore, activation of FXR could be a 

therapeutic target for management of NAFLD 

progression and for treatment of NASH.  

Interestingly, the current study showed no 

significant difference regarding FXR hepatocyte 

expression in NAFL and normal liver groups. On the 

other hand, FXR hepatocyte expression declined in a 

stepwise fashion from normal to NASH passing through 

simple steatosis group.  

In NAFLD group, there was an inverse 

correlation between low FXR hepatocyte and bile duct 

expression with subsequently NAFLD progression and 

the elevated serum ALT/AST ratio. This highlights the 

anti-inflammatory role of FXR in liver injury proved 

with a previous study that used synthetic FXR agonist 

(WAY-362450) on animal model and it was found to 

significantly lower the serum level of liver functional 

enzymes, AST and ALT, and inflammatory chemokines, 

MCP-1 (Monocyte chemoattractant protein-1) 

expression and so significantly decrease inflammatory 

cell infiltration in the liver (21). This also agreed with 

Sorbi et al. (26) and Obika and Noguchi (27) who reported 

the value of ALT/AST ratio as a powerful biomarker 

index as a part of the NAFLD liver fat score to assess 

diseased progression. Therefore, ALT/AST ratio could 

be a non-invasive indicator of NAFLD progression and 

also for further assessment of the impact of FXR 

agonists. 

FXR hepatocyte nuclear overexpression was 

significantly associated with the moderate grade of 

steatosis. This agreed with Zhang et al. (28) who 

postulated that the long-term activation of FXR may 

increase fat mass and obesity in a mouse model of 

NAFLD. In addition, the current study showed a 

significant association between FXR hepatocyte nuclear 

expression and the severe stage of fibrosis. This 

disagreed with previous studies done on two rodent 

models to explore the antifibrotic activity of FXR ligand 

and found a beneficial effect of FXR and its agonists in 

preventing hepatic fibrosis (29). On the other hand, 

Fickert et al. (30) detected the immunohistochemical 

expression of FXR in five mouse models and prototypic 

human fibrotic liver diseases and found that loss of FXR 

significantly reduces fibrosis only of the biliary type but 

has no impact on non-cholestatic liver fibrosis as there is 

no FXR expression in hepatic stellate cells (HSCs) and 

portal myofibroblasts (MFBs) detected in liver fibrosis. 

Moreover, other studies linked increased FXR 

expression to hepatic fibrogenesis and subsequent 

cirrhosis modulated by fibroblast growth factor 19 

activation (FGF 19) (31,32). The possible mechanisms are 

either disrupting BA metabolism or hepatic stem cell 

activation (33). Finally, the current study showed a 

significant association of FXR bile duct expression and 

presence of bile duct injury and proliferation which with 

the hepatic fibrosis could support the role of FXR in 

inducing cholangiocytes proliferation. This is supported 

by the positive correlation between FXR hepatocyte and 

bile duct expression in the current study. This agreed 

with An et al. (34) who found that certain FXR agonist 

exacerbated bile ductular reaction. Hence, bile duct 

proliferation; biliary progenitor cells are the main 

players in hepatic fibrosis progression (35).  

 

CONCLUSIONS 

The immunohistochemical expression of FXR 

might play a role in NAFLD progression that 

necessitates the integration of different hepatic and bile 

duct cellular localizations. Decreased FXR expression 

could lead to NAFLD disease progression. However, 

once NAFLD spectrum has developed, FXR hepatocyte 

and bile duct nuclear overexpression were associated 

with advanced steatosis and fibrosis. The inflammatory 

biomarkers (ALT & AST) can be used as a non-invasive 

method for monitoring of the efficacy of FXR agonists 

in the treatment of NASH. 
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