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The impact of chronic disease on society is rapidly rising.1 The World Health Organization 
(WHO) estimates that 46% of global conditions and 59% of mortality are due to chronic 
diseases. Thirty-five million individuals worldwide die yearly from chronic illness, 
increasing steadily.2 Most chronic liver diseases in the developed world include alcoholic 
liver disease, chronic viral Hepatitis, including hepatitis B and C, nonalcoholic fatty liver 
disease (NAFLD), and hemochromatosis.3

Liver disease refers to any damage or disorder that limits or reduces the function of the 
liver. It can be genetic (inherited) or acquired (something that arises from an infection, 
unwholesome habits or actions, or exposure to specific toxins).4

The liver disease accounts for approximately 2 million deaths per year worldwide, 1 million 
due to complications of cirrhosis, and 2 million due to viral hepatitis and hepatocellular 
carcinoma.5, 6

Hepatitis

One of the most widespread infectious diseases in the world is hepatitis B.7 Over 350 
million of the 2 billion people with hepatitis B virus (HBV) infection are chronic carriers, 
characterized by the persistence of the virus and HBV surface antigen (HBsAg) in blood 
as well as the generation of viral antigens and HBV DNA in the liver.8-10 Annual deaths 
from chronic liver disease linked to HBV exceed a million.11

Hepatitis, characterized by liver inflammation, can result from several factors, including 
excessive alcohol consumption, autoimmune conditions, medicines, or pollutants. Viral 
Hepatitis, on the other hand, is the most common cause of Hepatitis and results from a 
viral infection. Most of the time, Hepatitis results from hepatitis viruses A, B, C, D, E, & G.12

Pathophysiology: It is triggered by many microorganisms such as cytomegalovirus (CMV), 
Epstein-Barr virus (EBV), and Herpes Simplex virus (HSV)13

There are two main types of hepatitis therapies available:14

Genes in viral hepatitis 
Viral infection affects gene expression and Origene offers antibodies for detection
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Immune modulator drugs: Interferon-type drugs that boost the immune system to help 
eliminate the hepatitis B virus.15Antiviral drugs: These are drugs that stop or slow down the 
hepatitis virus from reproducing, which reduces the inflammation and damage to the liver.16

Current treatment approach: First-line oral medication, such as tenofovir disoproxil 
fumarate (TDF) or entecavir, should be administered to any patient with acute HBV illness 
(ETV).17 Direct-acting antivirals (DAAs) are the most common treatment for Hepatitis.

Newer Targets

Table 1: New therapy for chronic hepatitis by acting as immunomodulators19-23, 43-44

B cell: Bursa-dependent lymphocyte; CHB: Chronic hepatitis B; HBcAg: Hepatitis B core antigen; HBsAg: Hepatitis B 
surface antigen; HBx: Hepatitis B virus X protein; IAPs: Inhibitor of apoptosis proteins; IFN-α: Interferon alfa; ISGs: 
IFN-stimulated genes; PD-1: Programmed cell death protein 1; PD-L1: Programmed cell death-ligand 1; SMAC: Second 
mitochondria-derived activator of caspase; T cell: Thymus-dependent lymphocyte; TLR: Toll-like receptor.

Future prospective:
For the treatment of chronic hepatitis B, several antiviral and immunomodulatory drugs have been 
combined. Alpha interferon and gamma interferon, alpha interferon and acyclovir, prednisone and 
interferon, and other combinations were some of them.18

  Classification by
  mechanism   Drug name Mechanism of action

  TLR agonists

Vesatolimod29 TLR-7 Agonist

RO702053130 TLR7 Agonist

JNJ-496431 TLR7 Agonist

GS-968832 TLR-8 Agonist

  IAP (Inhibitor of 
  Apoptosis Protein)   
  antagonist

APG-138728 Mimicking endogenous SMAC molecules to degrade IAPs

  Immune Checkpoint 
  Inhibitors Envafolimab27 Anti-PD-1/PD-L1

  Monoclonal   
  Antibodies

GC110224 HBsAg monoclonal antibody

VIR-343426 RNA gene silencer

  Other Immune 
  Approaches IMC-I109V25 Immune mobilizing monoclonal T cell receptors against the virus

Genes associated with hepatitis 
Viral infection affects gene expression and Origene offers antibodies for detection
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Alcoholic Hepatitis
Alcoholism (A.H.), fatty liver disease (steatosis), and, ultimately, cirrhosis can all be 
caused by excessive alcohol use. A severe form of alcoholic Hepatitis is characterized 
by the fast onset of jaundice, malaise, painful hepatomegaly, and modest signs of a 
systemic inflammatory response.33 

Approximately two-thirds of adults in the United States drink alcohol,34 while 7.2% 
suffer from alcohol use disorder (AUD).35 Excessive alcohol intake is the third leading 
preventable cause of death in the United States.36

In the hepatocytes, alcohol enters an oxidative metabolic route that lowers the 
nicotinamide adenine dinucleotide (NAD) proportion to NADH. This encourages 
lipogenesis by preventing the oxidation of triglycerides and fatty acids.45

Following the treatment used for the A.H.
• Guselkumab (Anti-IL 23 Monoclonal Antibody)37

• Pentoxifylline (phosphodiesterase inhibitor)38

• Infliximab (anti-TNF antibody)39

HSD17B is a multifunctional enzyme has 14 isoforms.  HSD17B4 and HSD17B10 are associated with inborn metabolism 
errors; hence a key target for research. OriGene offers a comprehensive tool box for analyzing HSD17B which includes 
cDNA clones, antibodies and recombinant proteins in addition to bioactive isoforms.

Genes associated with alcohol hepatitis 
Viral infection affects gene expression and Origene offers antibodies for detection

ALB CXCL8 GGT1 F2* GPT GSTM1

HSD17B13* TNF ICAM1 KRT18 LBP

HSD17B: A multifunctional enzyme family
Ask for the 4 bioactive isoforms

HSD17B2 HSD17B4 HSD17B10 HSD17B13
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Nonalcoholic fatty liver disease (NAFLD)

NAFLD is increasingly recognized as a significant cause of liver-related morbidity and 
mortality because of its potential to progress to cirrhosis and liver failure. NAFLD is the 
deposition of fat in the liver of a nonalcoholic subject, a condition that may progress to 
end-stage liver disease.40-42, 46

NAFLD is a prevalent liver disease in the United States (USA),47 affecting approximately 
20% of the adult population.48 Its prevalence is 10-24% of the general population in 
different countries. Among obese persons, the prevalence rises to 57-74% and 25-75% 
among obese diabetics.49, 50

Table 2: Potential agents for the treatment of NAFLD51, 52

FXR: farnesoid X receptor; GLP-1: glucagon-like peptide-1; THR: thyroid hormone receptor; SCD1, stearoyl CoA 
desaturase 1; PPAR: peroxisome proliferative activated receptor; FGF: fibroblast growth factor; FGFR: FGF receptor; 
FASN: fatty acid synthase; GIP: glucose-dependent insulinotropic polypeptide; HSP: heat shock protein; JNK: Jun 
N-terminal kinase. This table does not cover all of the trials. In addition to the problems presented in this table, there
are ongoing trials of GLP-1 receptor agonists, SGLT2 inhibitors, PPAR agonists, and combinations of various drugs.

Glia

  Pharmacological agent   Target

  Obeticholic acid FXR agonist

  Semaglutide GLP-1 receptor agonist

  Resmetirom (MGL-3196) THR-ß agonist

  Aramco SCD1 inhibitor

  Lanifbranor PPAR α, δ, γ agonist

  Belapectin (GR-MD-02) Galectin-3 inhibitor

  Pegbelfermin (BMS-986036) FGF21 analog

  MK-3655 Monoclonal antibody agonist of the b-Klotho/FGFR1c receptor complex

  TVB-2640 FASN inhibitor

  Tirzepatide Dual GIP and GLP-1 receptor agonist

  BI456906 Dual GIP and GLP-1 receptor agonist

  BMS-986263 HSP47 siRNA

CC-90001 JNK inhibitor

Genes associated with NAFLD 
Viral infection affects gene expression and OriGene offers tools for detection

HSD17B13* MIR10B* MIR122* MIR140 MIR21

MIR22 MIR34A MSR1 PNPLA3
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HSD17B13, a liver-enriched, hepatocyte-specific, lipid droplet-associated protein, has been 
reported to be strongly associated with the development and progression of NAFLD/
NASH in both mice and humans; hence a potential therapeutic target for NAFLD/NASH.

Tools for analyzing HSD17B13:  Bioactive protein, Clones, Antibodies

Figure 1: Bioactive HSD17B13  TP300460. Enzymatic activity with 75μM β-estradiol as a 
substrate, measured by NADH production (indicated by luminescence). 

Nonalcoholic Steatohepatitis (NASH)

NASH is characterized as the ectopic buildup of fat in the liver (hepatic steatosis) in 
the absence of additional sources of secondary liver fat buildup.53 Fat accumulation 
in at least 5% of hepatocytes is pathogenic because it can happen in healthy persons 
in small amounts.53 NAFLD is one of the most common causes of liver disease in the 
United States. The majority of people with NAFLD have NAFL. Only a small number 
of people with NAFLD have NASH. Experts estimate about 24% of U.S. adults have 
NAFLD, and about 1.5% to 6.5% of U.S. adults have NASH.54
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Genes associated with NASH 
Viral infection affects gene expression and Origene offers antibodies for detection

HSD17B13* GGT1 GPT IL6 INS* PON1

PPARA PPARG PTEN SLC17A5 TNF
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Figure 2: Pathogenetic pathways & pharmacological targets for therapy of NASH
Multiple pathogenetic pathways have been studied as possible pharmacological targets for the 
treatment of NASH55
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Insulin (INS) is one of key genes associated with NASH.  Studies have shown that 
lipotoxicity, insulin resistance (IR) and inflammation are involved in the disease process. 
Lipotoxicity promotes inflammation and IR, which in turn, increase adipocyte lipolysis 
and exacerbates lipotoxicity. Furthermore, IR and inflammation form a vicious circle, 
with each condition promoting the other and accelerating the development of NAFLD 
in the presence of lipotoxicity. 

Find the tools for analyzing INS:  Here
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Table 3: Drugs and their mechanisms of action

Liver Cirrhosis

In response to chronic liver injury, cirrhosis is defined as the histological formation 
of regenerating nodules surrounded by fibrous bands, which results in portal 
hypertension and end-stage liver disease.65

Researchers estimate that about 1 in 400 adults in the United States have cirrhosis. 
Cirrhosis is more common in adults ages 45 to 54. About 1 in 200 adults ages 45 to 54 
in the United States has cirrhosis.66

Two key genes associated with liver cirrhosis are FARSB and HSD17B13.
FARSB belongs to the aminoacyl-tRNA synthetase class Iic subfamily. 

OriGene offers a range of tools for analyzing FARSB:  Here

 Drug name  Mechanism of action

Aramchol, PF-06865571 & PF-0522130456 SCD1 inhibition and ABCA1 stimulation

Lanifibranor57, 58 PPARs agonist

Obeticholic Acid59 FXR agonist

Resmetirom60 Highly selective agonist of THR-ß

Semaglutide61, 62 GLP-1 agonist

Oltipraz63 AMPK-S6k1 and LXRg-SREBP-1c inhibition

Secukinumab64 Anti-Interleukin 17 A

Genes associated with cirrhosis
Viral infection affects gene expression and Origene offers antibodies for detection

FARSB* GAS5 GPT HOTAIR HSD17B13*

KRT18 KRT8 MALAT1 MEG3
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Figure 3: Summary of emerging drugs for the treatment of cirrhosis67
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Hepatocellular Carcinoma (HCC)

The most frequent primary liver cancer is hepatocellular carcinoma (HCC), which also 
has a high mortality rate from cancer. HCC is the ninth most common cancer that 
leads to mortality in the United States.68, 69

  Compound   Indication   Mechanism of action

Obeticholic acid
(INT-747) Compensated NASH cirrhosis (Reverse) Lipogenesis/oxidative stress

(Steroidal FXR agonist)

Belapectin
(GR MD 02) NASH cirrhosis with portal hypertension Macrophage activation/ fibrogenesis 

(Galectin-3 inhibitor)

Cenicriviroc 
(TAK-652;TBR-652)

NASH cirrhosis (and a liver-related clinical 
outcome in Aurora)

Inflammation/immune activation
(CCR2/CCR5 dual antagonist)

Pegbelfermin 
(BMS-986,036; ARX-618) Compensated NASH Lipogenesis/oxidative stress

(FGF21 analog)

Efruxifermin 
(AKR-001) NASH and fibrosis stage F1-F4 Lipogenesis/oxidative stress

(FGF21 analog)

Aldafermin 
(NGM282) Compensated NASH cirrhosis (Alpine 4) Lipogenesis/oxidative stress

(FGF19 analog)

BMS-986,263
(ND-L02-s0201) Compensated NASH cirrhosis Collagen synthesis

(HSP47 inhibitor)

CC-90,001 NASH with bridging fibrosis (F3)
or compensated cirrhosis (F4)

Apoptosis/inflammasome
(JNK inhibitor)

Semaglutide Compensated NASH cirrhosis Insulin resistance
(GLP-1 agonist)

Firsocostat
(ND-630; GS-0976) Compensated NASH cirrhosis Lipogenesis/oxidative stress

(ACC inhibitor)

Cilofexor
(GS-9674) Compensated NASH cirrhosis Lipogenesis/oxidative stress

(non-steroidal FXR agonist)

 Selonsertibf Compensated NASH cirrhosis 
(combination regimen only)

Apoptosis/inflammasome
(ASK-1 inhibitor)

Tocotrienol End-stage liver disease related to 
NASH 

Oxidative stress/inflammation
(an isomer of Vitamin E)

PRI-724 HBV/HCV cirrhosis
(Child-Pugh A/B)

HSC activation
(Wnt/β-catenin inhibitor)

Carbamazepine
Severe liver disease due to Alpha-1 
Antitrypsin Deficiency (clinically significant 
portal hypertension)

Mutant ATZ
(autophagy enhancer)

Erlotinib hydrochloride Liver fibrosis or cirrhosis
(Child-Pugh ≤6)

HSC activation
(EGFR inhibitor)

Table 4: Summary of medicines for the treatment of cirrhosis67
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Figure 4: Treatment options for hepatocellular carcinoma (HCC) according to the 
Barcelona Clinic Liver Cancer (BCLC) staging system
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Barcelona Clinic Liver Cancer (BCLC) Staging System and Treatment Options

Each year, the American Cancer Society estimates the number of new cancer cases 
and deaths in the United States. It compiles the most recent data on population-based 
cancer occurrence and outcomes. In 2022, 1,918,030 new cancer cases and 609,360 
cancer deaths are projected to occur in the United States.70

Treatment options for HCC depend on the disease’s stage (Figure 4). These include 
surgery (including curative resection and liver transplantation), radiofrequency ablation, 
stereotactic ablative radiotherapy/stereotactic body radiation therapy, transarterial 
chemoembolization (TACE), transarterial radioembolization, and systemic targeted 
therapies, including Atezolizumab/Bevacizumab (immune checkpoint inhibitors [ICIs] 
that are now the established standard of care for advanced HCC) and Sorafenib/
Lenvatinib (multi-targeted tyrosine kinase inhibitors that were previously the standard 
of care for advanced HCC).71

11 of 20 Biomarkers for Liver Disease



Figure 5: Recently used Immune checkpoint inhibitors agents with the 
mechanism of action. PD-1, PD-L1, and CTLA-4-targeting monoclonal antibodies  that have 
been or are being developed as ICIs for the treatment of HCC are listed below.72, 73

Table 5: Monoclonal antibody comparison

  Monoclonal antibody   Ligand target   Antibody class

Nivolumab PD-1 IgG4

Pembrolizumab PD-1 IgG4

Camrelizumab PD-1 IgG4

Tislelizumab PD-1 IgG4

Atezolizumab PD-L1 IgG1

Durvalumab PD-L1 IgG1

Ipilimumab CTLA-4 IgG1

Tremelimumab CTLA-4 IgG2
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Autoimmune Hepatitis (AIH)

liver characterized by circulating autoantibodies and elevated serum globulin levels. It 
can present in acute or chronic forms. In autoimmune diseases, AIH is associated with 
non-organ-specific antibodies in the context of hepatic autoimmunity.75

Autoimmune Hepatitis is more common in females than males, with a ratio of 3.6:1. 
However, it is reported that 100,000 to 200,000 individuals are affected yearly. The 
current proposition for pathogenesis is thought to be secondary to a failure of 
immune tolerance in a genetically susceptible individual leading to a T-cell-mediated 
inflammation caused by various environmental triggers. Common triggers include 
infections, medications, and toxins. Specific human leukocyte antigen (HLA) haplotypes 
are more susceptible to the development of autoimmune Hepatitis.76 

Therefore, future immunotherapies should aim to restore self-tolerance to hepatic 
autoantigens, nullifying the need for long-term immunosuppression.

Figure 6: Putative mechanisms of liver damage and new immunotherapies for 
autoimmune Hepatitis77
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Current standard treatment with azathioprine and prednisolone induces remission in 
most patients. However, for those patients not responding to standard therapy or not 
tolerating these drugs, few alternatives can be used, and their effectiveness might be 
limited.78

Anti-CD20 antibodies (rituximab): that deplete B cells and have demonstrated efficacy in 
other autoimmune conditions.79, 80

Anti-CD3 monoclonal antibodies (OKT3): are used in treating severe acute rejection after 
solid organ transplantation.81

TNF-α blockade with monoclonal antibodies (infliximab)

Cholestasis 

A significant function of the liver is the production and secretion of bile. Any disturbance 
in the complex sequence of cellular events that ultimately result in the entry of bile 
fluid into the duodenum impairs the bile secretory process and therefore invokes a 
condition descriptively called Cholestasis.82

Epidemiology: Cholestasis is observed across all age groups. However, the pediatric 
and adolescent age group is more susceptible to Cholestasis owing to the immaturity 
of the liver.83

Pathophysiology: Water enters the canaliculi by a chemical and osmotic gradient 
created by the trafficked protein that carries the bile content there. Understanding the 
mechanisms behind some disorders, such as benign recurrent intrahepatic Cholestasis 
(F1C1 locus gene) and progressive familial intrahepatic Cholestasis, has been made 
possible by identifying anomalies within some of these transporter proteins (F1C2 
locus gene). Bile salts that aren’t appropriately transported build up in the liver. The 
bile salts’ potent detergent-like activity damages membranes and impairs their ability 
to function. The physical restriction of bile flow at the level of extrahepatic biliary ducts 
is another mechanism of Cholestasis. Hepatotoxicity can also bring on by retained 
bile.83, 84

Current treatment approaches for Cholestasis

• Ursodeoxycholic Acid (UDCA)
• Obeticholic Acid (OCA) Tropifexor
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Figure 7: Novel classes of therapies for cholestatic liver diseases85

Monoclonal Antibodies

Using monoclonal antibodies (MoAbs) is one of the most promising ways of improving 
patient outcomes. Following the treatment approach for Cholestasis: 

Table 6: Novel classes of drugs for cholestatic liver diseases86, 87
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  Drug Mechanism of Action

  Rituximab Monoclonal antibody against CD20; B-cell depletion

  Ustekinumab Monoclonal antibodies against IL-12 and IL-23

  Abatacep Monoclonal antibody that targets CD80 and CD86 on antigen-presenting cells 
and interferes with T-cell activation

  Infliximab Monoclonal antibody against TNF-α

  Simtuzumab Humanized IgG4 monoclonal antibody against LOXL

CM-101 anti-ccl24 monoclonal antibody reduces cholangiocytes proliferation

Baricitinib Inhibitors of Janus kinase (JAK) 1 and 2
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Future prospective:
Many research organizations worldwide strive to identify and characterize new mAb 
targets for Cholestasis. Furthermore, advanced molecular engineering has enabled 
the development of superior mAb alterations and formulations that address several 
technical issues, such as optimal immune effector mechanism stimulation, stability, 
and half-life.

OriGene Technologies, Inc. 

OriGene is a leading supplier to the global life science industry with solutions and 
services for research, biotechnology development and production, and pharmaceutical 
drug therapy development and production.

OriGene is your one-stop shop for all human tissue samples, including healthy and 
diseased patients. We can choose and annotate specimens with molecular and genetic 
characterizations, treatment data, outcomes data, and other applicable patient and 
specimen data. Researchers can also obtain standard tissue samples, cervical cancer 
tissue, and longitudinal collections. Cytosections offer a verified, reproducible and 
renewable source of positive/negative controls where the expression of the target 
biomarker is confirmed for accuracy & specificity by an immunoassay. We also supplied 
Cytoblocks of any CytoSection. For more information, please visit www.origene.com. 
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