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Abstract 

Introduction: Liver damage is a common symptom of many diseases, including metabolic 

disorders and cancers. Such patient condition requires effective examinations aimed at prompt 

diagnosis and implementation of the most appropriate treatment for a specific disease. 

Haptoglobin, the subject of many studies, has proven to be a protein that can be used as a 

biomarker of liver damage, thereby aiding not only in the diagnosis but also in the treatment, 

resulting in more favorable prognoses regarding patient longevity and quality of life. 

Objective: The aim of this study is to elucidate the role of haptoglobin as a diagnostic and 

prognostic biomarker in cases of liver damage. 

Methods: A review of scientific literature and analysis of clinical data regarding haptoglobin 

levels in liver damage were conducted to assess the reliability of haptoglobin as a biomarker. 

This paper primarily utilized the latest publications produced after 2015. PubMed and Google 

Scholar were used to find relevant publications. All cited works provided useful information to 

achieve the aim of our article. 

Results: Analysis of the literature suggests that haptoglobin levels may be significantly 

associated with the development and severity of liver damage. It may serve as a suitable 

biomarker for diagnosing diseases that coincide with hepatocyte damage, thus improving the 

diagnosis of these diseases and increasing the chance of appropriate treatment, which may 

contribute to prolonging and improving the patient's quality of life. 

Conclusions: Haptoglobin appears to be a promising biomarker in liver damage; however, 

further research is necessary to confirm its diagnostic and prognostic accuracy. Haptoglobin 

exists in various genotypic forms, each characteristic of different disease entities. 

Understanding the mechanisms regulating haptoglobin levels may lead to a better 

understanding of liver damage pathogenesis and the development of more effective therapies, 

increasing the chance of patient recovery and improving their quality of life. 

Keywords: Haptoglobin, liver damage, haptoglobin levels in liver injury, diagnosis of liver 

damage, diseases associated with liver damage, acute phase reaction, liver damage biomarkers, 

haptoglobin measurement methods 

 

I. Introduction 

The liver, playing a key role in metabolism, detoxification and protein synthesis, is an organ of 

fundamental importance for maintaining the body's homeostasis. For this reason, disorders in 

its functioning, such as non-alcoholic steatohepatitis or cancer, may lead to a number of serious 

diseases, threatening the patient's health and life.  
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Among the diagnostic tools used to monitor liver health, haptoglobin (from the Greek 

haptein - "to bind"), an acute phase protein discovered in 1938 by Polonovski and Jayle's team, 

responsible for the uptake of free hemoglobin during hemolysis[1] - may play an important role 

as a potential a marker of the pathology of this organ. 

In this review, we will focus on the role of haptoglobin as an indicator of severe liver disease, 

focusing mainly on non-alcoholic fatty liver disease (NAFLD), non-alcoholic steatohepatitis 

(NASH), and primary and metastatic liver cancers. We will investigate the relationship between 

haptoglobin levels and liver health, analyzing both the mechanisms of action of this 

glycoprotein and the results of clinical studies in humans and animals confirming its usefulness 

as a diagnostic tool. Moreover, we will review existing methods for determining haptoglobin 

and discuss the prospects for using this marker in clinical practice. 

Studying the role of haptoglobin as an indicator of severe liver disease is important to improve 

the diagnosis and treatment of patients associated with this disease. As medical and 

biotechnology advances, a better understanding of pathological mechanisms and the 

identification of effective diagnostic markers become crucial for more effective therapeutic 

intervention and improved quality of health care. 

 

II. Biological basis of haptoglobin. 

Haptoglobin (HP) belongs to alpha-2-globulins synthesized by liver cells. It combines with 

extracellular hemoglobin (Hb), which enables its transport and prevents its decomposition. This 

complex reaches the cells of the reticuloendothelial system, where haptoglobin is broken down 

after being released [2]. Hp mainly functions to remove toxic free oxygen to prevent the 

formation of free radicals and their subsequent tissue damage. Hp binds to free Hb with high 

affinity and is then taken up by macrophages and monocytes via the CD163 receptor [4]. Human 

haptoglobin occurs in two allelic forms, resulting in the existence of three main genotypes such 

as Hp1-1, Hp2-1 and Hp2-2. They differ in terms of binding strength, degree of oxygenation or 

hemoglobin binding capacity [4]. Despite the fact that haptoglobin is produced mainly in liver 

hepatocytes, there are studies that have shown the presence of this protein also in the lungs, and 

mRNA in the thymus, spleen, lungs, kidneys and heart [5,6]. The determination of this alpha-

2-globulin is carried out using methods 

immunohistochemistry and its reference values are 70-150 mg/dl. Low haptoglobin values are 

used in the diagnosis of hemolytic anemias [2,7] or diseases of the liver in which it is produced 

[2]. Values higher than the norm are detected in cases of infections and inflammations, because 

haptoglobin is also an acute phase protein [8]. 

 

III. Haptoglobin determination methods 

Haptoglobin testing methods, such as spectrophotometry, immunoreactive methods and gel 

electrophoresis, are important tools in clinical diagnosis. The above-mentioned techniques 

enable accurate determination of haptoglobin levels, which may be crucial in monitoring 

disease states and assessing the risk of complications.  

The measurement of haptoglobin is based on the altered physical properties associated with 

hemoglobin compared to circulating as a free protein. The hemoglobin peroxidase activity in 

the hemoglobin-haptoglobin complex can be determined in solution, after gel filtration, 

spectrophotometry or after gel electrophoresis.  
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The three main methods used to measure haptoglobin are spectrophotometry, immunoreactive 

methods, and gel electrophoresis. However, the interpretation of the results requires taking into 

account various factors that may affect the accuracy of the measurements, such as substance 

interference or phenotypic differences [9]. 

 

Immunoreactive methods 

Radial immunodiffusion (Mancini method) is a quantitative test based on simple gel 

immunodiffusion. Specific antibodies directed against a specific class of immunoglobulins are 

dissolved in the agar gel at a constant, known concentration. Bane sera are then placed in holes 

cut in this gel. During simple diffusion in a humid chamber, all soluble antigens from the test 

serum will diffuse from the wells, and immunoglobulins of the tested class will be bound by 

the antibodies present in the gel. Immune complexes precipitate around the wells in which the 

test sera were placed, visible in the form of precipitation circles. The resulting circles are used 

to read the quantitative content of antigen in the serum. The larger the diameter of the circle, 

the greater the content of the antigen being determined [10]. Haptoglobin along with antibodies 

is suspended in an agarose gel. The mixture of haptoglobin with antibodies causes precipitation 

of a product that can be measured by radial immunodiffusion. The hemoglobin-antibody 

complexes form circles, which are used to calculate the haptoglobin concentration using a 

standard curve. Haptoglobin phenotypes may differ in size. It has been reported that this 

difference in particle size can interfere with the results of a radial radiodiffusion test due to their 

different diffusion rates. If the haptoglobin phenotype is known, measurement corrections can 

be made [9]. 

The mechanism of action of immunoturbidimetric and immunonephelometric methods is also 

based on the phenomenon of precipitation of haptoglobin-hemoglobin-antibody complexes. 

This phenomenon leads to greater scattering of the light beam than in the case of a solution 

without complexes. Due to the fact that the intensity of scattered light is directly related to the 

concentration of scattering particles, it is possible to use these methods to determine the 

concentration of haptoglobin in the sample [9,11,12] 

In the immunonephelometric method, the intensity of scattered light is measured through the 

tested solution, with the detector located at an angle of 90° to the light beam. In the ITA 

immunoturbidimetric technique (direct latex agglutination technique). After adding the tested 

protein to a suspension of latex particles coated with a specific antibody, the latex particles stick 

together and their turbidity increases (nephelometric or turbidimetric measurement). Then, the 

light intensity is measured through the tested solution, with the detector placed in front of the 

light beam. 

Proper sample dilution is important. A sample with too high a density may result in falsely low 

results due to the formation of excess complexes, which in turn hinders the free passage of the 

light beam. The results are read based on a previously developed calibration curve [9,12]. 

 

Spectrophotometry 

Spectrophotometry is an instrumental technique that uses for analytical purposes energy 

transitions occurring in molecules caused by the absorption of electromagnetic radiation in the 

ultraviolet (UV, 200-380 nm), visible (VIS, 380-780 nm) or near infrared (0.78 -30000 um). 

UV and Vis spectrophotometry is mainly used in inorganic analysis.  
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The UV-Vis spectrophotometry method can be used to determine organic and inorganic 

substances that absorb ultraviolet radiation, compounds that absorb radiation in the visible 

range, including colored organic compounds (dyes) and colored metal salts, as well as 

substances whose forms that absorb radiation are obtained through chemical reactions. 

Complexation reactions are most often used for these purposes. Many procedures have been 

developed for the determination of metal cations in the form of colored complexes with organic 

ligands [9, 14]. The principle of spectrophotometry is based on the Beer-Lambert law, which 

states that “the concentration of a light-absorbing substance in a sample is a logarithmic 

function the amount of light absorbed by this sample” [9,15]. 

Spectrophotometry can also be used to identify hemoglobin-haptoglobin complexes. Light 

absorption is measured in sodium bisulfite-reduced serum using light wavelengths of 432 and 

408 nm. Analysis of differences in light absorption can be used to identify the presence of both 

hemoglobin-haptoglobin complexes, free hemoglobin and haptoglobin. This allows for the 

determination of the concentration of hemoglobin-haptoglobin complexes. This method has 

some limitations due to the possibility of interference with substances such as bilirubin and 

chylomicrons in the analyzed samples [9]. 

 

Gel electrophoresis 

Gel electrophoresis is a commonly used method for the separation of proteins and nucleic acids. 

Both nucleic acids and proteins can be differentiated in an electric field due to their molecular 

mass, spatial structure and molecular charge. During electrophoresis, electromotive force is 

used to move molecules through the pores of the gel, leading to their separation. The most 

commonly used materials for the production of this matrix are polyacrylamides or agaroses 

[16]. Gel electrophoresis using agar gel allows the separation of free hemoglobin, haptoglobin-

hemoglobin complexes and other complexes and molecules. Molecules containing heme are 

visualized using a heme-specific dye (o-Toliden, hydrogen peroxide). Measuring the level of 

haptoglobin using gel electrophoresis is often semi-quantitative, i.e. it only informs about the 

presence or absence of the tested substance. This method is not widely available. Due to the 

manual process and interpretation of results, there is a greater risk of errors than in the case of 

automatic measurements [9]. 

 

IV. Haptoglobin as a marker in the diagnosis of liver diseases 

As already presented above, haptoglobin occurs in various allelic forms. Specific phenotypes 

are associated with a specific disease entity and have various functions. The Hp1-1 phenotype 

is associated with increased susceptibility of the body to infectious diseases, including parasitic 

diseases, including: Schistosoma infections [17,18]. However, the Hp2-2 phenotype is mainly 

associated with metabolic diseases and their consequences. It was shown that a given phenotype 

occurred more often in people with non-alcoholic fatty liver disease [19].  

The Hp2-2 phenotype may predict the severity of HBV hepatitis. It has been proven that among 

people with this phenotype in the case of hepatitis B virus, the increase in Hp was accompanied 

by increased levels of alanine transaminase (ALT), C-glutamyl transferase (GGT), aspartate 

aminotransferase (AST) and a high degree of liver fibrosis [20] Fucosylated haptoglobin (Fuc-

Hpt) deserves attention, among others. It is applicable to patients with non-alcoholic fatty liver 

disease (NAFDL) and non-alcoholic steatohepatitis (NASH).  
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Typical symptoms of NASH include ballooning hepatocytes and an increase in fucosylated 

glycoproteins in blood serum. The level of Fuc-Hpt was significantly higher in patients with 

NAFDL and Nash. Additionally, it was proven that the level of Fuc-Hpt showed a gradual 

increase proportional to the increase in hepatocyte ballooning results. NASH is a disease that 

can lead to serious complications such as liver cirrhosis and hepatocellular carcinoma. By 

testing the concentration of Fuc-Hpt in blood serum, we are able to distinguish between patients 

with fatty liver disease and steatohepatitis, which facilitates further management [21]. 

Colorectal cancer (CRC) is the second most common malignant tumor in women and the third 

most common in men. In Poland and in the world, this disease is in second place when it comes 

to the cause of death due to malignant tumors. The most common site of CRC metastasis is the 

liver. Early detection of their presence is very important in order to undertake appropriate 

medical procedures aimed at extending and improving the quality of the patient's life [2]. A 

correlation was demonstrated between serum Hp concentration and the presence of liver 

metastases in patients with CRC. Patients suffering from CRC and diagnosed with liver 

metastases showed significantly higher levels of Hp in the serum compared to patients with 

CRC without metastases [22]. 

Colorectal cancer is not the only cancer in which Hp can be used in the diagnosis. It has been 

shown that bifucosylated tetraantennary glycan of haptoglobin occurs in people suffering from 

hepatocellular carcinoma. The presence of this glycan is associated with the presence of HCC 

in patients with chronic liver disease regardless of the presence of cirrhosis. Combining the 

examination of this form of haptoglobin with other HCC biomarkers, such as AFP, may 

contribute to increasing the effectiveness of detecting cancer foci, which will translate into 

extending and improving the quality of life of patients. [23]. 

Some forms of haptoglobin can also be used to diagnose childhood cancers such as 

hepatoblastoma. In this case, two forms of Hp were compared. Pre-Hp which is the unprocessed 

form and mature Hp. Patients with hepatoblastoma had highly higher concentrations of Pre-Hp 

compared to mature Hp in serum [24]. 

Haptoglobin can exist in its numerous glycated forms. The A3G3F2 glycopeptide is divided 

into the glycans A3G1F2, which predominates in patients with HCC, and A3G2F2, which 

predominates in patients with liver cirrhosis. This has important diagnostic and prognostic 

significance for patients [25]. 

Fucosylated haptoglobin (Fuc-Hpt) is also used in assessing the degree of liver fibrosis in HCV 

infection. Both Fuc-Hpt and Mac-2 binding protein were used for this purpose. Levels of these 

two molecules increase with the severity of liver fibrosis. Fuc-Hpt and Mac-2 values were 

significantly high when HCC was detected in a patient with HCV. This is another example of 

possible diagnosis of a life-threatening disease using haptoglobin [26]. 

 

V. Prospects for future research 

So far, haptoglobin has been known mainly as an object of interest for hematologists, but 

numerous studies have also shown different functions of this protein. There is a need to develop 

and validate quick and simple tests that can be used in everyday clinical practice so that the 

determination of haptoglobin levels can bring measurable benefits. 

As a marker of liver diseases, the measurement of haptoglobin is useful in diseases such as 

drug-induced liver injury or liver fibrosis, also in the pediatric population[27].  
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The genotyping of haptoglobin in individual patients also turned out to be a breakthrough, 

which allows predicting various paths of potential liver damage, including cancer. The 

haptoglobin phenotype turns out to be as individual a feature as the blood group and the Rh 

factor[28]. Moreover, there is also a wide range of possibilities for haptoglobin determinations 

- not only pre-haptoglobin, but also proteoforms of haptoglobin alpha and beta chains can be 

used as biomarkers. 

Nowadays, when the percentage of obese and overweight patients is increasing, the number of 

patients with non-alcoholic steatohepatitis (NASH) is also increasing. Since there have been 

reports of the successful use of haptoglobin as a biomarker of NASH in patients with various 

stages of liver damage[29], it is definitely an object that requires new research in this direction 

and perhaps, in the future, its inclusion in clinical practice. Also in the case of diagnostic 

difficulties between metabolic liver damage and hepatocellular carcinoma, it was possible to 

distinguish these two diseases using the discussed haptoglobin as a biomarker [29], which may 

be a report that will significantly improve future clinical practice and shorten the diagnostic 

path, which is extremely important for oncological patients. 

 

VI. Summary 

The above work focuses primarily on the values of haptoglobin in the perspective of the latest 

research as a potential diagnostic tool. We discussed not only the biological basis of this 

protein's action, but also various methods of its determination, allowing for its precise 

monitoring in the human body. 

It seems that there is great potential to use this protein as a biomarker in the diagnosis of liver 

diseases, especially in the case of NASH, in a world where overweight and obesity are a serious 

health problem, new and effective diagnostic tools are crucial. The prospect of haptoglobin 

genotyping seems to be particularly promising because it may enable a better understanding of 

individual differences in the body's reactions to liver damage and predisposition to particular 

liver diseases. 

Further research on haptoglobin appears to be crucial to improving the diagnosis and treatment 

of liver diseases, which could significantly impact the quality of health care for patients affected 

by these diseases. 
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