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Lactate Dehydrogenase (LDH) is a key enzyme in the anaerobic metabolic process. 
It belongs to the oxidoreductase family. In biological systems, LDH is a carbohydrate 
metabolism enzyme that catalyses the interconversion of lactate and pyruvate with the 
NAD+/NADH coenzyme system. It’s a cytoplasmic enzyme found in almost all tissues, 
but especially in muscle, liver, and kidney, as well as in moderate amounts in red blood 
cells. However, under pathological circumstances, such as cancer, the level of LDH in 
the blood rises, making it a possible cancer biomarker. Recently, blood LDH levels were 
shown to be routinely elevated in cancer patients and linked to poor clinical outcome 
and medication resistance. Therefore, LDH determination became a routine supportive 
tool in diagnosing tumours or monitoring the effects of cancer treatment. In this review 
paper, we have summarized an overview of about LDH enzyme, its catalytic property, 
functions, pathophysiology and its role as a cancer biomarker.

Abbreviations: AMI: Acute Myocardial Infarction; CNS: Central Nervous System; 
LDH: Lactate Dehydrogenase; BC: Breast Cancer; ML-LDH: Mitochondrial LDH; NAD: 
Nicotinamide Adenine Dinucleotide; NADH: Nicotinamide Adenine Dinucleotide 
Hydrogen; NADP: Nicotinamide Adenine Dinucleotide Phosphate; Pi: Inorganic 
phosphate

Introduction 

Oxidation-reduction reactions are essential to growth and 
survival of organisms, as the oxidation of organic molecules 
produces energy. The creation of essential energy molecules, 
such as ATP in glycolysis, can be accelerated by energy-producing 
reactions. As a result, dehydrogenases play an important part 
in metabolism. In normal circumstances, a particular amount of 
dehydrogenase enzyme is synthesized in each cell, but in disease 
situations, the amount of dehydrogenase increases and occasionally 
leaks out of the cells into the extracellular environment. In many 
biological systems, LDH is a carbohydrate metabolism enzyme that 
catalyses the interconversion of lactate and pyruvate in muscle 
tissue and in liver with the NAD+/NADH coenzyme system in 
anaerobic condition that allows the body to adapt to hypoxia and/ 

 
or intense exercise shown in Figure 1 [1]. The enzyme is present in 
a variety of organisms, including plants and animals (Robert Klein 
et al.). It can be found in all tissues and plays an important role 
in gluconeogenesis and DNA metabolism. According to a species-
wide analysis, LDH has a well-preserved structure with only a few 
changes in amino acid sequence across species. LDH is a cytoplasmic 
enzyme found in almost all tissues, but especially in muscle, liver, 
and kidney, where it is abundant. This enzyme is also found in red 
blood cells in small concentrations [2]. The enzyme LDH catalysis 
the conversion of pyruvate to lactate and kept them in near-
equilibrium. In both glycolysis and oxidative metabolism, LDH has a 
higher activity than any of the other enzymes [3]. As a result, lactate 
is generated constantly and absorbed nearly quickly. Because of its 
large glycogen storage, capacity to traverse concentration gradients 
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without requiring energy input, and fast conversion to pyruvate 
once within a cell, it is an excellent fuel source for most tissues of 
the body, including the Central Nervous System (CNS). The heart, 
liver, skeletal muscle, kidney, and erythrocytes have high amounts 

of LDH activity, while the lung, smooth muscle, and brain have 
lower levels. Because of its wide effects in numerous physiological 
tissues, LDH is elevated in a variety of disorders. An increase in LDH 
activity can be caused by a number of reasons.

Figure 1: Lactate dehydrogenase activity in liver and muscle tissue.

LDH Structure and Its Isoform

LDH is a homo/hetero tetramer made up of four LDHA or 
LDHB subunits that combine to generate five different isozymes 
(LDH-1 to LDH-5) with tissue-specific distributions [4]. This 
isoform commonly found in- LDH-1 in cardiomyocytes, LDH-2 
in reticuloendothelial system, LDH-3 in pneumocytes, LDH-4 in 
kidneys and pancreas, and LDH-5 in liver and striated muscle. 
Lactate is generated and released by cells via monocarboxylate 
transporter proteins. The LDHA homo tetramer, also known as 
the “muscle-type” LDH or LDH5, prefers to convert pyruvate to 
lactate and NAD+, and is the most abundant isozyme in muscle. 
In the heart, isozyme LDHB (homo tetramer) is commonly known 
as “heart-type” LDH or LDH1, converts lactate mostly to pyruvate 
and NADH and is the most abundant isozyme in the heart [5]. LDH 
is expressed in most tissues, including malignancies, in balanced, 
hetero tetrameric forms (LDH2, LDH3, and LDH4), as well as 
combinations of multiple isozymes. Although LDH is mostly a 
cytoplasmic enzyme, researches have shown that it can also be 
found in mitochondria. mL-LDH convert L-lactate to pyruvate in the 
mitochondrial matrix. Several investigations have found that the 
absence of an LDH isozyme prevents mitochondria from oxidising 
lactate [6]. 

LDH Mechanism Catalytic Activity 

The activation of LDH enzyme takes place in a certain order. 
Prior to the binding of a substrate to LDH, the formation of the 

LDH/NADH binary complex, in which His 195 and Asp 168 residues 
appear to play a significant role, is required. It is followed by 
conformational changes in which the mobile hinged loop, which is 
formed by a group of surface amino acid residues (98-110) with 
Arg 109 hydrogen bonded to the substrate’s carbonyl, closes over 
through the substrate binding pocket, which is made up of residues 
163–247 and 267-331, allowing cofactor-substrate interactions 
and facilitating on-enzyme catalysis [7]. The metabolic transition 
from aerobic to anaerobic respiration controls LDH activity. LDH 
is regulated by three types of regulators: allosteric modulation, 
substrate-level regulation and transcriptional regulation. The 
relative availability and concentration of substrates influence 
LDH activity. The enzyme becomes more active as the number of 
substrates grows during vigorous muscular activation. ADP, AMP, 
and Pi build when the demand for ATP exceeds the supply of 
aerobic ATP. The physiologic capability of pyruvate dehydrogenase 
and other pyruvate-metabolizing shuttle enzymes is exceeded 
when pyruvate is generated by glycolytic flux. In this mechanism, 
pyruvate and NAD+ are channelled through LDH, resulting in 
lactate and NADH [8].

Functions

The generation of ATP via oxidative phosphorylation is impaired 
when cells are subjected to anaerobic or hypoxic environments. 
This procedure necessitates the use of alternative metabolism by 
cells to generate energy. As a result, LDH is upregulated in such 
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circumstances to meet the demand for energy production. Lactate 
created during anaerobic glucose conversion, on the other hand, 
reaches a metabolic dead end. It cannot be further processed in 
any tissue other than the liver. Lactate is thus released into the 
bloodstream and delivered to the liver, where LDH completes the 
Cori cycle by converting lactate to pyruvate. However, the muscles 
run out of oxygen, LDH catalyses the conversion of pyruvate to 
lactate. Pyruvate is not further processed in erythrocytes due to 
the lack of mitochondria and instead remains in the cytoplasm, 
eventually converting to lactate. NADH is oxidised to NAD+ in 
this process. The preparation phase of glycolysis necessitates the 
presence of high intracellular concentrations of NAD. Compared to 
oxidative phosphorylation, which produces 36 ATPs per glucose 
molecule, anaerobic glycolysis produces only 2 ATP per glucose 
molecule. The dehydrogenation of 2-hydroxybutyrate can also be 
catalysed by LDH, but it is a less favoured substrate for LDH than 
lactate [2,9].

During hyperlactatemia and physical exertion lactate 
absorption occur which is responsible for 60% of brain metabolism. 
When compared to normal cells, the function of LDH, specifically 
LDHA, is altered in cancer cells. Even in the presence of oxygen, 
cancer cells use LDH to boost their aerobic metabolism (glycolysis, 
ATP synthesis, and lactate production). The Warburg effect is the 
name given to this phenomenon [10]. By avoiding the formation 
of oxidative stress by the Electron Transport Chain (ETC), 
aberrant cancer cells profit from switching to anaerobic metabolic 
state. Furthermore, cancer cells have access to the metabolic 
intermediates of the tricarboxylic acid cycle (TCA cycle), which are 
produced by glucose and pyruvate, in order to synthesis lipids and 
nucleic acid for rapid cell multiplication.

Pathophysiology Associated with LDH

LDH measurement is important in clinical practise because 
serum LDH isozyme concentrations reflect tissue-specific disease 
states. As a result of its isozyme form and widespread prevalence, 
LDH can be employed as a marker for a variety of tissue damage. 
When cells are damaged, they release LDH into the bloodstream. 
The enzyme can stay high in the bloodstream for up to 7 days 
depending on the type of tissue injury. The increased LDH in serum 
as a result of organ destruction is caused by substantial cell death 
and cytoplasm loss [2]. Acute Myocardial Infarction (AMI), anaemia, 
hepatitis, and renal failure are among diseases that can damage 
tissue. LDH is a useful marker for determining the severity of an 
illness, assessing prognosis or therapy response, and evaluating 
body fluids other than blood. A decrease in LDH levels throughout 
treatment indicates a better prognosis and/or outstanding response 
to treatment in situations such as AMI or liver injury. From the 
second to the fourth day after an acute myocardial infarction, the 
LDH-1 isozyme stays elevated. In cases of liver injury, LDH-5 levels 

are elevated. A significant increase in LDH-5 above LDH-4 is seen in 
hepatocellular injuries such as hepatitis or cirrhosis [2]. LDH levels 
rise in serious bodily fluids including pericardial and peritoneal 
fluids after effusion. As a result, it is used to describe effusion. 
LDH levels in the cerebrospinal fluid rise in bacterial meningitis, 
but remain normal in viral meningitis. The ratio of fluid LDH to 
the upper limit of normal serum LDH (>0.6) shows that there is an 
inflammatory process going on, and thus exudate.

During cerebral bleeding, LDH levels rise dramatically. In 
central nervous system lymphoma, leukaemia, and metastatic 
carcinoma, there is a more than 40 U/L increase above normal 
values. Increased levels of more than one isoenzyme could indicate 
multiple causes of tissue injury, such as in cases where pneumonia 
is also linked to a heart attack. The presence of high amounts of 
LDH appears to be linked to severe illness or multiple organ failure. 
The only serum biomarker that can be used to assess metastatic 
melanomas is LDH. Because the growth of tumour cells requires 
more oxygen than the supply, hypoxia is typical in malignancy. To 
meet the demand for rapid cellular expansion, developing tumours 
use LDH-mediated energy production. As a result, LDH is a well-
established indicator of metastases, particularly in the liver. It’s also 
a critical single prognostic marker, as patients with high LDH have 
a lower chance of surviving. LDH levels can also be used to predict 
the occurrence of metastasis in melanoma. In tumours, LDH has a 
strong relationship with tyrosine kinase expression [11,12]. The 
metabolic switch (Warburg effect) from oxidative phosphorylation 
to greater anaerobic glycolysis occurs in most aggressive tumours. 
Upregulation of the LDH-5 (also known as LDH-A) isoform, which 
is generally found in muscles and the liver, causes this transition. As 
a result, inhibiting LDH-5 can target the site of tumour growth and 
invasiveness directly [13]. 

LDH is one such biomarker of relevance, particularly as elevated 
LDH levels have previously been linked to poorer outcomes in 
patients with other viral infections. Early evidence in COVID-19 
patients suggests that there are significant disparities in LDH levels 
between patients with severe illness and those who do not [14]. In 
a study by Erika Poggiali et al. (2020) they were observed that, in 
CoVID-19 individuals, LDH and CRP may be linked to respiratory 
function (PaO2/FiO2) and may be a prediction of respiratory 
failure. To avoid a bad prognosis, LDH and CRP should be regarded 
a valuable test for identifying individuals who require closer 
respiratory monitoring and more aggressive supportive therapy 
early on [15]. Yi Han et al. study also found that LDH can be used as a 
powerful predictor of lung injury in severe COVID-19 patients [16]. 
The effects of cell growth inhibition and/or cell death have been 
studied extensively in biological study. Two of the most often used 
approaches for this purpose are LDH-based cytotoxicity tests [17]. 
When the plasma membrane is disrupted, LDH is rapidly released 
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into the cell culture supernatant, which is a fundamental aspect 
of cells suffering apoptosis, necrosis, and other forms of cellular 
destruction. It could be a potent biomarker for cell viability and 
cell number in vitro [18,19]. The quantification of LDH release is 

a commonly used technique for determining cell viability and late-
stage apoptosis [20]. In the presence of certain bacterial species, 
bacterial interference with LDH activity led to an underestimate of 
cytotoxicity, according to a study (Table 1) [21].

Table 1: LDH and pathological conditions in human and higher mammals.

S. No Disease/ Condition Model LDH isoform Characteristics References

1 Respiratory Diseases Animal LDH3 isoenzyme found elevated in the plasma when 
pulmonary embolism occurred [22]

2 Mastitis Cow LDH4 and LDH5
inflamed tissues and leukocytes from 

mastitic milk showed a higher proportion of 
LDH4 and LDH5

[23]

3 Liver Bovine LDH1, LDH2, and 
LDH3 liver damage [24]

4 Muscle Diseases Bovine LDH4 and LDH5 skeletal muscular and hepatic lesions [24]

5 Lung damage or 
inflammation Human LDH lung and pulmonary endothelial cell injury [25]

6 Coronary artery 
disease Human LDH-1 and LDH-2 higher total serum LDH levels in CVD 

patients [26]

7

Acute coronary 
syndrome/ acute 

myocardial infarction 
(AMI)

Human LDH-1 increase in blood 5-10 hours after AMI [27]

8 COVID-19 Human LDH a prognostic biomarker in COVID-19 
patients [28]

9 Myocardial infarction Human LDH An LDH1/LDH2 ratio >1 is testified to be 
specific for AMI [29]

10 Acute myocardial 
infarction Human LDH Diagnostic and prognostic biomarker of 

AMI [30]

11 COVID-19 Human LDH
Elevated LDH levels associated with severe 
disease and a ~16-fold increase in odds of 

mortality in patients with COVID-19
[14]

12 COVID-19 Human LDH LDH as a biomarker to measure severity of 
COVID-19 infection [31]

LDH as a Diagnostic and Prognostic Marker for Cancer

Due to its widespread presence in cells, isoenzymatic tissue 
specificity, and changes in the expression of individual subunits 
of this enzyme, which are linked to changes in tissue metabolic 
function, LDH has become a significant diagnostic parameter in 
myocardial infarction, liver diseases with hepatic cell damage 
such as acute liver failure (ALF), hemolytic anaemia, and other 
pathological conditions. LDH, on the other hand, is now known to 
be a non-specific cancer diagnostic indication, according to more 
recent study. Although LDH activity in urine has been recommended 
as a marker for bladder and kidney neoplasms, it has also been 
found to be elevated in cases of upper urinary tract infections. When 
attempting to distinguish benign and malignant tumours based 
on total LDH activity, similar issues exist. In situations of blood 
or breast cancer, however, total LDH activity should be measured 
as a predictive factor. Total LDH activity appears to be a valuable 
marker in making therapeutic management options for testicular 

cancer patients [8]. Most human cancer tissues show alterations in 
the ratio of lactate dehydrogenase isotypes, which tend to enhance 
the expression of forms with a majority of the A subunit, in addition 
to increased overall LDH activity. Many cancers, including those of 
the thyroid, colon, uterus, and ovaries, stomach, kidneys, central 
nervous system, and lungs, have shown significant alterations in 
favour of LDH-A isoenzymes. Significant variations in the number 
of LDH-B isoforms are seen less commonly. LDH-B is overexpressed 
in lung and breast cancers, and it has been proposed as a potential 
therapeutic target [32].

In haematological malignancies such as leukaemia, serum 
LDH is frequently increased. Hodgkin’s Lymphoma (HL) and Non-
Lymphoma Hodgkin’s (NHL) are two types of Lymphoma (NHL). 
Surgical excision of the original tumour resulted in a substantial 
drop in serum LDH levels during the first week after surgery, 
according to Colgan et al. LDH levels can rise as a result of tumour 
spreading, suggesting that LDH could be used as a cancer diagnostic 
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sign. The lack of consistency between LDHA expression in cancer 
tissues and serum LDH levels could indicate that tumour LDHA 
expression and serum LDH levels are two separate predictors of 

cancers [33]. In the case of ovarian cancer, serum LDH may be a 
useful diagnostic for distinguishing between ovarian carcinoma 
and benign ovarian tumours (Table 2) [34-46].

Table 2: List of various research studies indicates LDH as a potent biomarker in various types of cancers.

S. No Type of cancer Characteristics Type of marker References

1 Hypopharyngeal cancer Elevated serum LDH before treatment Prognostic factor [35]

2 Urothelial Carcinoma High level of pretreatment serum LDH Prognostic factor [36]

3 Various cancers Increased serum LDH levels Diagnostic and Prognostic marker [8]

4 Solid and hematologic neoplasms Metabolic and an immune surveillance Prognostic biomarker [37]

5 Metastatic cancer
LDH level > 1000 IU/L predicted a 
terminal stage in metastatic cancer 

patients.
Prognostic factor [38]

6 Cancer Elevated level of LDH Prognostic marker [39]

7
Prostate, pulmonary, colorectal, 

gastro-oesophageal, gynaecological 
and haematological cancers

Increased level of LDH correlates with 
an increased risk of death Diagnostic marker [40]

8 Oral squamous cell Carcinoma Increased levels of LDH in serum were 
observed Diagnostic marker [41]

9 Various cancers Elevated level of LDHA Diagnosis [42]

10 Breast cancer Survival in patients Prognostic marker [43]

11 Ewing’s Sarcoma High serum LDH levels considerably 
higher in the metastatic patients Biomarker [44]

12 Ovary cancer Increased LDH levels Biomarker [45]

13 Ovarian Dysgerminoma Elevated serum LDH Diagnosis, prognosis, and surveillance [46]

Discussion
Anaerobic metabolism is the principal pathway used during 

high-intensity exercise to make ATP, and the enzyme activity of LDH 
is a necessary component for rapid creation of NAD+ from NADH in 
order to sustain energy production [47]. The LDHA homotetramer, 
commonly known as “muscle-type” LDH or LDH5, preferentially 
converts pyruvate to lactate and NAD+ and is the most abundant 
isozyme in muscle. LDHB homotetramer, commonly known as 
“heart-type” LDH or LDH1, reduces lactate to pyruvate and NADH 
and is the most abundant isozyme in the heart. Lactate is a vital 
oncometabolite that facilitates continuous glycolysis, serves as 
an energy fuel for oxidative metabolism, and serves as a valuable 
precursor for biosynthesis, according to recent research. LDH is 
well known biomarker for tissue injury, inflammation, haemolysis, 
myocardial infarction and cancer. Various research have also shown 
that LDH takes role in immunosuppression, and LDH can be regarded 
as an immune surveillance prognostic marker and its aberrant 
elevation was antecedent of negative outcomes in cancer patients. 
The prognostic relevance of pretreatment serum LDH in numerous 
malignancies is well established, such as lung cancer, breast cancer, 
gastric cancer, colorectal cancer, and also in others [35]. A research 
study has shown the importance of timing in LDH measurement 
in addition to the positive association between prediagnostic LDH 

and death after cancer diagnosis. Lactate dehydrogenase levels 
evaluated within 12 months of a cancer diagnosis were found to be 
strongly linked to general and cancer-specific death, showing that 
LDH and tumour growth or severity are linked [40]. Various studies 
have shown that LDH is a prognostic factor for various kinds of 
cancers (Table 2).

In conclusion, changes in LDH enzyme activity and/or LDH 
isoform composition are widely recognised as indicators of 
enhanced glycolysis in quickly developing tumour cells. However, 
these changes in LDH activity have a limited specificity and 
sensitivity, therefore there is need to develop a sensitive assay to 
detect LDH level with picogram sensitivity. A sensitive and specific 
detection of LDH have potential to be used as diagnostic biomarker 
for cancer detection.
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