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 Biotinidase, as a Convenient Diagnostic and Prognostic Marker for Breast 
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  According to the definition by the National Institutes of Health of USA, a biological marker (biomarker) is a characteristic that is objectively 
measured and evaluated, as an indicator of normal biological processes, pathogenic processes or pharmacological responses, to a 
therapeutic agent. Several studies have reported that a decreased regulating gene expression of biotinidase (BTD) is associated with breast 
cancer. On the basis of these evidences, we hypothesize that in the serum of breast cancer patients, with different pathological grades, 
reductions in serum BTD enzyme activities, there are significant differences. The use of this marker, as a diagnostic and prognostic marker 
for breast cancer, is a promising perspective for the clinical field.  
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 1. Background 

 1.1. Tumor Marker 

More than 30% of people will develop some form of 

cancer during their lifetime. It is estimated that almost 

1.5 million new cases will be diagnosed in USA in 2009 

and approximately 600000 of them are expected to die 

from cancer (1). Four out of 200 forms of cancer (lung, 

prostate, colon and breast) account for about half of all 

deaths among cancer patients, men or women (1). De-

tection of cancer, when it is still localized, and adminis-

tration of early treatment usually lead to better clinical 

outcomes (2). One goal of medical screening is to detect 

human malignancy via a simple blood test. According 

to the definition by the National Institutes of Health of 

USA, a biological marker (biomarker) is a characteristic 

that is objectively measured and evaluated, as an indica-

tor of normal biological processes, pathogenic processes 

or pharmacological responses to a therapeutic agent. 

Research during the last 50 years resulted in the iden-

tification of clinically useful cancer biomarkers, such 

as carcinoembryonic antigen (CEA), alpha-fetoprotein 

(AFP), prostate-specific antigen (PSA), cancer antigen 

125 (CA 125), CA 15-3 and CA 19-9. However, most of these 

biomarkers lack the necessary specificity and sensitivity 

for screening purposes (3). Currently, there is a need for 

discovery of diagnostic methods, with improved per-

formance. Over the past decade, with the completion 

of the Human Genome Project and the introduction of 

technologies that enable simultaneous examination 

of thousands of proteins and genes (such as mass spec-

trometry and protein and DNA arrays), renewed interest, 

of the proteomics and genomics community, emerged 

to advance the discovery of novel cancer biomarkers. 

Extensive proteomic analysis of a variety of different 

sample types has been conducted to dig deeper into the 

cancer cell proteome and reveal promising biomarkers. 

As mentioned earlier, blood is considered the sample of 

choice for medical screening or diagnosis. The advantag-

es of such simple and relatively noninvasive blood-based 

tests are obvious. However, biomarker discovery using 

plasma or serum is challenging (4, 5). Given the limita-

tions of blood-based biomarker discovery, alternative ap-

proaches have been pursued, including proteomic analy-

sis of proximal body fluids, cancer tissues and cancer cell 

lines, to reveal tumor markers in these samples. Breast 

cancer is one of the most common cancers in women, 

worldwide (6). Although early detection and treatment 

of breast cancer in patients showed good prognosis, cur-

rent diagnostic techniques, such as mammography, mag-

netic resonance imaging (MRI) and positron emission to-

mography (PET) are not sufficient to detect early stages 

of breast cancer, efficiently (7). Finding a series of rel-

evant biological markers for early cancer detection and 

diagnosis, and monitoring the therapeutic response can 

definitely improve our ability to manage breast cancer (8-

10). An emerging issue of proteomics is to discover novel 

biological markers that can be applied to early detection, 

disease diagnosis and prediction of response to therapy 

(11). Proteomics has advanced direct profiling of differen-

tially expressed proteins between diseased and control 
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samples, or at various stages of diseases, under particular 

environments (12), and therefore has become a key tech-

nology in the biomarker development pipeline. The bio-

marker pipeline can be divided into four phases: discov-

ery, qualification, verification and validation phases (13). 

The discovery phase is an unbiased and semi-quantitative 

process, usually comprising simple binary comparisons 

between diseased and normal state. Tissues, body fluids, 

or even model cell lines are being utilized as proteome 

sources. The “products” of the discovery phase are con-

firmed in the next qualification phase. Immunoassays 

with commercially available antibodies can be used. In 

the verification phase, the analysis is extended to a larger 

number of samples, now incorporating a broader range 

of cases and controls. Although any proteome source 

can be used in the discovery phase, biomarkers that are 

detected and validated in specimens obtained by less 

invasive techniques, such as plasma or serum, are more 

desirable (13, 14). The blood serum or plasma contains an 

enormous complexity of biological components, which 

reflect spatiotemporal changes of diseased cells, tissues, 

or organs (15). Knowledge of any change in the contain-

ment of blood, caused by a specific disease, like cancer, 

will help us understand and develop detection and fur-

ther management of the disease. The objective of our 

study is to discover new breast cancer biomarkers, us-

ing blood plasma, as proteome sources. We previously 

analyzed breast cancer tissues (16) and secretome from a 

breast cancer cell line (17).

 1.2. Biotinidase 

Biotinidase (BTD) enzyme (EC 3.5.1.12) is an important 

enzyme in the metabolism of biotin, which is the valu-

able degradation product resulting from the catalysis of 

the biocytin (ɛ-N-biotinyl lysine) carboxylase, catalyzing 

(18, 19). The activity of BTD takes place in the liver, kidney, 

intestine and serum (20). Recently, a novel posttransla-

tional modification of histones has been identified: bio-

tinylation of lysine residues (21). The covalent binding of 

biotin to histones is mediated by BTD and holocarbox-

ylase synthetase (HCS) (22, 23). Biotinidase uses biocytin 

(biotinyl-ɛ- lysine), as a substrate for biotinylation of his-

tones (22), whereas HCS uses biotin and ATP (23). The fol-

lowing biotinylation sites have been identified in human 

histones: K4, K9, and K18, in histone H3 (24), and K8 and 

K12, in histone H4 (25). Biotinylation of histones plays a 

role in the regulation of gene expression, cell prolifera-

tion (21, 22), and the cellular response to DNA damage (26, 

27). A study of Kang et al. in 2010, reported that decreased 

regulating gene expression of BTD is strongly associated 

with breast cancer (28).

 2. Hypothesis 
As mentioned above, the biotinilation of histones based 

on BTD action can regulate gene expression. On the other 

hand, Kang et al. revealed by techniques of proteomics re-

search that the BTD gene expression is reduced in breast 

cancer (28). The enzyme activity in serum of breast can-

cer patients is low, Also, the same study concluded that 

BTD serum levels, in grades 1, 2, 3 and 4 breast cancer, are 

reduced, except the zero grade (28). Therefore, it can be 

hypothesized that BTD reductions in grades 1, 2, 3 and 

4 is also different, making BTD determination in the se-

rum a non-invasive marker, that can be correlated with 

pathological changes in a tissue sample. Consequently, a 

BTD tumor diagnosis can be obtained with just a simple 

blood sampling and measurement of these serum en-

zyme activities in patients with breast cancer. Also, the ef-

fects of different treatment protocols can be assessed, by 

determining the enzymatic activity, in the evaluation of 

tumor prognosis. In order to accept or reject this theory, 

its impact on patient acceptance, as a non-invasive cancer 

staging and monitoring technique, should be taken into 

consideration. Also, this idea should be perpetuated for 

its important role and implications for future use.

 3. Consequences of the Hypothesis and 
Conclusion 

In summary, according to the theory mentioned above, 

we would use the awareness of the changes in serum en-

zyme activities in patients compared to healthy subjects 

BTD grads, and between different tumors and different 

enzyme levels, in patients. This enzyme can effortlessly 

be used, as a convenient tumoral biomarker, for the diag-

nosis and prognosis of breast cancer.
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