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Abstract: The deficiency of selenium has been correlated with the accelerated development of prostrate cancer in transgenic mice whereas 
supplementary selenium has been found to reduce progression of lungs cancer in human.  This study aims at exploring any association or otherwise of 
the blood selenium level in cancer patient with the cancer occurrence and the investigation of the selenium as a biomarker for malignancy. The 368 
samples were collected including healthy and cancer patients. Results shows that the concentration levels of selenium in the blood of 16 to 70 years 
males and females both combined together weighted averages  for control group are 0.121± 0.03 µg per ml (n= 170). Besides for lungs and breast 
cancer patients fall in the range of 0.057 ± 0.017 µg per ml (n= 119) and 0.056± 0.018 µg per ml (n= 198) respectively. In cancer patients the selenium 
levels were significantly lower than in control with a P> 0.05 and critical value are > 0.009 and > 0.01 for lungs and breast cancer patients respectively.  
Studies also revealed that there is a sharp decline in the blood selenium level of the cancer patients irrespective of the gender, age, and type of cancer 
as compared to controls. 
 
Index Terms: Selenium, human blood, malignant neoplasm, trace elements, cancer, Thioredoxins (Trx), selenoprotiens, p53, chemopreventive. 
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1. INTRODUCTION  
Selenium is vital for mammalians and plays a critical role of 
fundamental importance to human health. It is present in 
body as an essential trace element and is involved in 
several metabolic pathways such as thyroid hormone 
metabolism, antioxidant protection system, immune system, 
cardiovascular diseases, inflammation and cancer related 
diseases. A number of epidemiological studies have been 
performed to determine serum selenium levels in cancer 
patients in different parts of the world. Selenium is 
incorporated in proteins through two vicinal cysteins to form 
a separate class of proteins called selenoproteins e.g. 
Thioredoxins Trx. Thioredoxin reductase TrxR, and 
glutathion per oxidase Gpx4. These proteins provide 
protection to the cell against reactive oxygen species (ROS) 
produced endogenously by xenobiotics, macrophages and 
neutrophiles etc, and act as a chemopreventive reagent 
against cancerous transformation of the cell. 
Polymorphonuclear leukocytes and macrophages secrete 
ROS including hydrogen peroxide which is a major source 
of inflammation to the adjacent cells and cause lesions in 
DNA. Blood cells contain Gpx4 which regulate the redox 
state of the cell proteins and indicate the presence of an 
effective antioxidant system which maintains redox balance 
in the cells.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The method employed here in this study does not have 
limitation for the determination of selenium in the whole 
blood or serum. The aim of this study was to explore that 
the blood selenium level in cancer patient has an 
association with the cancer occurrence and if so, can 
selenium be used as a biomarker for malignancy. Further 
more determination of selenium directly in the whole blood 
requires fewer steps which make it less prone to errors and 
at the same time more efficient for the routine tests. In 
addition smaller quantity of blood is required for such 
analysis. One of the trace elements selenium is considered 
to be an essential trace element with both oxidant and 
antioxidant properties [1, 2]. The diagnosis of cancer at 
early stage plays a pivotal role and becomes the key factor 
in devising a strategy for the treatment of the patients. 
Selenium is ubiquously present in every cell, incorporated 
in proteins through cysteine /s to form selenoproteins or 
selenocysteine proteins and the physiological effects of 
selenium mediated through these selenoproteins[3]. A 
group of 25 selenoproteins or selenocysteines including 
Trx, TrxR and Gpx4 have been characterized for their 
sequences and higher level structures which have been 
crystallized.  The deficiency of selenium affects the cells 
ability to synthesize selenoproteins, Trx act as a proton 
donor to peroxidases and ribonucleotide reductases with 
reversible oxidation of two cysteins to form a disulfide 
bridge, the active site with two vicinal cysteine residues 
(cys-gly-pro-cys) is conserved.  Supplemental selenium in 
the form of high selenium containing yeasts has been 
reported [4] to reduce lung cancer risk in humans. 
Interestingly, selenoproteins play a protective role against 
oxidative stress, inflammation and apoptosis and also take 
part in DNA repair, DNA demethylation by inhibiting cytosin-
DNA-methyle-transferase, in regulation of transcription 
factors, growth and fertility [3-6]. However, what triggers 
this role of selenoproteins from antiapoptosis to 
proapoptosis in cancer cells is a subject of great interest. 
The selenoprotein deficient mice have been shown to 
exhibit accelerated development of lesions associated with 
prostate cancer progression, suggesting that selenium 
prevents by modulating the level of these selenoproteins 
[5]. Significantly lower selenium levels have been detected 
[7, 8] in serum of the cancer patients as compared to the 
serum of healthy individuals. 
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2. EXPERIMENTAL DESIGN OF THE STUDY 
This is a short term randomized controlled study comprising 
determination of selenium concentration in the blood of 
control ( healthy), lungs and breast cancer patients, started 
on March 20, 1993 and continued until November 25th, 
2000, the day on which last sample was drawn for analysis. 
Altogether 368 healthy and cancer patients donated their 
blood. For this study, 5 ml each of 170 controls, lung cancer 
119 and breast cancer 79 cases were taken. The samples 
were divided in to two groups on the basis of gender and 
into three groups on the basis of age 16- 30 years, 31- 50 
years, and 51- 70 years. In cancer patients the samples 
were further divided into two groups depending upon the 
type of cancer; lungs or breast cancer. For statistical 
analysis the student ―t‖ test, ANOVA and extended tukey 
test were used where variables fulfilled parametric 
conditions and Kruskal Wallis test was used where these 
were non parametric.   
 

3. SELENIUM METABOLISM 
Inorganic selenium, sodium selenite Na2SeO3, is found in 
six stable isotopes having atomic weights ranging from 74 
to 82. The amount of selenium absorbed through 
gastrointestinal tract, the main site of absorption, depends 
upon the chemical form and the amount ingested. When 
selenium is absorbed it is first carried by plasma proteins. 
After wards selenium is released and bound by other 
selenium proteins namely alpha- 2 and beta-1 globins. 
When selinite form of selenium is used for ingestion, it is 
rapidly taken up by the cells (50-70%) and delivered to 
tissues, bones, hair and red blood cells. It has been 
reported that 60% of selenium in plasma is incorporated to 
selenoprotein P which contains 10 selenium atoms per 
molecule of selenoprotein [9-11]. In a recent report it has 
been suggested that selenium is stored preferentially in 
prostate as compared to seminal vesicle [12]. 
 

4. ELIGIBILITY FOR BLOOD DONOR 
Healthy blood donors were nonsmokers, non-addict, not 
suffering from any other illness. Therefore they were not on 
medications, between the age of 16-70 years and they did 
not have any family history of cancer incidences in two 
generations. The cancer patients were diagnosed positively 
for lung and breast cancer therefore, they were taking 
medicines on regular basis. Blood donors were informed 
accordingly about the purpose of the study and they all 
signed up a ―consent form‖ prepared in view of the rules 
and regulations delineated by the Ministry of Health 
Islamabad, Pakistan. In different geographical regions of 
the world there are different rates of occurrences of cancer, 
which may be attributed to the genetic factors, 
environmental pollutions, living conditions and presence of 
essential nutrients in the food. For this study, we selected 
three cities of Pakistan; Rawalpindi, Islamabad and Lahore, 
nevertheless, subjects of the neighboring regions were 
included for the collection of blood samples. These regions 
are known for agriculture produce for the whole country 
therefore analysis of blood selenium level of the people 
living in these regions in principle could represent the intake 
of essential minerals, vitamins and trace elements of the 
people residing in far remote areas of the country. The 
intake of selenium depends upon the concentration of 
selenium in agriculture produce of that region, therefore 

regional variation in the intake of selenium by the 
inhabitants of that area may be expected. A concomitant 
decline in Se status based on analysis of blood and serum 
has been reported, for UK population and may be at risk 
from an increased prevalence of certain health disorders 
[13-16].  Significantly low level of selenium was detected 
among the British wheat grain as compared to the US and 
Canadian wheat grain. It is a result of differences in the 
underlying geology and consequent higher Se 
concentrations in the North American soils [17].  
 

5. MATERIAL AND METHODS 
The blood samples of the healthy and cancerous patients 
were collected from a large group of individuals and these 
were analyzed for the determination of selenium 
concentration by using atomic absorption 
spectrophotometer model 932AB of GBC Scientific 
Equipment pity led, Australia coupled with hydride 
generator. The absorption was recorded at 196 nm with 
spectral bandwidth of 1.0 nm. The method described in [18, 
19] was used to determine selenium concentration in the 
whole blood and modifications were made accordingly. The 
5ml blood was drawn by using a plastic needle from the 
antecubital, vein of the left arm after overnight fasting of the 
subjects under the supervision of paramedic staff. The 
blood samples were stored in Venoject in the presence of 
anticoagulant. Approximately 0.5 ml blood was taken in 50 
ml flask fitted with more than 30cm long air condenser and 
3.0 ml triple distilled nitric acid of analar grade was added to 
the sample and then this mixture was heated for 30 min at 
80

o
C. The mixture was cooled, and 1.5 ml triple distilled 

concentrated perchloric acid of analar grade was added 
and was heating at 250

o
C till white fumes evolved. This 

mixture was cooled and transferred to 10ml measuring 
flask. Through out deionized water was used in the sample 
preparations. Same procedure was adopted for the 
digestion of standard reference material; A- 2- 1974, NBS 
bovine liver SRM- 1577 and orchard leaves SRM-1571. 
 

6. RESULTS AND DISCUSSION 
Standards selenium samples A- 2- 1974, NBS bovine liver 
SRM- 1577 and orchard leaves SRM-1571 were subjected 
to analysis for the determination of selenium concentration 
and to test the precision and sensitivity levels of the 
procedure. The selenium concentrations determined for 
these standard samples were 0.58 ± 0.071µg per ml for A- 
2- 1974, 1.13± 0.11µg per ml for SRM-1577 and 0.081± 
0.009µg per ml for SRM-1571 which was not significantly 
different P, 0.05, from expected values 0.59 ±0.09 µg per 
ml, 1.1 ±0.1ug per ml and 0.08 ±0.01µg per ml respectively, 
as shown in Table 1. 
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The results of blood selenium distribution in various age 
groups and gender for healthy individuals and cancer 
patients have been summarized in Table 2.  
 

 
 

The values of selenium concentrations in the blood of 
healthy individuals vary between the ranges from 0.105 ± 
0.034µg per ml (n= 25) to 0.149 ± 0.029 µg per ml (n= 30), 
as compared to the values of selenium level range 0.059 
±0.019 µg per ml (n= 20) to 0.063± 0.019 µg per ml (n=25) 
in cancer patients. The data shown in the Table 2 suggest 
that blood selenium concentrations in males are not 
different from selenium concentrations in females  P< 0.05, 
and this is true for healthy individuals as for as cancer 
patients. The difference of 0.005µg per ml (5ng/ml) in the 
values of blood selenium concentrations between males 
and females is P< 0.05 statistically insignificant and may be 
explained on the basis of lower concentration of red cells in 
females than in males (20). A comparison of ranges of 
selenium levels concentration along with weighed averages 
of these values of clinically healthy and cancer patients has 
been shown in Table 3.  
 

   
 
The data shown here suggest that the difference of blood 
selenium levels are statistically insignificantly in males and 
females 0.01<P<0.05 (n= 25). The weighed average 
concentrations of selenium both combined together for 
males and females are 0.121 ± 0.37 µg per ml, 0.057± 
0.017µg per ml and 0.056 ± 0.018 µg per ml for normal 
individuals, lungs and breast cancer patients respectively, 
Fig 1.  
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On the basis of results it may be suggested that the value 
of selenium concentration in the blood of cancer patients is 
approximately one half as compared to the value of 
selenium concentration in the blood of the healthy 
individuals. Overall in both control and cancer patients there 
is a slight increase in the blood selenium concentration with 
the increase in age but statistically these values were not 
significantly different from each other P < 0.05 as shown in 
Fig 2. 
 

 
 

This increase of 0.03 µg per ml in the value of blood 
selenium concentration of the age group 51- 70 years as 
compared to these values of the age group 16-30 years 
may be attributed to the changes in metabolism, life styles , 
eating habits after the age of 50 years of the healthy 
individuals. The difference in the values of blood selenium 
concentration of 0.007 µg per ml between 16-30 and 51- 70 
years old cancer patients as compared to the overall 
difference of 0.065 µg per ml in the values of the selenium 
concentration in healthy and cancer patients is statistically 
not significant P < 0.05 as shown in Fig 3.  
 

 
 
Therefore it may be suggested that age is not likely to affect 
the blood selenium level in control as well as in cancer 
patient. There are different reports [20- 23] in the literature 
about the age related studies as well as compared to other 
trace elements with selenium concentrations in the serum 
of healthy and cancer patients. The blood selenium 
concentration has similar values in the lungs and breast 
cancer patients as shown in Table 2. These values between 
the lungs and breast cancer group do not vary significantly 
with P< 0.05 and standard deviation index is shown in Fig 
1. Results of analysis of variance ANOVA are shown in 
Table 4, with critical value of F= 193.  
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The difference of selenium concentration was found 0.064 
µg per ml between control group and lungs and breast 
cancer patients with critical values > 0.009 and > 0.01 
respectively. The differences between two types of cancer 
have been calculated by employing tukey test which shows 
the value of 0.000 with critical value < 0.011 as motioned in 
Tables 5. The Kruskal- Wallis test confirms the results of 
parametric test and gives the value of H= 227.339 with 
correcting ties the obtained value is H=227.3436. 
 

 
 

This reduction of 0.065 µg per ml in the selenium blood 
concentration of cancer patients corresponds to 53.7 % 
decrease in the selenium concentration as compared to the 
blood selenium level in the control. The depletion of 
selenium in the blood of cancer patients may suggest its 
reciprocal accumulation in the malignant tissues in view of 
the studies [12, 25-28] who have reported higher 
concentration of selenium in the cancerous and neighboring 
tissues cells. Availability of excessive selenium in the 
cancerous cells may be expected to facilitate the synthesis 
of selenoproteins e.g. Trx, TrxR etc. which are known to 
provide protection to the tissue cells against the oxidative 
stress, carcinogens and help to reduce cancerous cell 
growth. The results of recent studies [29- 31] regarding the 
diversified multiple functions of selenoproteins has 
generated tremendous interest in the understanding and 
elucidation of mechanisms that triggers the role of these 
proteins from anti-apoptosis in the normal cells to pro-
apoptosis in malignant cells. There are numerous studies 
[32-34], and have proposed different mechanisms to 
explain the inhibiting effect of selenium on malignant 
neoplasm; for example, modulation of cellular division rate, 
decrease in formation of carcinogenic metabolites or 
cellular protection by an antioxidant system. It is generally 
believed that due to the anti oxidative characteristics of 
selenoproteins, these proteins can protect the cells and 
DNA from oxidative damage; in addition these proteins can 
react with carcinogens directly to save cells and DNA from 
their lethal actions. It has been suggested [30] that nitrative 
inactivation of Trx plays a proapoptotic role if the reactive 
nitrogen species is increased; and antinitrating treatment 
may have therapeutic value in those diseases, such as 
myocardial ischemia/ reperfusion, in which pathological 
apoptosis is increased. The situation is reversed in 
malignant tissue cells where apoptosis is beneficial for the 
inhibition of the cell growth therefore in view of the 
aforementioned studies it is possible that the pathological 
conditions in which production of Nitrogen species is 
increased that may favor the inactivation of Trx and 
therefore enhance the apoptotic role of this selenoprotein. A 
kinetic study of the reaction of NO and O2 in aqueous 
solutions, based on pH indicator, has been performed by 
using stopped-flow spectrometry [34]. The results of these 
studies have shown that at physiological concentrations of 
O2 and NO the auto- oxidation of NO does not limit its 
diffusion from the site of production in endothelial cells to a 
spatially removed target molecule such as guanylate 
cyclase in myocytes and platelets. A Trx interacting protein 
Txnip has been reported [31], which inhibit the antiapoptotic 
activity of Trx where as NO suppresses the expression of 
Trxnip and enhances the Trx activity, therefore perhaps the 
oxidative character of Trx in malignant cells as reported in 
the above mentioned studies may well be interpreted as the 
inhibition of its antioxidant activity. In different studies [34-
35] it has been suggested on the basis of their results that 
selenite induces apoptosis by producing superoxide ions 
which activate p53, a well known protein involved in 
carcinogenesis, which in turn support apoptosis. A key role 
has been assigned to Trx-2, located in mitochondria [36], in 
interaction with electron transport chain, determining tumor 
necrosis ROS generation, NF- kB activation and apoptosis. 
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7. Conclusion 
We report here that there is a 53.7 % reduction in the 
cancer patient’s blood selenium level is observed as 
compared to the control. Further studies are required to 
investigate that if selenium depletion in the blood of cancer 
patients can be stochiometrically be correlated with the 
accumulation of selenium in the tissue cells of the cancer 
patients. Statistically there is no difference in the values of 
blood selenium level of lungs and breast cancer patients 
irrespective of age and gender, which makes selenium as a 
potentials candidate to be used as a diagnostic tool or 
biomarker for the cancer patients and during the post 
therapy time period. In view of these studies, we may 
suggest that in addition to regular tests after surgery or 
therapy and thereafter intermittent monitoring of blood 
selenium level, may provide information about the condition 
of disease which may help to devise a strategy for the 
diagnosis and treatment of cancer patients. 
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