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Abstract: Oral health is an integral component of general health and well being and a basic human right. Dental
public health is probably the most challenging specialty of dentistry. Because of the lack of adequate resources among
other factors, many people are likely to suffer from dental diseases. Despite great improvements in the oral health
status of populations across the world, the burden and impact of dental diseases are still high. This is particularly true
among underprivileged groups in both developed and developing communities. Oral diseases and conditions, including
oral cancer, oral manifestations of HIV/AIDS, dental trauma, craniofacial anomalies, and noma, all have broad
impacts on health and well-being. Oral cancer, the sixth most common cancer worldwide continues to be most
prevalent cancer related to the consumption of tobacco, alcohol and other carcinogenic products. Nevertheless,
significant reduction in mortality can be achieved by advances in early diagnosis and implementation of
multidisciplinary treatment programs leading to improvement of survivorship and better quality of life. The present
study was designed to evaluate the immunologic and biochemical markers in oral carcinogenesis using circulating
immune complexes (CIC), copper, iron, and selenium concentrations as assessment endpoints. Study results indicated
an increase in CIC and copper levels, and a decrease in iron and selenium concentrations in oral cancer patients
compared to controls. The implications of these findings for public health are discussed.
Keywords: Dental public healths, immune complexes, trace elements, copper, iron, selenium, precancerous condition,
India.

Introduction
Oral diseases and conditions, including oral cancer,
oral manifestations of HIV/AIDS, dental trauma,
craniofacial anomalies, and noma (cancrum oris), have
broad impacts on health and well-being [1]. In
industrialized countries oral cancer is highly related to use
of tobacco and excessive consumption of alcohol. The
incidence of oral cancer is particularly high among men,
the eighth most common cancer worldwide. In southcentral Asia, consumption of tobacco in various forms is
particularly high and cancer of the oral cavity ranks
amongst the three most common types of cancer. The
variation in oral cancer incidence rate across the world
primarily reflects different risk profiles and access and
availability to health services [2]. The assessment of
immunological and biochemical alterations in the sera of
© 2008 MDPI. All rights reserved.

oral cancer patients can help not only in the early
diagnosis and appropriate treatment of the disease, but
also in prognosis, as the disease progresses [3].
Dental Public health is the science and art of
preventing and controlling dental diseases and promoting
dental health through organized community efforts [4].
Dental public health professionals are responsible for the
oral health of a population or a group of individuals, in
contrast to the private practitioner who is primarily
responsible for the oral health of the individual patient
sophisticated enough to seek care and who has the
resources to pay for services.
The dental public health infrastructure has a major
responsibility to promote, protect and enhance the oral
health of the community. The dental public health
professionals need to emphasize on vulnerable or high risk
population groups such as children, the elderly, the low
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income, the developmentally disabled, the medically
compromised, persons with HIV/AIDS, institutionalized
individuals and racial cultural and linguistic minorities. [5]
Research should be targeted to include oral diseasesystemic disease interrelationships, HIV/AIDS related oral
disease, craniofacial anomalies, oral cancer, health
outcomes measurement such as quality of life indicators,
and health promotion. It is considered highly relevant to
ensure integration of oral health research into other health
research projects at a community level that should enable
efficient linkages of oral health measures with biological,
social and environmental health determinants.
Meanwhile, people in deprived communities, certain
ethnic minorities, homebound or disabled individuals and
older people are not sufficiently covered by oral health
care. Many developing countries have a shortage of oral
health personnel, services are mostly offered from
regional or central hospitals of urban centers and little
importance is given to preventive or restorative dental
care. Clinical and public health research has shown that a
number of individual, professional and community
measures are effective in preventing most oral diseases
[6]. However, optimal intervention in relation to oral
disease is not universally available or affordable because
of escalating costs and limited resources in many
countries.
Demographic changes in Indian society will have
increasingly important effects on the oral health and the
practice of dentistry. As the French philosopher, Augustic
Comte stated, ‘Demography is destiny’. One such
demographic trend affecting dental practice is “graying”
of India. The impact of dental practice resulting from
these growing numbers of elders has become well
recognized. The geriatric oral health scenario in India is
changing for the better [7].
According to the Population Reference Bureau's 2000
World Data Sheets, life expectancy at birth for Indians is
between 60 and 61 years. This was also confirmed by the
most recent Census of India in 2001[8].
The population of the elderly in India in the year 2021
will be 137 million. According to World Health
Organization report 2005 life expectancy has increased
both for males and females. It is 64.1 yrs for males and
65.8 yrs for females [1]. This has revealed the decrease in
death rate and better improvement of quality health
services in India [9].
However, there are variations in life expectancy in
rural and urban populations due to variations in
availability of health services, literacy levels, states and
difference in rural and urban areas population due
differential income levels and socio-economic status [10].
Health disparities are well documented in minority
populations. Individuals in these groups bear a
disproportionate burden of disease and disability and these
disparities result in lower life expectancy, decreased
quality of life, loss of economic opportunities, and
perception of injustice [11].
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Epidemiological studies indicate that intervention at
an early stage might reduce oral carcinoma related deaths.
The discovery of immunological markers at a clinical,
histological and molecular level has marked the end of an
era of groping in the dark for clues to the basis of cancer.
The development of oral cancer is a multistep process
arising from pre-existing potentially malignant lesions.
Leukoplakia (L) is the most common precancer
representing 85% of such lesions [12]. Histologically, over
95% of oral cancers are squamous cell carcinomas [13,
14]. It has been suggested that a vast majority of Oral
squamous cell carcinomas (OSCC) in India arise from preexisting Leukoplakia [15].
Likewise, the incidence of oral submucous fibrosis
(OSMF) is increasing like an epidemic, targeting the
younger generation. The etiology for OSMF is still
obscure and a varied number of factors have been
proposed. Of these, areca nut use is the most important
and persistent finding in history taking [16].
Intensive studies have documented the role of
immune complexes as modulators of both cellular and
humoral immune response. The occurrence of circulating
immune complexes (CIC) as a marker for tumor burden
and prognosis in the sera of patients with oral precancer
and cancer is now well established. Recent advances in the
fields of CIC, tumor progression, drug resistance, tumor
cell heterogeneity and metastasis have resulted in a
renewal of interest in the development of non- specific
immunotherapeutic modalities [17].
CIC occurrence in cancer cells, especially malignant
melanoma, breast carcinoma, ovarian carcinoma, testicular
carcinoma and sarcomas has been reported in the
literature. Predictive value depends mainly on prevalence
and it is known that increased incidence of CIC occurs in
other chronic diseases e.g. Rheumatoid Arthritis.
Although further work on composition of CIC will
enhance the usefulness of CIC determination in malignant
disease, antigenic makeup of CIC in cancer patients
reflects the host`s immune response to a variety of often
overlapping antigenic stimuli and hence paves the way for
further studies [18].
Trace elements have been extensively studied in
recent years to assess whether they have any modifying
effects in the etiology of cancer. Copper, iron and
selenium are essential for numerous enzymes and
therefore it is reasonable to assume that variations in
serum level of these biochemical markers maybe
associated with the pathogenesis of oral cancer.
Molybdenum acts as a cofactor for xanthine oxidase,
aldehyde oxidase, sulfite oxidase in mammals and is
regarded as an essential trace element in human nutrition
[19].
In assessment for several trace elements, the
concentrations in serum are often used as an index. The
importance of these elements in cancer was reported by
Schwartz (1975) [20] which opened the door for new
diagnostic and therapeutic endeavors in many areas of
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medicine and specifically in the areas of oncology.
Immunological and biochemical alterations in the serum
of such patients can help not only in the early diagnosis
and treatment but also in prognosis, as the disease
progresses.
Material and Methods
In a randomized clinical trial, thirty patients with
precancer (OSMF/L) and 30 patients with OSCC with
histopathologically proven lesions were included in this
study [3]. For comparison thirty normal subjects were also
selected. The age group of these patients ranged from 2570 years.
The following investigations were carried out in sera
obtained from 10 ml blood samples collected from the
subjects:
1) Serum estimation of circulating immune complexes
(CICs) using 3.75% Polyethylene Glycol 6000 (PEG)
serum precipitation assay [21].
2) Serum estimation of copper (Cu) using the
Colorimetric Oxalyl Dihydrazide method [22].
3) Serum analysis of iron (Fe) using colorimetric
Dipyridyl method [20].
4) Serum analysis of selenium (Se) using Differential
Pulse Cathodic Stripping Voltametry [23].
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Serum levels of copper showed gradual increase from
precancer to the cancer group, as compared to the control
group showing a statistically significant difference (Figure
1) [3]. High levels of copper in areca nut, a major
etiological factor in OSMF plays an initiating role in
stimulation of fibrogenesis by up regulation of lysyl
oxidase [27] and thereby causing inhibition of degradation
of collagen and causing its accumulation. The rise in
serum copper can be attributed to increased turnover of
ceruloplasmin a copper carrying globulin with essential
oxidase activity [28] in the serum of carcinoma patients.

Results and Discussion

Figure 1: GroupWise comparison of CIC (optical density
reading @450 nm), Copper, Iron and Selenium
Concentrations

In the present study the levels of circulating immune
complexes (CIC) showed a gradual increase in the
precancer group and a characteristic marked increase in
the cancer group [3] (Figure 1). CIC deposition may lead
to inflammation and tissue / cell damage, as well as to
suppression of cell mediated immunity and modulates the
humoral response.
The immunological abnormalities in patients with
cancer in the head and neck appear to be more profound
than those associated with cancers of the bronchus, breast,
cervix, colon or bladder [24]. The immunoglobulin
deposits may represent immune (antigen-antibody)
complexes, since circulating immune complexes have
been detected in 75% of patients with head and neck
carcinoma [25]. Majority of this study group consisted of
males (66.67%) who had tobacco, areca nut chewing and
associated habits. The mean age was higher in the patients
suffering from oral carcinoma.
Gross et al. [26] reported that ageing is associated
with a decline in the cell mediated immunity which might
predispose to oncogenesis. Hoffken et al. [26] concluded
that the elevation of circulating immune complexes was
attributed to change in the levels of complement fixing
and non-complement fixing of tumor specific antibodies.
This implied that it may be possible to monitor the
malignant transformation of premalignant lesions. Also,
emphasis should be laid on the detection of the antigenic
component of the CIC.

In the present study the serum iron was significantly
decreased in the precancer and cancer groups as compared
to the control groups (Figure 1). Serum iron levels are
considered as biochemical indicators for nutritional
assessment. Utilization of iron in collagen synthesis by the
hydroxylation of proline and lysine leads to decrease
serum iron levels in OSMF patients. In most cases clinical
anemia may be a contributing factor. Inadequate intake of
food due to burning sensation and vesiculation in the oral
cavity might also be an important factor. Reduction in the
serum iron level may be due to malnutrition caused by the
tumor burden in cancer patients.
Utilization of iron in collagen synthesis by the
hydroxylation of proline and lysine leads to decreased
serum iron levels in OSMF patients [29]. In most cases
clinical anemia may be a contributing factor [30].The
initial ulceration in OSMF causes pronounced difficulty in
eating and in turn nutritional depletion. There appears to
be an association between the serum iron content and oral
carcinogenesis. More detailed studies on a large data base
should be instituted to elucidate the exact role of iron.
Various epidemiological studies have implicated
selenium as a cancer protective agent. In the present study
the serum selenium concentration was found to be
decreased in the precancer and cancer groups [3] (Figure
1). Studies indicate that higher dietary intake of selenium
in humans may be protective. The role of selenium is thus
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complex which can be attributed to its protective
antioxidant role.
Selenium forms the integral part of the enzyme
glutathione peroxidase, type 1 iodothyronine deiodinase,
metalloprotein, fatty acid binding protein and
selenoprotein P. therefore selenium is considered as an
antioxidant nutrient and the diseases where low selenium
is implicated range from nutritional disorders like protein
energy malnutrition to degenerative diseases such as
cancer [31].
A significant positive correlation was present between
the serum circulating immune complexes levels and
copper in the precancer group. Both parameters showed a
steady increased (Figure 2). A significant positive
correlation was found between age of subjects and
circulating immune complexes. Estimation of CIC and
trace elements might help in early detection, differential
diagnosis and treatment planning of oral premalignant and
malignant lesions.
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Population studies of oral mucosal lesions, including
epidemiological surveys of HIV/AIDS related oral
disease in developing countries.



Health systems research on reorientation of oral
health services towards prevention and health
promotion.



Time-series data for oral health surveillance in
developing countries.

It is therefore imperative for developing countries to
have stringent laws against abuse from tobacco and
associated products. The population dividend which is any
growing economy`s asset should be prevented from
becoming a liability. Therefore, proactive intervention is
the need of the hour. Estimation of CIC and trace elements
might help in early detection, differential diagnosis and
treatment planning of oral premalignant and malignant
lesions.
Conclusions

Figure 2: Correlation between CIC and Copper in
Precancer Group
It has been reported that serum concentration of
molybdenum, an antioxidant trace element, is decreased in
esophageal cancer. Resultantly, further research on the
role of this element in the etiopathogenesis of
aerodigestive tract and oral carcinomas, has been
recommended [32]. Other areas of further research have
been identified including the following [33]:

Findings from the present studies indicate an increase
in the concentration levels of circulating immune
complexes (CICs) and copper, and a decrease in those of
iron and selenium associated with oral carcinogenesis. It
can be suggested that immunological and biochemical
assessment of oral precancer and cancer patients may help
in earlier diagnosis and/or prognosis. This may also serve
in predicting malignant potential of the pre malignant
lesions. These efforts may be of value for proactive
intervention, especially in high risk groups with
potentially malignant conditions and lesions. Various
studies have highlighted that circulating immune
complexes represent the host’s physiological and
immunological response in eliciting specific antibodies
upon exposure to most antigenic substances. In India, high
levels of copper in areca nuts, a major etiological factor in
OSMF plays an initiating role in stimulation of
fibrinoenesis by the upregulation of lysyl oxidase enzyme
thereby causing inhibition of degradation of collagen. The
rise in serum copper can be attributed to increased
turnover of ceruloplasmin in the serum of carcinoma
patients. Utilization of iron in collagen synthesis by the
hydroxylation of proline and lysine leads to decrease
serum iron levels in OSMF patients. Clinical anemia is
also considered an etiological factor for OSMF.
Inadequate intake of food due to burning sensation and
vesiculation in the oral cavity might also be an important
factor. A decrease in the serum selenium level in oral
carcinoma patients can be attributed to its protective
antioxidant role.



Modifiable common risk factors to oral health and
chronic disease, particularly the role of diet, nutrition
and tobacco.



Oral health-general health interrelationships.



Psychosocial implications of oral health/illness and
quality of life



Inequity in oral health and disease.
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