
Vol.:(0123456789)1 3

Molecular Biology Reports (2022) 49:2413–2419 
https://doi.org/10.1007/s11033-021-07000-w

REVIEW

The relationship between oral cancer and cadmium: a review

Samed Satir1 

Received: 30 July 2021 / Accepted: 19 November 2021 / Published online: 25 November 2021 
© The Author(s), under exclusive licence to Springer Nature B.V. 2021

Abstract
Cadmium (Cd) has been classified as a type I carcinogen. Since it is ingested orally through food and tobacco use, Cd is likely 
to be closely related to oral cancers. The relationship between cadmium and oral cancer was investigated using papers on 
Pubmed and Web of Science. Thus a total of 11 studies from these databases were included in the review. Cd concentrations 
were significantly higher in both the blood and hair of oral cancer patients than in controls. Additionally, it has been reported 
that Cd increases the activity of reactive oxygen species. Tobacco plants contain varying levels of Cd. The presence of high 
Cd concentrations in patients who use tobacco products and develop oral cancer is strong evidence that Cd is directly related 
to oral cancer. While planning a study to determine the Cd concentrations in biological samples, it is advisable to examine 
the methodologies of previous studies and to avoid technical deficiencies. New cell line studies are required to explain the 
relationship between Cd and autophagy-apoptosis.
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Introduction

Cadmium (Cd) is a toxic heavy metal that has accumulated 
in our environment as a result of mining and industrial activ-
ity [1]. Humans are exposed to Cd due to food, water, soil/
waste, air and tobacco products [2–5]. Cd binds to metal-
lothionein (MT), an organic molecule, and competes for MT 
in organisms with essential trace elements such as zinc (Zn) 
for MT in organism [6, 7]. Cd is primarily stored in the liver, 
kidney and bones [1, 8]. It is well established that Cd plays a 
role in the aetiology of a variety of diseases, including anae-
mia and osteoporosis [9]. Many biological materials have 
been used to demonstrate its accumulation in the human 
body, including blood, hair, saliva, breast milk, and teeth 
[10–12]. In addition, numerous many animal experiments 
have been conducted to demonstrate the effects of Cd on 
living tissues [13–15].

The International Agency for Research on Cancer has 
classified Cd as a type I carcinogen [16]. Cd has been linked 
to prostate, pancreatic, breast, lung, and bladder cancer 

[17–19]. Cd's potential carcinogenicity has also been high-
lighted in animal experiments and cell line studies [20, 21].

One of the most significant sources of Cd is tobacco [22, 
23]. Cd is likely to be closely related to oral cancers because 
it is ingested through food and the use of tobacco products. 
The aim of this study is to review published research on 
the relationship between cadmium, a toxic and carcinogenic 
trace element, and oral cancer.

Methods

Search strategy

Between 1st and 5th May 2021, a systematic review of the 
literature on the relationship between cadmium and oral can-
cer in Pubmed and Web of Science Library was conducted. 
The search was performed by using the keywords “cadmium 
oral cancer” or “cadmium mouth cancer” or “cadmium den-
tal” or “cadmium saliva” or “cadmium oral mucosa”.

Study selection

The study excluded reviews, case reports, letters to the edi-
tor, and articles that were not open access, were not written 
in English, or contained the term Cd only in their references.
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Results

Literature search and study characteristics

A total of 11 studies were included in the systematic review 
(Fig. 1). The 11 articles were comprised of 7 case–control 
studies, a cross-sectional study, and 3 cell lines researches 
with oral squamous cell carcinoma (OSCC) cells. The main 
characteristics of the studies are summarized in Table 1. The 
numerical data obtained from the case–control studies are 
shown in Table 2.

Cd concentration in biological samples of oral 
cancer patients

Cd concentrations in oral cancer patients’ blood and hair 
were consistently higher than controls in all case–control 
studies except one [24–27, 31, 32, 34]. Cd was not detected 
in any of the remaining study’s samples, including those 
from control patients [31]. In a study in which Cd was 
detected in calculus, the study group’s Cd concentration 
was found to be higher than the control group’s [32]. Three 
studies established control and case groups based on whether 
or not individuals had cancer [25–27]. In the other three 
studies, tobacco product usage was considered when form-
ing the groups [24, 31, 32]. In the only remaining study, 
the relationship between teenagers and the garbage disposal 
profession determined the separation of control and case 
groups [34]. According to a study of various cancer types 
in different parts of the body, all oral cancer patients who 
chewed tobacco had significantly higher Cd concentrations 
in their hair than control subjects [26].

Effect of Cd on apoptosis and autophagy

Cd has been shown to increase the activity of reactive oxy-
gen species (ROS) in studies using OSCC cell lines [28, 30, 
33]. Autophagy and apoptosis have been shown to reduce 
oxidative stress in OSCC cells, but they can also result in the 
death of these cells [28, 30, 33].

Technique used to determine Cd concentration

Atomic absorption spectroscopy (AAS) was used in almost 
all of the studies we included in the review to determine the 
Cd concentration [24–27, 31, 34]. The only study that used 
inductively coupled plasma-mass spectroscopy (ICP-MS) 
also the only one that examined Cd concentration in calculus 
[32]. All studies that measured Cd concentration in hair sam-
ples used certified reference samples. In half of the studies 
in which blood samples were used, detection limits were not 

provided [24, 34]. It was observed that the detection limits 
of the study in which no Cd was detected in any sample were 
significantly lower than the scanning limits presented of the 
other study [31] (Table 2).

Discussion

In some of the case–control studies included in this review, 
the groups were selected according to their tobacco prod-
uct use, and the amount of Cd in tobacco users’ biologi-
cal materials was generally found to be high. In addition, 
other researchers which question individuals’ use of tobacco 
products demonstrates that authors focus on the relationship 
between OSCC and Cd exposure from tobacco products. 
According to the European Food Safety Authority (EFSA) 
and the World Health Organization (WHO) recommend a 
weekly Cd intake limit of 2.5 µg/kg and 5.8 µg/kg respec-
tively [35, 36]. Smokers are estimated to consume twice the 
amount of Cd daily as non-smokers [37, 38]. Some studies 
report that approximately 10% of the Cd in tobacco products 
accumulates in the lungs and 20–50% enters the circulation 
system [27, 39, 40]. Additionally, some studies indicate that 
not only tobacco is a source of Cd exposure, but also vari-
ous seafood and vegetables [5, 41]. While tobacco products 
are not the only source of Cd exposure for smokers, they 
are widely accepted as the primary etiological cause of Cd-
induced toxic and carcinogenic effects, with the exception 
of occupational exposure [42].

Smoking can damage the oral epithelium and cause 
OSCC [28]. Numerous OSCC cell line studies conducted 
to clarify the mechanism of neoplasm development in 
the oral mucosa, have revealed that Cd increased ROS, 
which is thought to activate the tumorigenesis signal [30, 
33]. According to all three studies, autophagy and apop-
tosis are bidirectional and may result in the death of the 
cell while performing their protective function. That is, 
it is believed that autophagy and apoptosis play a critical 
role in the diagnosis, prevention and treatment of OSCC. 
So et al. demonstrated that Pin1, one of the molecules they 
examined, remained unaffected by Cd-induced autophagy. 
They stated that while autophagy protects the cell from Cd, 
it is also associated with poor prognosis [28]. Another cell 
line study using the heme oxygenase-1  (OH−) antioxidant 
enzyme revealed a positive correlation between the increase 
in Cd-induced ROS and the increase in  OH−. The level of 
 OH− induction has been predicted to be a useful tool for 
determining the extent of oxidative stress in cells. However, 
it has been reported that high levels of  OH− may exacerbate 
cellular stress, thereby worsening rather than resolving the 
condition [30]. Autophagy has also been linked to metasta-
sis and invasion. Additionally, autophagy causes cell death 
and tumorigenesis. While cell line studies have reported that 
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identical enzymes behave differently in different cell types 
and yield inconsistent results, it has also been noted that 
little is known about the effect of Cd exposure on OSCC 

[33]. In addition, all three studies mentioned the close rela-
tionship between tobacco product usage and OSCC [28, 30, 
33]. Thus, while the effect of Cd, which is present in high 

PUBMED WEB OF SCIENCE

Cadmium oral cancer = 79

cadmium mouth cancer = 17

cadmium dental = 325

cadmium saliva = 78

cadmium oral mucosa = 61

Cadmium oral cancer = 107

cadmium mouth cancer = 14

cadmium dental = 203

cadmium saliva = 189

cadmium oral mucosa = 14 

Total = 1087 

About cadmium = 190

duplicated, review, editor le�er, case 
report, not open access, not in English,

cadmium only in references

Laser-Cd, Cd-telluride = 7

Animal study a�er oral administra�on = 29

Agricultural bioaccessibility = 22

Exposure (maternal, infant, worker etc) = 50

Effect on cell metabolism = 15

Burden in �ssues (GIS, kidney, liver etc) = 7

In dental materials = 12

Molecular and technical = 14

In den�stry, except oral cancer = 23

Included in the systema�c review = 11

Fig. 1  Flow chart of selected articles
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concentrations in tobacco products, at the cellular level is 
unknown, it is known to cause oxidative stress.

The numerical data for the Cd concentration in calculus 
are expressed in ng/g units, which can easily be converted to 
the microgram/g unit used in all studies on Cd concentration 
in hair [32]. The authors compared their Cd concentration 
they obtained in calculus to the results of a similar study 
and stated that it was consistent with the literature [43]. The 
findings of this study indicate that the Cd content of cal-
culus is lower than that of hair. This could be because Cd 
accumulates in different tissues at different concentrations 
or because the concentration determination technique used 
is different.

Presently, ICP-MS is preferred over AAS for Cd analy-
sis because it is faster and more sensitive [44]. In Bandeira 
et al.’s study, in which AAS was used, Cd was not detected 
in any sample. Cd concentrations below detection limits 
have been associated with smoking cessation in cancer 
patients [31]. However, when the detection limits of this 
study are compared to those of similar studies, it is clear that 
a very low detection limit was determined. The inability to 
detect Cd in this study could be due to a failure to establish 
an appropriate detection limit or a technical issue with the 
device used. In a study where Cd concentrations was deter-
mined using calculus, it was emphasized that before using 
the ICP-MS to determine the concentration, the appropriate 
method should be established and the detection limits cor-
rectly determined [43].

In one study, DNA damage was examined in exfoliated 
buccal mucosa cells, and it was found to be significantly 
higher in young e-waste scavengers than in the control group 
[34]. In an editorial letter published in the same year for 
this study, it was reported that demonstrating DNA damage 
with samples obtained from exfoliated buccal mucosa cells 

may not be reliable [45]. In the same editorial letter, refer-
ring to a study that found no difference in the cell nuclei of 
smokers and non-smokers, it was claimed that the method 
used by Alabi et al. made it impossible to demonstrate that 
heavy metals cause oral cancer. Fillman et al. stated that Cd 
exposure alters the telomere length in saliva and induces 
oxidative stress and apoptosis. While they made no men-
tion of the relationship between oral cancer and Cd, they 
demonstrated that Cd-induced cellular changes in saliva, 
a critical component of the oral region, cause DNA dam-
age and have a mutagenic properties. Chronic exposure to 
heavy metals beginning from childhood has been linked to 
various diseases such as cancer [29]. In summary, although 
there is compelling evidence that Cd can induce pathologi-
cal changes in cells in the oral region, there is no conclusive 
evidence that Cd causes oral malignancy.

Conclusion

Increased Cd concentrations in patients who use tobacco 
products and have oral cancer are a strong indicator that Cd 
may be directly related to oral cancer. Additional research 
is required to determine the role of Cd in tobacco-related 
oral cancers.

While planning a study to determine the Cd concentra-
tions in biological samples, it is prudent to examine the 
methodologies of previous studies and to avoid technical 
deficiencies.

Cd may have a critical role in autophagy and apoptosis. 
New OSCC cell line studies are required to clarify the rela-
tionship between Cd and autophagy-apoptosis.

Table 2  Studies aimed to determine the Cd concentration in biological samples

AAS atomic absorption spectroscopy, ICP-MS inductively coupled plasma mass spectroscopy, LOD limit of detection, LOQ limit of quantifica-
tion

Region Results (min–max) Technic Detection limits

Hair Blood Dental calculus Hair Blood

Kazi et al. [24] Pakistan 1.21–7.64 µg/g 3.95–9.87 µg/L AAS Use of certified hair samples 
(BCR 397)

Arain et al. [25] Pakistan 1.35–7.12 µg/g 2.65–16.8 µg/L AAS Use of certified hair samples 
(CRM 397), 97.8–98.9%

LOD 0.28 µg/L
LOQ 0.81 µg/L

Wadhwa et al. [26] Pakistan 0.85–7.53 µg/g AAS Use of certified hair samples 
(CRM 397), 96.4–99.3%

Kazi et al. [27] Pakistan 1.06–7.34 µg/g AAS Use of certified hair samples 
(CRM 397), 96.4–99.3%

Bandeira et al. [31] Brazil NA AAS LOD 0.01 µg/mL
LOQ 0.1 µg/mL

Zhang et al. [32] China 99–700 ng/g ICP-MS
Alabi et al. [34] Nigeria 0.38–12.35 µg/L AAS
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