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Introduction/Review

Schizophrenia is a chronic mental health disorder that results 
in a profound burdon on the both the individual affected and the 
greater society [12]. Affected persons with the condition have a 
decreased life span by approximately 20-25 years [13]. Cancer is the 
second leading cause of death both globally and in the developed 
world. Among the various types, lung cancer ranks first in mortality 
[14]. It is no secret that exposure to cigarette smoke is one of the 
leading risk factors for the development of the condition. In fact, 
smoking cigarettes has been associated with a 15-30-fold increase 
of the subsequent development of lung cancer [15]. Patients with 
schizophrenia have a well-documented history of significantly 
higher than average rates of smoking cigarettes. At first glance, a 
patient population with tobacco smoking rates twice that of the 
general population would think to be correlated with higher than 
average rates of pulmonary neoplasia. Interestingly, despite their 
increased exposure, patients with schizophrenia have been found 
to have a lower overall rate of lung cancer than that of the general 
population [1-3].

The connection between lung cancer and schizophrenia is 
one that is straightforward. Like most neoplastic processes, a 
combination of both environmental and genetic factors likely 
plays a role in the ultimate development of the condition. Multiple 
reasonable environmental protective factors have been identified 
[16]. However, the question of which-if any-genetic element that 
links the two conditions remains to be answered. The goal of this 
review was to attempt to gain clarity on this topic. 

Methodology 

Search strategy

Initially a search for genes was carried out on OMIM with the 
search keyword of “schizophrenia.” The search results returned 
229 unique genes. A second search was performed with key phrase 
“‘lung cancer’” which yielded 313 unique genes. After crossmatching 
the results from the two search queries, seven genes were found to 
be common between the two conditions. One of these seven, the 
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SLC6A3 gene - which codes for the dopamine transporter (DAT1) 
- was chosen to be the focus for our study. A systematic search of 
the following databases was carried out: PubMed, ask MEDLINE, 
Google Scholar. The following keywords were used, as well as their 
combinations: “schizophrenia,” “lung cancer,” “DAT1.” Our search 
consisted of studies which were primary and secondary in nature. 
It was limited to publications ranging from 1988 through 2018. 

Hits received from the databases were as follows: PubMed (31), 
ask MEDLINE (77), Google Scholar (172). Per the inclusion criteria, 
two authors independently examined the titles and abstract sections 
of the articles that were obtained in the searches. Articles found to 
be irrelevant were thrown out from the study. The full texts of the 
remaining studies were obtained by the authors and were, once 
again, reviewed independently and were sorted into relevant and 
irrelevant categories. Studies that were agreed upon as relevant 
were included in the study. Of the total article pool containing 280 
articles, 20 were agreed upon and selected as relevant and included 
in our study. 

Result/ Overview of the Studies Exploring the Relation-
ship Between Schizophrenia and Lung Cancer

Results of gene search

As was stated above, a system wide search was performed on 
OMIM to find the genes that are associated with both Schizophrenia 
and Lung Cancer (Table 1).

Table 1: As was stated above, a system wide search was 
performed on OMIM to find the genes that are associated 
with both Schizophrenia and Lung Cancer.

Gene Locus/MIM Number Gene/Locus Name

606989 Myeloperoxidase

191840 Plasminogen activator, urokinase

126455 Solute carrier family 6 (neurotransmitter 
transporter, dopamine); SLC6A3

176830 Proopiomelanocortin

600299 Pericentriolar material 1

190090 Protooncogene SRC, Rous sarcoma

124030 Cytochrome P450, subfamily IID, poly-
peptide 6

Patients with schizophrenia have a lower incidence of lung 
cancer

A systematic review and meta-analysis [17] of the prevalence 
of lung cancer in patients with schizophrenia looked at 383 
articles pertaining to “schizophrenia,” “lung cancer,” and/or 
“lung neoplasms.” Thirty-three articles were included for further 
review and analysis. The study found that there is a lower overall 
prevalence of lung cancer at 3.84 per 1,000 persons (95% CI: 
2.76 to 4.91, p<0.001) and a lower risk of developing lung cancer 
(RR: 0.528, 95% CI: 0.330-0.845) in patients with schizophrenia. 

Another study [10] compared the incidence of malignant neoplasms 
amongst schizophrenics with that of the local general population. 
The study identified 2,976 male and 3,202 female patients with 
schizophrenia in Aarhus, Denmark from 1957 to 1980. The results 
indicate that the incidence of lung cancer (SIR=0.58, CL 0.40-0.81) 
is significantly reduced in both male and female schizophrenic 
patients in Denmark. A cohort analysis [18] of linked hospital and 
death records in England was used to compare cancer rates in 
people with schizophrenia with a reference cohort. A total of 9,649 
patients with schizophrenia from 1963 to 1999 were compared 
with a cohort of nearly 600,000. The study found that the risk 
of lung cancer was non-significantly elevated in patients with 
schizophrenia (rate ratio 1.18, 95% CI: 0.94-1.45) when compared 
to the reference cohort. There is no data on the smoking history of 
the patients analyzed.

Schizophrenia, the DAT1 and SLC6A3 gene

The dopamine transporter (DAT), encoded by the SLC6A3 gene, 
functions to reuptake dopamine in the neuronal synapse [19]. 
Dysfunctions of this gene have been implicated in conditions such 
as Tourette syndrome, attention-deficit/hyperactivity disorder, 
parkinsonism, and substance use [20]. While the above conditions 
and their relation to the DAT1 have been discussed in multiple 
publications, scholarly articles on its connection to schizophrenia 
are thin. 

The first study that suggested a potential link to schizophrenia 
was done by Grios et al. [21] who experimentally created mice 
that were homozygous-null for the DAT1. These mice exhibited 
spontaneous hyperlocomotion which was observed despite 
significant adaptive changes being put in place, including 
decreased neurotransmitter concentrations and receptor levels. In 
these studies, dopamine remained in the extracellular space for a 
minimum of one hundred times longer than normal. Interestingly, 
these mice were noted to have similar behaviors that are seen in the 
positive symptoms of schizophrenia [21]. 

The DAT1’s relation to schizophrenia was once again looked 
at in 2004 by Khodayari et al. [5] who recognized a possible link 
between schizophrenia and the DAT1 gene via case control analysis 
of the DAT1’s gene core promoter polymorphism -67A/T. The 
DAT1 A/T polymorphism was found to be significantly increased in 
patients with schizophrenia [5]. 

Dopamine’s tumor inhibiting effect

Schizophrenia patients have a lower than average risk of 
developing lung cancer as compared to their non-schizophrenia 
counterparts. Dopamine provides an array of different functions 
in various unique tissues throughout the body. Its receptors are 
found in both alveolar epithelial cells and human lung tumours 
and functions to inhibit cellular proliferation. This is achieved via 
selective inhibition of vascular permeability and angiogenesis 
via vascular endothelial growth factor (VPF/VEGF). Campa et 
al was able to show that dopamine polymorphisms that result in 
increased dopamine bioavailability are inversely correlated with 
the incidence of non-small cell lung cancer [5]. 
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Dopamine D2 receptor (D2R) agonists’ potential influences on 
lung cancer has also been studied. Hoepper et al found that D2R 
agonists were able to have an inhibiting effect in syngeneic as well 
as human xenograft orthotopic murine models. This was shown 
to be via tumor angiogenesis inhibition, by means of VEGFR-2-
mediated signal nullification, as well as reduction of myeloid 
derived suppressor cells [6]. 

Xiaoyuan et al also experimentally studied the effects of D2R 
agonists effects on lung cancer. They were able to show that 
quinpirole, a selective D2 and D3 receptor agonist, resulted in 
inhibition of non-small cell lung cancer tumor growth (p<0.0001) 
through inhibition of NF-κB signaling pathway [7]. These studies 
strengthen the previously published findings, by Baus et al. who 
found that angiogenesis - via VEGF‐induced HUVEC (human 
umbilical vein endothelial cell) proliferation and migration-
micro vessel density, permeability, and ultimately the growth of 
malignant tumors in murine models were the result of peripheral 
dopaminergic nerve ablation [8].

Location/expression of DAT1 

Studies suggests that dopamine transporter (DAT) is expressed 
in the lungs of humans and animals. One study sought to investigate 
which organs in rats had a distribution of dopamine transporter 
[9]. It did so with an immunohistochemical method. The results 
of this study demonstrated staining of DAT in the central nervous 
system, anterior pituitary, Auerbach’s nervous system, Meissner’s 
nervous system of the stomach, small intestine and colon, adrenal 
medulla, and the lungs. The results suggest that DAT plays an 
important role in the dopaminergic system [22]. A double-blind, 
placebo-controlled, crossover study used imaging with 123I-FP-CIT 
to detect DAT binding in the lungs [10]. Lung uptake of 123I-FP-
CIT was statistically significantly lower after paroxetine intake 
(0.56+0.35 %IA) when compared to intake of placebo (0.97+0.44 
%IA). This is the first study to show that 123I-FP-CIT binds in vivo 
in humans not only to DATs but also to central SERTs and SERTs in 
lung tissue.

Expression of DAT in the brain has been well documented by 
numerous studies. Chinaglia et al. [11] used quantitative ligand 
autoradiography to investigate dopamine transporter sites in 
basal ganglia of patients affected by multiple disorders. In patients 
suffering from schizophrenia the density of dopamine uptake 
sites in the basal ganglia was slightly reduced. A study conducted 
by Laasko et al. [12] used positron emission tomography and [G]
CFT, a marker of dopamine nerve terminals, to look at striatal DAT 
density. Their results suggest a possible decreased expression of 
DAT in a subset of chronic schizophrenic patients. Markota et al. 
[13] measured the density of axon varicosities immunoreactive for 
DAT throughout the amygdala. They found statistically significant 
decreased DAT-immunoreactive varicosities in various locations of 
the amygdala [23].

Discussion

As discussed above, many studies have shown that patients 
with schizophrenia have a lower incidence of lung cancer when 

compared with the general population. Seven genes were found 
to be associated with both schizophrenia and lung cancer. The 
SLC6A3 gene associated with the expression of DAT provides the 
strongest potential link between the symptoms of schizophrenia 
and protective factors for lung cancer [24].

The Dopamine Hypothesis has long suggested that the 
symptoms of schizophrenia are due to an overactivation of 
dopamine receptors. The fact that antipsychotics successfully 
reduce psychotic symptoms by blocking dopamine receptors 
support this hypothesis. DAT functions to reuptake dopamine 
from the synaptic cleft; it is the main mechanism through which 
dopamine is removed from the synapses. Studies done on both mice 
and humans have proposed decreased DAT expression in the brain 
as a cause for symptoms of schizophrenia because of the increased 
dopamine in the synaptic cleft. The research has shown that DAT is 
not only expressed in the brain but, also in the lungs as well as other 
parts of the body. Decreased DAT expression in the lungs would 
function in a similar manner, allowing dopamine more time to exert 
its anti-tumor effects for longer periods of time.

Conclusion

The possibility for schizophrenia acting as a protective factor 
against lung cancer has long been discussed but lacked scholarly 
research. This review has helped to highlight the small, but growing 
body of evidence supporting the possibility of a causative, genetic 
link. While preliminary studies on the topic have yielded promising 
data, a more substantial body of research is needed before a 
more definitive conclusion is able to be drawn. With the growing 
push towards individualized medicine, this could hold valuable 
promise for future therapeutic intervention in the form of novel 
pharmacologic and gene editing therapy; a valuable prospect for 
patients who are suffering from this lifelong taxing condition.
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