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↑What is “already known” in this topic: 
Previous studies have shown the role of neurotransmitters, 
especially 5HTR2A and 5HTR3A serotonin receptors, as 
mediators in the occurrence and development of cancers and 
their pattern in the progression of tumors and carcinogenesis.   
 
→What this article adds: 

According to the results of this study, serotonin receptor 
mRNA expression can be considered a prediagnosis marker for 
breast cancer. Also, because of its increase in tumoral tissue 
and considering the apoptotic effects of its antagonist on 
tumoral cells, it may be considered a therapeutic target for 
breast cancer.  
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Abstract 
    Background: Several studies have proven the pattern of neurotransmitters, especially serotonin, in carcinogenesis and tumor 
development. Several studies have also shown that changes in serotonin receptors, especially 5HTR2A and 5HTR3A, can play an 
important role in incidence of cancers. This study was conducted to investigate changes in mRNA expression of 5HTR2A and 
5HTR3A receptors in the breast tumor tissue compared to their marginal zone.  
   Methods: In this study, tissue samples were obtained from 40 female patients with breast cancer. Entire RNA was obtained from the 
tissues and cDNA synthesis was performed. Finally, real ime PCR technique was performed to investigate the gene expression 
variation of both 5HTR2A and 5HTR3A. To analyze the results of real time PCR, both ΔΔCt and 2-ΔΔCt equations were used. All 
statistical analyses were performed using the SPSS 18 software and R-Studio 1.0.136. P values less than 0.05 (p<0.05) and 0.001 
(p<0.001) were considered statistically significant. 
   Results: The results showed increased expression of 5HTR2A and 5HTR3A genes in tumoral tissues of patients with breast cancer 
compared to their marginal tissues, where the 5HTR2A and 5HTR3A genes expression in tumor tissue was 3.12 and 3.24 times more 
than that of the marginal zone, respectively. 
   Conclusion: The results indicated an increase in the mRNA expression of serotonin receptors (5HTR2A and 5HTR3A) in the tumor 
tissue compared to the marginal zone, which due to the mitogenic nature of these receptors, is likely to induce more proliferation of 
cancer cells.  
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Introduction 
Breast cancer is the most common cancer in women, ac-

counting for 32% of cancers in women. According to the 
statistics, breast cancer is the most common type of cancer 
among women in Iran. (1) Several factors play a role in 
the incidence of breast cancer, including genetic factors, 

nutrition, age at menarche, early menopause, epigenetic 
factors, neurological factors etc. Neurological factors are 
of the major factors involved in the onset of various dis-
eases, especially cancers.  

Several studies have shown the role of neurotransmitters 
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and their receptors as mediators in the occurrence and 
development of cancers in a variety of diseases (2-5).  

Neurotransmitters are chemical messengers that used to 
be known as exclusive mediators between cells within the 
nervous system. However, in addition to the nervous sys-
tem, they are believed to be involved in the immune sys-
tem regulation as well (6). Many studies have shown the 
role of neurotransmitters, including dopamine, gamma 
aminobutyric acid (GABA) and particularly serotonin, in 
the progression of tumors and carcinogenesis (7). A study 
has shown that neurotransmitters, influencing through 
their different receptors, and changes in their mRNA ex-
pression, cause such disorders and problems in human 
health (7). Serotonin or 5-hydroxytryptamine (5-HT), 
which derived from tryptophan, is a biogenic monoamine 
neurotransmitter and hormone (8, 9). Serotonin receptors 
are from the G-coupled protein family, which have a 7-
transmembrane α-helix structure (10). One of the seroto-
nin receptors is 5HT2, which is widely distributed in the 
central nervous system (CNS) (11). 5-HT2 family consists 
of 5HTR2A, 5HTR2B, and 5HTR2C. They are emotional 
neurotransmitters that selectively bind to the protein G of 
the G11/GQ family and activate phospholipase C, which 
activates protein kinase C and releases calcium. The 
mRNA expression changes in this gene are involved in 
diseases such as schizophrenia, depression, and migraine 
(12-14). The 5HT3 is another serotonin receptor, and the 
product of this gene belongs to the ion channel receptor 
family, including 2 isoforms (5HTR3A and 5HTR3B) 
(15-17).   

Various studies have shown neurotransmitter receptor 
agonists and antagonists can stimulate or inhibit growth in 
different cells (18, 19). Serotonin plays an important role 
in various diseases, such as neuropathological diseases 
like Parkinson's disease. For instance, serotonin agonists 
exacerbate the symptoms of the disease, and its antago-
nists have an improvement effect in this disease (20). Al-
so, changes in the gene expression of these 2 receptors in 
peripheral blood mononuclear cells of people with breast 
cancer impair the immune system and subsequently play 
an important role in the disease process. Another study 
also showed that the specific antagonists of 5HTR3A and 
5HTR2A (tropisetron and ketanserin) had an inhibitory 
effect on the growth and proliferation of breast cancer 
cells (18).  

Therefore, considering the apoptotic effect of these re-
ceptors' antagonists on breast cancer cells and the lack of 
studies about the variation of the gene expression of these 
receptors in the tumoral tissue, the necessity of examining 
changes in the mRNA expression of these receptors in 
tumoral compared to their nontumoral tissues seems to be 
inevitable.  

The aim of this study was to evaluate the serotonin re-
ceptors (5HTR2A and 5HTR3A) mRNA expression 
changes in tumoral tissue of breast cancer patients                                                            
compared to their marginal tissue.  

 
Methods 
Sampling 
The present study was conducted on 40 female breast 

cancer patients aged of 25-60 years through clinical and 
pathologic tests. Participants did not consume antidepres-
sants and corticosteroids, did not smoke, and have not 
undergone chemotherapy. A tumor tissue sample and a 
marginal zone tissue sample were taken from all partici-
pants. They were selected from patients referring to Imam 
Reza and Besat hospitals in 2017-2018, and they were 
recruited after providing a written consent according to 
the ethics committee of Islamic Azad University, Qom 
Branch, Iran (Code of ethics committee: IR.IAU. 
QOM.REC.1397.016). Also, patient consent was obtained 
according to the Declaration of Helsinki principles.  

 
Extraction of RNA from tissue 
RNA was extracted using TRIzol® (Life Sciences CO., 

USA). Immediately after removing from freezer at -70°C, 
the tissue was chopped with a scalpel, crushed, and pow-
dered using liquid nitrogen in a crucible, and transferred 
to a 1.5 tube with a scalpel. One milliliter of TRIzol was 
underwent 10 seconds of vortex, 5 minutes of incubation 
at room temperature, and 5 minutes of centrifuge at 4°C. 
The supernatant was discarded at 12 000 g. The middle 
layer contained RNA and was transferred to a new vial 
and the precipitation containing extracellular matrix, poly-
saccharides, and high-molecular-weight DNA was dis-
carded. Also, 200 μL of chloroform was added to the TRI-
zol solution containing RNA and was severely shook for 
15 seconds to mix TRIzol and chloroform (Vortex can 
also be used.). For the next, it was placed for 2-3 minutes 
at 25°C, then, centrifuged at the temperature of 4°C for 15 
minutes at 12 000 g. Three phases became visible. The top 
layer was a clear aqueous phase containing RNA; the 
middle layer was a white cloudy phase containing DNA; 
and the bottom layer contained TRIzol and protein. The 
upper phase was carefully transferred to a new vial. 
Moreover, 200 μL of 100% isopropanol was added to the 
vial. The vial was slowly turned upside down 3 times to 
mix the isopropanol with the aqueous phase containing 
RNA. It was then incubated for 20 minutes in freezer at -
20°C, then, centrifuged at 4°C for 10 minutes at 12 000 g. 
RNA precipitation is usually not visible, but sometimes a 
white deposit can be seen at the bottom of the vial. In ei-
ther case, the supernatant was carefully disposed. One 
milliliter of 75% ethanol was added to the precipitation 
and shaken to dissolve. It was then centrifuged at 4°C for 
10 minutes at 7500 g, then, the supernatant was carefully 
removed. The precipitate was stored at room temperature 
for 5 minutes, then, 50 μL of DEPC water was added. 
Microtubes were placed in a hot plate for 5 minutes at 
55°C until the precipitate was well dissolved. The solution 
containing the RNA was stored in a freezer at -70°C.  

 
Primer design 
To design primers for β-actin gene and other genes, nu-

cleotide sequence of the genes were first obtained from 
the nucleic acid database (www.ncbi.nlm.nih.gov). Then, 
primers were designed by Oligo-7 software and reblasted 
online to examine their specificity against the nucleic acid 
database (www.ncbi.nlm.nih.gov). Also, to avoid genomic 
DNA amplification, at least one of primers spans an exon-
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exon junction.  
 
RT-PCR 
Firstly, according to the existing concentrations of each 

RNA sample reported by the NanoDrop device, similar 
concentrations of the samples were prepared using the 
water present in the kit or DEPC water.  

To synchronize all extracted RNA samples, the RNA 
concentrations were determined using by NanoDrop 
equipment. To synthesize the first-strand cDNA, 1 micro-
liter of any extracted RNA sample was applied using the 
cDNA synthesis kit (Fermentas, Thermo Fisher Scientific, 
Germany). The cDNA synthesis was also performed ac-
cording to the manual of the company. The primers were 
peeked applying the Oligo7 software (www.oligo.net) for 
the 5HTR3A, 5HTR2A, and β -actin (as housekeeping) 
genes, according to the sequences submitted in the Gen-
Bank. The specificity and accuracy of these genes and the 
related nucleotides were investigated applying the BLAST 
online alignment software from the NCBI database 
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) (Table 1). 

To investigate the expression of the related mRNA of 
the 5HTR3A and 5HTR2A genes, the PCR technique was 
conducted for all tubes in a final volume of 20 μL with 1 
Unit of Taq DNA polymerase (CinnaGen, Iran). Reaction 
component included 2–2.5 mM MgCl2, 0.5 mM each of 
the dNTPs, 0.8–1pM primers, 2.5μL Taq DNA polymer-
ase (Sinagene, Iran), and for each RT-PCR reaction, 1 μL 
of the synthetized cDNA was applied as a template.  

For 5HTR3A, 5HTR2A, and b-actin genes amplifica-
tion, the initiation stage of the PCR program was at 95°C 
for 5 minutes and amplification was performed during 35 
cycles at 95°C for 50 seconds, 62°C for 5HTR3A and 
5HTR2A and beta actin genes for 40 seconds (annealing 
step) and 72°C for 1 minute (extension step), followed by 
a final extension step at 72°C for 10 minutes. Finally, the 
PCR products were visualized using the gel electrophore-
sis on a 2% agarose gel. To correctly confirm the primers, 
a positive control was applied. 

 
qRT-PCR (real-time PCR) 
A green master mix with fluorescence dye (SYBER 

GREEN Genaxxon kit, Germany) was applied to detect 
the cDNA amplification for performing and confirming 
the real time PCR, which is performed by monitoring, 
detecting, and computing the increase in fluorescence se-
verity and applying the specific primer pairs for 5HT2AR 
–forward, 5HT2AR –reverse (transcript I), 5HT3AR-
forward, 5HT3AR- reverse (transcript II), and β-actin (in-
ternal control) in a real time PCR instrument manufac-
tured by Bio Molecular Systems (BMS), Australia, based 
on the manufacturer’s instructions (21). 

 
Statistical analysis of qRT-PCR results 
To analyze the results of real time PCR, both ΔΔCt and 

2-ΔΔCt equations were used. The alteration of fold change 
was defined using 2-ΔΔCt and the changes in the gene ex-
pression levels were determined through ΔΔCt (14, 21). 
Because all types of tissue samples containing tumor, cor-
respond, and contra lateral breast samples were taken from 
1 person, the respective variation of various 5HTR3A and 
5HTR2A gene expression in the tissue samples were eval-
uated compared to the β-actin using the paired-samples t 
test. The correlation between the changes in mRNA ex-
pression rate of 5HTR3A and 5HTR2A and other quanti-
tative, qualitative, and clinicopathologic elements of the 
patients were determined. The Spearman and Pearson tests 
were applied to analyze the correlation of each mRNA 
level. One-way ANOVA test was performed to evaluate 
the changes of the various receptors in several steps, the 
pathological grade, and the lymphatic invasion condition 
releasing between 3 or more groups.  

All analyses were performed applying the SPSS 18 
software and R-Studio 1.0.136. In this project, p values 
less than 0.05 (p<0.05) were considered statistically sig-
nificant. 

 
Results 
5HTR2A and 5HTR3A serotonin receptor expression 

evaluation by RT-PCR  
After extraction of RNA and synthesis of cDNA, 

5HTR2A and 5HTR3A receptors expression was evaluat-
ed using specific primers for these genes for tumor and 
healthy samples. The results of RT-PCR showed the 
5HTR2A and 5HTR3A receptors investigated in this study 
were expressed in in tumor tissue of breast cancer patients 
(Fig. 1). 

 
5HTR2A and 5HTR3A serotonin receptor quantitative 

expression evaluation by qRT-PCR  
The results obtained from of real time PCR done using 

ΔΔCT method indicated increased expression of 5HTR2A 
and 5HTR3A genes in tumoral tissues of patients with 
breast cancer compared to their marginal tissues, where 
the 5HTR2A and 5HTR3A genes expression in tumor 
tissue was 3.12 and 3.24 times more than that of the mar-
ginal zone, respectively (Table 2). 

Gene expression level, which represents the distribution 
of real time PCR data also showed the increase in both 
5HTR3A and 5HTR2A gene expression (Fig. 2).  

 
 
 

Table 1. The sequence of primers used in this study and their specifications 
Accession number Amplicon size Primer sequence Gene 

NM001101.3 161bp 5'-AGACGCAGGATGGCATGGG-3'    B-actin-forward 
  5'-GAGACCTTCAACACCCCAGCC-3'  B-actin-reverse 

NM000621.4 184bp 5'-AGGTATATCCATGCCAATACCAGTC-3' 5HT2AR -forward 
  5' -AGCTTCTTTCTGGAGTGACTTGAT-3' 5HT2AR -reverse 

NM213621.3 286bp 5'-GCACACCATCCAGGACATCAAC-3' 5HT3AR-forward 
  5'-GACCCTCTCGCCACTGTTGG-3' 5HT3AR- reverse 
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Pathologic analysis  
Pathological studies were reported in our previous study 

(22), and in these 2 studies the tumor and healthy samples 
were obtained from the same participants; the information 

regarding pathological characteristics are shown in Tables 
3 and 4. The correlation and dependency between these 
information, containing pregnancy, lactation, menstrua-
tion, breastfeeding, and abortion (Table 3) were evaluated, 

 
 

Fig. 1. A) The bands associated with serotonin receptors 5HTR2A and 5HTR3A on gel electrophoresis: Well 1: Size marker 100 bp (Fermentas, 
USA), Well 2: 5HTR3A gene product expression in tumor tissue of breast cancer patients, Well 3: 5HTR2A gene product expression in tumor 
tissue of breast cancer patients. B)  The bands associated with beta- actin mRNA expression on gel electrophoresis as a positive control: Well 1: 
Size marker 100 bp (Fermentas, USA), Well 2: B- actin gene product expression in tumor tissue of breast cancer patients. 

 
Table 2. The results of the changes in the expression of the studied genes obtained by ΔΔCT analysis 

Gene expression P-value Standard error Ratio (× fold) Gene 
UP <0.001 ± 0.51 3/12 5HTR2A   
UP 0.047 ± 0.82 3/24 5HTR3A       

 

 

 
 
Fig. 2. 5HTR3A and 5HTR2A gene expression level changes in tumor samples compared to the marginal zone. 
A) 5HTR3A gene expression in the tumor tissues and marginal zone; B) 5HTR2A gene expression in the tumor tissues and marginal zone; C) 
5HTR3A and 5HTR2A gene expression in the tumor tissues and marginal zone based on fold changes. 
*: Significance level p<0.05,***: Significant level P<0.001 
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and their dependency with 5HTR3A and 5HTR2A gene 
expression was recognized. Also, some other demographic 
data related to the patients, including age, invasion to 
lymph nodes status, and their marital status, are shown in 
Table 4. 

 
Statistical analyses  
Clinical data continuity analysis also showed 5HTR2A 

and 5HTR3A gene expression level was significantly cor-
related with patients with a history of surgery (Cor= 
0.437, P = 0.037, N = 40).  

Lymph nodes invasion was also observed in people with 
increased 5HTR2A gene expression (Cancer cells were 
found in their lymph nodes.) (Cor = 0.53, P = 0.015, N = 
30). Also, the number of pregnancies was directly corre-
lated with miscarriage (Cor = 0.501, P = 0.015, N = 33). 
Studies show abortion has a significant relationship with 
family history (Cor = 0.426, P = 0.048, N = 40). The re-
sults of the study showed age has a significant relationship 
with pregnancy (Cor = 0.449, P = 0.032, N = 40).  

 
Sequencing  
The results of the sequencing confirmed the accuracy of 

the specific amplification of the genes examined in this 
study.  

 

Discussion 
According to the preliminary hypothesis, the results of 

this study were aimed at increased mRNA expression of 
serotonin receptors (5HTR2A and 5HTR3A) in the breast 
tumor tissue compared to the normal marginal zone. This 
could be due to the oncogenic role of these receptors in 
breast cancer and interference in the signaling pathways 
resulting in the induction of cell proliferation in cancerous 
cells. In previous studies, the mitogenic role of serotonin 
in prostate cancer has been revealed (22, 23). According 
to past results, the relationship between neurotransmitters, 
including serotonin, and breast cancer plays an important 
role in the development of tumor cells (24).  

Soll et al (2010) evaluated the role of serotonin in liver 
cancer and found serotonin stimulates the growth of tumor 
cells in liver cancer (25).  

Siddiqui EJ et al (2005) found serotonin is a growth fac-
tor in a variety of cancerous and noncancerous cells. In 
their study, serotonin was introduced as a tumor growth 
stimulator in a variety of cancers, including colon, lung, 
and prostate cancers. On the other hand, serotonin antago-
nists have been identified as growth-inhibiting agents in 
cancer cells, and these antagonists have been suggested as 
a proposed cancer treatment (26). In another study on the 
relationship between serotonin and bladder cancer, Sid-
diqui EJ et al found serotonin antagonists significantly 

Table 3. Mean of some clinical characteristics of breast cancer patients 
Breastfeeding (In Month) Abortion Pregnancy First Menstruation (By Age) Variables 

35 14 36 40 Numbers 
38.44±35.3 1.42±0.6 2.7±1.7 13±1.12 Means 

 
Table 4. Some clinical characteristics of breast cancer patients with numbers 

Numbers                      Variables 
14 (25-35) Age at diagnosis 
6 (35-45) 
7 (45-55) 
13 (more than 55) 
33 Married Marriage 
7 Unmarried 
15 Menopause Menopause 
25 Non-menopause 
33 Invasive ductal carcinoma (IDC) Invasive carcinoma 

Histology 4 Invasive lobular carcinoma (ILC) 
3 In situ ductal carcinoma (DCIS) 
6 Grade I Tumor grade 
13 Grade II 
18 Grade III 
3 Not assessed 
9 IA Stage 
4 IB 
0 IC 
16 IIA 
5 IIB 
0 IIC 
3 IIIA 
0 IIIB 
3 IIIC 
27 ER+ Positive Receptor status 
23 PR+ 
5 HER2+ 
10 ER+ Negative 
12 PR+ 
32 HER2+ 
3 ER+ Not assessed 
5 PR+ 
3 HER2+ 
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inhibit cell proliferation in bladder cancer with a high 
grade. These antagonists exert their effects through sero-
tonin receptors (27). Another study on the effect of sero-
tonin antagonists in prostate cancer found serotonin an-
tagonists, in addition to inhibiting the growth of cancer 
cells, induce apoptosis in these cells (28).  

A study by Atayi et al (2010) showed tumor receptors in 
colon cancer had increased mRNA expression in compari-
son to the normal cells (29). This indicates the association 
between increased serotonin receptors and colon cancer. 
Other studies discovered that serotonin receptors induce 
angiogenesis in lung cancer (24, 30).  

Dizeyi et al (2004) examined the role of serotonin re-
ceptors and their antagonists in prostate cancer. Their re-
sults illustrated that serotonin receptors had an increased 
mRNA expression in high-grade malignant tumors. On the 
other hand, serotonin receptor antagonists inhibit prolifer-
ation in prostate cancer cells (31).  

In a study by Hejazy et al (2015), 5HTR2A and 
5HTR3A antagonists could lead to the apoptosis of human 
breast cancer cells (MCF-7), and had an inhibitory effect 
on the proliferation of these cells. Their study showed the 
mitogenic role of serotonin receptors (18).  

In the present study, mRNA expression of 5HTR2A and 
5HTR3A serotonin receptors significantly increased in the 
tumor tissues by 3.12 and 3.24 times, respectively, com-
pared to healthy tissues surrounding the tumor.  

Therefore, considering the mitogenic effects of these re-
ceptors, and due to the increased mRNA expression of 
5HTR2A and 5HTR3A in tumor tissue in breast cancer 
patients, the mRNA expression of these receptors may be 
associated with the pathogenicity of cancer.  

In this study, individuals with increased 5HTR2A gene 
expression also had an invasion of lymph nodes. This in-
dicates the association between increased mRNA expres-
sion of this receptor and the increased risk of cancer cells 
invading the lymph tissue in these patients.  

Based on the above-mentioned studies, it can be con-
cluded that by inhibiting serotonin receptors, the angio-
genesis of cancer cells decreases and the growth of tumor 
masses diminishes. However, in some studies on liver 
cancer, reducing the mRNA expression of serotonin re-
ceptors increased the proliferation of cancer cells, which 
may be due to different cell models and the nature of the 
cells used (32). Another study also showed that high lev-
els of serotonin can induce the growth of cancer cells in 
lung cancer in experimental mice, and, on the other hand, 
lower serotonin levels reduce the growth of tumor cells in 
lung cancer in mice models (33). This suggests serotonin 
functions in accordance to its concentration in some can-
cers.  

 
Conclusion 
Hence, based on the proliferative effects of these recep-

tors on breast cancer cells, and considering the increase of 
these receptors in tumoral tissue, these arising can be ef-
fective in development of breast cancer. Although some 
complimentary studies are needed to approve the claim, 
according to the results of this study and those of previous 
studies, serotonin receptor mRNA expression can be con-

sidered a prediagnosis marker for breast cancer. Also, 
because of their increase in tumoral tissue, and consider-
ing the apoptotic effects of their antagonist on tumoral 
cells, serotonin receptor mRNA expressions may be con-
sidered a therapeutic target for breast cancer in future 
studies.   
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