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ABSTRACT

Background: Arterial hypertension (HT) is a major risk factor for cardiovascular disease; 
however, its underlying mechanisms, particularly in primary HT, remain largely unclear. 
This knowledge gap has hindered the development of effective treatment strategies. 
Transient receptor potential (TRP) channels, which play a critical role in signal transduc-
tion, have been implicated in HT based on previous studies in cell culture and animal mod-
els. This study is the first study to analyze aortic tissue from patients with primary HT.

Methods: Ascending aortic tissue samples, reflecting central blood pressure (BP), were 
collected from patients with chronic HT (n = 59) and normotensive controls (n = 22) 
undergoing coronary artery bypass graft surgery. Transient receptor potential channel 
mRNA expression was analyzed using quantitative real-time polymerase chain reaction. 
Subgroup analyses were performed to assess the influence of demographic characteris-
tics, biochemical parameters, antihypertensive medications, and coexisting cardiometa-
bolic conditions on gene expression.

Results: Although no significant differences were observed in TRPC1 and TRPV3 mRNA 
expression between HT and control groups, TRPC6, TRPV1, TRPV2, TRPV4, and TRPM8 
mRNA levels were significantly lower in patients with HT. TRPC6 expression showed a 
positive correlation with age, while TRPV1 expression demonstrated a negative correla-
tion with diastolic BP.

Conclusion: These findings suggest that TRP channels could serve as potential therapeu-
tic targets for HT and contribute to a better understanding of its pathogenesis.

Keywords: Aorta, calcium, expression, hypertension, transient receptor potential 
channels

INTRODUCTION

Transient receptor potential (TRP) channels are a superfamily of ion channels 
expressed in various tissues and cells. They play essential roles in numerous physi-
ological processes by responding to a wide range of stimuli, including changes in 
temperature, pH, ions (Ca2+ and Mg2+), hormones, inflammatory mediators, and 
oxidative stress.1 Transient receptor potential channels are classified into 6 sub-
families based on sequence homology: TRPC, TRPV, TRPM, TRPML, TRPA, and 
TRPP.2 These channels, widely expressed across different cell types, regulate ion 
homeostasis and influence intracellular signaling pathways, impacting both phys-
iological and pathological processes.1

In the cardiovascular system, TRP channels are present in endothelial cells (ECs), 
vascular smooth muscle cells (VSMCs), inflammatory cells, and cardiomyocytes. 
They participate in various physiological processes, including G protein-coupled 
or tyrosine kinase receptor signaling, mechanosensation, vasoconstriction/vaso-
dilation, proliferation, vascular permeability, and angiogenesis.1,3

Several TRP channel subtypes help regulate vascular resistance and arterial pres-
sure by modulating intracellular Ca2+ homeostasis and signaling, thereby signifi-
cantly influencing vascular tone. Dysfunctional TRP channel activity can impair 
vascular function and may contribute to hypertension (HT).4 Changes in TRP 
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channel expression have been linked to vascular dysfunction, 
remodeling, and inflammation in HT.1,4,5

While previous studies have investigated the relationship 
between TRP channel expression and HT pathogenesis pri-
marily in cell cultures and animal models no data are cur-
rently available on TRP channel expression in human aortic 
tissue from patients with HT.4,6-8 This study aims to explore 
the role of TRP channels in the pathogenesis of HT and 
their potential as therapeutic targets. The ascending aorta 
was selected for analysis as it best represents central blood 
pressure (BP) and systemic organ damage associated with 
chronic HT.

In this study, the authors assessed the expression of TRP 
channel members (TRPC1, TRPC6, TRPV1, TRPV2, TRPV3, 
TRPV4, and TRPM8) in the ascending aortas of patients with 
HT and normotensive controls undergoing coronary artery 
bypass grafting (CABG) for severe coronary artery disease 
(CAD).

METHODS

Patients and Methods
This study recruited 81 patients diagnosed with severe CAD 
who underwent CABG at the Cardiovascular Surgery Clinic 
between February 2021 and May 2022. A total of 64 male and 
17 female patients were included in the study.

Patients were categorized into 2 groups based on their HT 
status. The HT group (n = 59) included patients with a his-
tory of HT and/or high BP, confirmed through BP measure-
ments according to the European Society of Cardiology/
European Society of Hypertension (ESC/ESH) guidelines 
(Table 1).

Among these patients, 53 were receiving at least 1 antihy-
pertensive medication from various drug classes, while 6 
were not undergoing any regular treatment for HT before 
surgery. The control group (n = 22) included patients with no 
prior history of HT or high BP. These patients maintained a 
systolic blood pressure (SBP) below 140 mmHg and a diastolic 
blood pressure (DBP) below 90 mmHg during both preopera-
tive evaluations and hospital follow-up.

Of the 59 patients in the HT group, 34 had concurrent 
DM, 53 had dyslipidemia, and 22 had obesity. Among the 
22 patients in the control group, 8 had DM, 18 had dyslip-
idemia, and 9 had obesity. Subgroup analyses were con-
ducted based on comorbidities, including diabetes mellitus 
(DM), dyslipidemia, and obesity, in both the HT and control 
groups.

Exclusion Criteria
Patients under 18 years of age, pregnant individuals, and 
those with vasculitis, autoimmune diseases, severe kidney or 
liver disease, or a history of cancer were excluded from the 
study (Table 1).

This study was approved by the Clinical Research Ethics 
Committee (Approval Date: January 27, 2021; Approval 
Number: 13). Written informed consent was obtained from 
all patients. No artificial intelligence technology was used in 
this study.

Echocardiography
Echocardiography was performed to evaluate left ventricu-
lar interventricular septum thickness (IVSD), left ventricular 
end-diastolic diameter (LVEDD), left ventricular ejection 
fraction (EF), and ascending aorta diameter in both groups.

Biochemical Analysis
Venous blood samples were collected from each patient 
following an overnight or at least 8-hour fasting period. 
Routine biochemical analyses were conducted using stan-
dart laboratory techniques at the Clinical Biochemistry 
Laboratory.

Human Aorta Samples
Ascending aorta tissue samples (2-3 mm) were collected from 
patients who met the inclusion criteria and provided written 
informed consent. These samples were obtained during the 
aortic incision for aortic cannulation during CABG. The tissue 
samples were stored at −20°C in RNA Save stabilization solu-
tion (Biological Industries, Israel) until analysis.

RNA Isolation and Real-Time Polymerase Chain Reaction
Total RNA was isolated from ascending aorta samples using 
NucleoZOL® (Macherey-Nagel GmbH & Co. KG, Germany) 
following the manufacturer’s protocol. RNA quantity and 
purity (260/280 nm ratio) were assessed using a NanoDrop 
ND-1000 spectrophotometer (Thermo Scientific, Waltham, 
MA, USA). Reverse transcription was performed using 
the OneScript® Plus Reverse Transcriptase kit with an 
RNAse inhibitor (Applied Biological Materials, Canada). 
Quantitative real-time polymerase chain reaction (RT-PCR) 
was conducted using SYBR Green analysis (HOT FIREPol® 
SolisGreen® qPCR Mix 5x, Solis BioDyne, Estonia) on a QIAGEN 
Rotor Gene Q device (Corbett Research Pty Ltd, Australia), 
according to the manufacturer’s instructions. Primers for 
TRPC1, TRPC6, TRPV1-4, and TRPM8 (Macrogen, Türkiye) 
were validated to confirm the amplification of a single PCR 
product of the expected size (Supplementary Table 1). No 
signal was detected where reverse transcription was omit-
ted. Gene expression levels were normalized to the endog-
enous reference gene beta-actin (ACTB) and analyzed using 
the 2−ΔΔCt method: ΔCt = CtTRP – CtACTB, where Ct repre-
sents the threshold cycle.

Statistical Analysis
Data are presented as mean ± standard error of the mean 
(SEM). The Shapiro-Wilk test was used to assess normal-
ity. The Student’s t-test was applied to normally distributed 
data, while the Mann–Whitney U-test was used for non-nor-
mally distributed data. Due to the non-normal distribution 

HIGHLIGHTS
• TRPC6, TRPV1/2/4, and TRPM8 are downregulated in 

the aortas of patients with HT.
• TRPC6 channel expression increases with age in the 

human aorta.
• Altered TRP channel expression may play a role in the 

pathogenesis of HT.
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of expression data, Spearman’s rank correlation coefficient 
was used to analyze correlations. All statistical analyses 
were performed using SPSS software (version 26). A P-value 
< .05 was considered statistically significant.

RESULTS

Demographic, Clinical, and Biochemical Characteristics of 
Patients
Table 2 summarizes the demographic and clinical profiles of 
study participants. The HT and control groups had similar 
average age, sex distribution, DBP, prevalence of comorbidi-
ties (DM, dyslipidemia, and obesity), and laboratory param-
eters (Supplementary Table 2). However, patients with HT 
had significantly higher SBP (P = .019), IVSD (P = .008), and 
LVEDD (P = .003). Six patients (10.1%) in the HT group were 
not receiving regular antihypertensive medications. Details 
regarding the number and classes of medications used by 
patients with HT are provided in Table 2.

Transient Receptor Potential Channel Expression in Aortic 
Tissue
mRNA levels of TRPC6, TRPV1, TRPV2, TRPV4, and TRPM8 
were significantly lower in the aortas of patients with HT 
compared to normotensive controls (P = .006, P= .001, P = .019, 
P = .004, and P = .030, respectively). TRPC1 and TRPV3 
expression showed a decreasing trend, although the differ-
ences were not statistically significant (P = .085 and P = .169) 
(Figure 1).

To further investigate the role of individual TRP channel 
isoforms in HT, gene expression was analyzed in subgroups 
defined by various clinical characteristics.

TRPC6 mRNA Expression Increases with Age Aortic Tissue
In the HT group, TRPC6 expression was higher among 
patients aged over 65 years (n = 34) than among those aged 
40-65 years (n = 25) (P = .010) (Supplementary Table 3).

Transient Receptor Potential Channel mRNA Expression in 
Patients with Hypertension Based on Antihypertensive 
Drug Use
The relationship between TRP channel expression and anti-
hypertensive treatment was assessed. No significant dif-
ferences were observed in TRP mRNA levels based on the 
number of medications used (Supplementary Figure 1). 
However, patients treated with CCBs exhibited lower TRPM8 
mRNA levels compared to those not using CCBs (P = .033) 
(Supplementary Figure 2).

Transient Receptor Potential Channel Expression and 
Comorbidities
Dyslipidemia, a comorbidity accompanying HT, was 
observed in almost all patients in this study. To exclude the 

Table 1. Inclusion and Exclusion Criteria for the Study

Inclusion Criteria Exclusion Criteria

Study (HT) group
Age ≥18 patients with a history of HT who are under antihypertensive drug treatment and/or SBP ≥140 mm 
Hg and DBP ≥90 mm Hg, who are scheduled for CABG surgery due to CAD.
Control group
Age ≥18 patients without a history of HT and not under any antihypertensive drug treatment, and SBP 
<140 mm Hg and DBP <90 mm Hg, who are scheduled for CABG surgery due to CAD.

Age <18
Pregnancy
Vasculitis
Autoimmune diseases
Serious kidney and/or 
liver disease
History of cancer

CABG, coronary artery bypass graft surgery; CAD, coronary artery disease; DBP, diastolic blood pressure; HT, hypertension; SBP, systolic blood 
pressure.

Table 2. Baseline Demographic and Clinical Characteristics of 
Hypertension Patients and Controls

 
Hypertension 

(n = 59)
Control 
(n = 22) P

Age (years) 65.1 ± 1.17 60.1 ± 1.8 .077

Gender

 Male (n, %) 45 (76.3) 19 (86.4) .321

 Female (n, %) 14 (23.7) 3 (13.6)  
**Systolic BP (mm Hg) 133.6 ± 1.7 126.8 ± 1.8 .019*
**Diastolic BP (mm Hg) 72.8 ± 1.2 73.3 ± 1.6 .893

BMI (kg/m2) 29.9 ± 0.63 28.8 ± 0.85 .336

Echocardiography parameters

 IVSD (cm) 1.24 ± 0.02 1.12 ± 0.03 .008*

 LVEDD (cm) 1.11 ± 0.02 1.01 ± 0.02 .003*

 Ao diam (cm) 4.25 ± 0.54 3.65 ± 0.09 .553

 LVEF (%) 49.3 ± 1.38 52.4 ± 2.24 .230

Comorbidities

 Diabetes mellitus (n, %) 34 (57.6) 8 (36.4) .088

 Dyslipidemia (n, %) 53 (89.8) 18 (81.8) .330

 Obesity (n, %) 22 (37.3) 9 (40.9) .089

Antihypertensive drugs (monotherapy or combination)

 None 6 (10.2) 22 (100)  

 Diuretics (n, %) 33 (55.9) –  

 ACEIs/ARBs (n, %) 26 (44.1) –  

 β-blockers (n, %) 34 (57.6) –  

 CCBs (n, %) 16 (27.1) –  

Number of antihypertensive drugs

 0 (n, %) 6 (10.2) 22 (100)  

 1 (n, %) 13 (22.0) –  

 2 (n, %) 19 (32.2) –  

 3 (n, %) 13 (22) –  

 4 (n, %) 8 (13.6) –  
Values are presented as mean ± SEM or as a percentage. ACEIs, 
angiotensin-converting enzyme inhibitors; Ao diam, aortic diameter; 
ARBs, angiotensin II receptor blockers; BP, blood pressure; CCBs, 
calcium channel blockers; IVSD, interventricular septal end diastole; 
LVEDD, left ventricle end-diastolic diameter; LVEF, left ventricle 
ejection fraction. *P < .05. **53 patients (89.8%) in the HT group were on 
antihypertensive drug therapy. 
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effects of DM on TRP channel expression, a separate analy-
sis was performed for HT patients without DM (n = 25) and 
normotensive patients without DM (n = 14). This analysis 
revealed significant decreases in TRPC6, TRPV1, TRPV2, and 
TRPV4 expression in the HT group (P = .001, P = .001, P = .030, 
and P = .005, respectively). Similarly, a separate analysis was 
performed for HT patients without obesity (n = 37) and nor-
motensive patients without obesity (n = 13) to exclude the 
effect of obesity. Among patients without obesity, a signifi-
cant decrease in TRPC6, TRPV1, TRPV4, TRPM8 expression 
was observed in patients with HT compared to those who 
were normotensive (P = .039, P = .003, P = .014, and P = .021, 
respectively).

In addition, TRP channel expression was analyzed in both 
groups, stratified by the presence of DM, hyperlipidemia, 
and obesity. No significant differences in TRP gene expres-
sion were observed based on these comorbidities. In the con-
trol group, TRPC6 expression showed a non-significant trend 
towards lower levels in patients with DM (P = .088). Similarly, 
in the HT group, TRPV3 expression showed a non-signifi-
cant trend toward lower levels in obese patients compared 
to those with normal weight (P = .136). Interestingly, TRPV1 
expression was negatively correlated with body mass index 
(BMI) in male patients (r = −0.248, P = .048).

TRPV3 and TRPV4 Expression in the Aorta Negatively 
Correlates with Left Ventricular Ejection Fraction in 
Hypertension Group
Neither LVEDD nor ascending aortic diameter showed sig-
nificant correlations with TRP gene expression levels in the 
group (P > .05). However, TRPC1 gene expression showed 
a borderline positive correlation with left ventricular IVSD 
(P = .050). Notably, significant negative correlations were 
observed between TRPV3 and TRPV4 expression and left 
ventricular EF in the HT group (r = −0.315, P = .018; r = −0.298, 
P = .026, respectively).

TRPV1 Expression Negatively Correlates with Diastolic 
Blood Pressure in Patients with Hypertension
No significant correlations were found between TRP channel 
mRNA levels and SBP in the HT group, nor between SBP and 
DBP in the control group. However, TRPV1 expression showed 
a significant negative correlation with DBP in the HT group 
(r = −0.317, P = .014).

Correlations Between Transient Receptor Potential Channel 
Expression and Calcium/Magnesium Levels
No significant correlations were observed between TRP 
expression and serum calcium or magnesium levels in the 
HT group. In contrast, the control group exhibited signifi-
cant negative correlations between TRPC6, TRPV1, TRPV2, 
TRPV4, and TRPM8 and serum calcium, along with positive 
correlations between TRPC6, TRPV2, TRPV3, and TRPM8 
and magnesium levels (P < .05).

Correlation Between Transient Receptor Potential Channel 
Expressions and Plasma Total Cholesterol
In the HT group, TRPV4 and TRPM8 expression were posi-
tively correlated with plasma total cholesterol (r = 0.348, 
P = .009; r = 0.268, P = .046, respectively). The control group 
also demonstrated a positive correlation between TRPV3 
expression and plasma total cholesterol (r = 0.436, P = .048).

Visual summary of the article can be seen in Figure 2.

DISCUSSION

This study provides the first human data on TRP channel 
gene expression in the aorta of patients with HT compared 
to normotensive controls undergoing CABG for severe CAD. 
The authors’ findings suggest that decreased mRNA levels 
of TRPC6, TRPV1, TRPV2, TRPV4, and TRPM8 in the aortas of 
patients with HT may contribute to HT pathogenesis.

TRPC1 is primarily expressed in VSMCs and ECs and in VSM 
contraction, endothelial-mediated vasodilation, proliferation, 

Figure  1. Comparison of aorta mRNA TRPC1, TRPC6, TRPV1, TRPV2, TRPV3, TRPV4, and TRPM8 gene expression levels in HT 
(hypertension) group (n = 59, dark bars) and the NT (normotensive) group (n = 22, light bars). Values are given as mean + SEM, P= 
.085, P= .006, P= .001, P= .019, P= .169, P= .004, and P= .030 values were obtained for TRPC1, TRPC6, TRPV1, TRPV2, TRPV3, 
TRPV4, and TRPM8, respectively. *P < .05
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migration, and arterial remodeling.3,9 While previous stud-
ies have reported conflicting results regarding the relation-
ship between HT and TRPC1 expression, this study found 
decreased TRPC1 expression in patients with HT.9-11 Consistent 
with findings suggesting a role for TRPC1 in VSM hyperplasia, 
the authors observed a positive correlation between TRPC1 
expression and left ventricular IVSD in this study.9

TRPC6 is widely expressed in vascular tissues and plays a crit-
ical role in BP regulation.3 By mediating both receptor-acti-
vated and pressure-dependent increases in cytosolic Ca2+ in 
VSMCs, TRPC6 significantly contributes to vascular tone.12 
Studies in TRPC6-knockout mice have shown increased BP 
and enhanced vasoconstriction, highlighting its role in BP 
regulation.13 While previous animal studies have reported 
increased or unchanged TRPC6 expression in HT, this study 
found decreased TRPC6 expression in the aortas of patients 
with HT.11,14-16 Given that TRPC6 expression may vary based 
on factors such as species, sex, age, and tissue type, the 
authors’ findings are particularly important as they provide 
the first data on human vascular tissue. Furthermore, the 
age-related increase in TRPC6 expression observed in the 
human ascending aorta aligns with studies linking abnormal 
TRPC6 activity in VSMCs to impaired vascular tone regula-
tion with aging.9,17-19

TRPV1 plays a key role in regulating vascular tone and arte-
rial BP. Studies in rats have demonstrated that TRPV1 gene 
deletion increases BP, heightens salt sensitivity, wors-
ens salt-induced HT, and exacerbates renal inflammatory 
responses and damage.20-23 Consistent with these findings, 
the authors observed decreased TRPV1 expression in the 
aortas of patients with HT. This aligns with a previous study 
by Wang et al. (2006),24 which reported lower TRPV1 expres-
sion in the mesenteric arteries of rats with salt-induced HT. 
Furthermore, the authors’ observation of a negative corre-
lation between TRPV1 expression and DBP is consistent with 

prior studies linking TRPV1 gene polymorphisms to DBP.25 
Collectively, these findings suggest that reduced TRPV1 
expression contributes to HT development.

TRPV2 is involved in vasomotor regulation in response to 
mechanical stress and temperature changes.26,27 As this 
study is the first to examine the relationship between 
TRPV2 expression and HT, the authors’ findings suggest that 
decreased TRPV2 expression, which plays a role in vasomo-
tor responses, may contribute to HT pathogenesis by impair-
ing vascular regulation.

TRPV3 is activated by temperature (>30°C) and specific 
ligands such as carvacrol and thymol and serves as a key reg-
ulator of vascular thermoregulatory mechanisms.28 However, 
no studies have previously examined its relationship with HT. In 
addition to observing a decreasing trend in TRPV3 expression 
in patients with HT, the authors found that TRPV3 expres-
sion was lower in patients with obesity and HT than in those 
with normal weight. Similar findings have been reported in 
previous studies, which demonstrated that TRPV3 activation 
promotes lipolysis and reduces diet-induced obesity.29 These 
results suggest that reduced TRPV3 expression may contrib-
ute to both obesity and obesity-related HT.

TRPV4 has been widely studied for its roles in vasodila-
tion, vasoconstriction, vascular permeability, remodel-
ing, and injury.30-34 Similar to the authors’ findings, studies 
in experimental animal models have reported decreased 
TRPV4 expression and/or function in HT.35-38 These results 
suggest that the loss of endothelial TRPV4 function due to 
reduced TRPV4 expression may contribute to HT pathogen-
esis. Additionally, several studies have suggested that sex-
based differences in HT pathogenesis may be influenced by 
TRPV4.39,40 Notably, TRPV4 expression increased with age 
only in females, supporting the hypothesis that TRPV4 plays 
a role in sex-specific differences in HT.

Figure 2. A visual summary of the article.
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TRPM8 is a non-selective cation channel permeable to Ca2+, 
primarily recognized as a physiological sensor of environ-
mental cold. TRPM8 activation influences vascular function 
and BP regulation.41 Consistent with the authors’ findings, 
experimental HT models have reported decreased TRPM8 
expression.42,43 These results suggest that TRPM8 func-
tional loss due to reduced expression may contribute to HT 
pathogenesis.

Various studies have demonstrated that antihypertensive 
drugs can influence TRP channel expression.44-47 In this study, 
patients using CCBs exhibited lower TRPM8 expression. 
However, since most patients were receiving multiple antihy-
pertensive drugs and due to the small sample size, it remains 
uncertain whether this reduction was specifically due to CCB 
use or influenced by other factors, such as HT pathophysiol-
ogy or concomitant medication use. Larger studies focusing 
on single-drug interventions are needed to clarify the role of 
CCBs in modulating TRPM8 expression.

In this study, most patients had DM, dyslipidemia, and obe-
sity, along with HT. Notably, these diseases may influence 
TRP channel expression.48-50 Therefore, to exclude the possi-
ble effects of DM and obesity on TRP channel expression, the 
authors conducted a separate analysis between the HT and 
control groups in patients without these comorbidities. The 
authors observed significant decreases in TRPC6, TRPV1, 
TRPV2, and TRPV4 expression in the HT group, underscoring 
the effect of HT on TRP channel expression.

Additionally, the authors examined potential associations 
between TRP channel expression and comorbidities such 
as DM, obesity, and dyslipidemia. When the authors com-
pared TRP channel expression in patients with and without 
DM, dyslipidemia, and obesity between the HT and con-
trol groups, the authors observed no significant differences 
based on these comorbidities. Nevertheless, the observed 
trend of decreased TRPC6 expression in patients with DM 
in the control group aligns with studies showing that high 
glucose levels downregulate TRPC6 expression.48 The nega-
tive correlation between TRPV1 expression and BMI in male 
patients with HT suggests a potential role for TRPV1 in 
obesity-related HT in males. This is consistent with findings 
demonstrating that TRPV1 deficiency exacerbates obesity-
related HT by impairing mitochondrial Ca2+ homeostasis in 
brown adipose tissue.49

Given the regulatory role of cholesterol in TRP channel activ-
ity, the authors also investigated the relationship between 
serum total cholesterol levels and TRP channel expression.50 
Despite most patients being on statin therapy for CAD, the 
authors observed positive correlations between total cho-
lesterol levels and TRPV3, TRPV4, and TRPM8 expression, 
suggesting cholesterol’s regulatory effects of cholesterol on 
these channels. Additional studies with larger patient popu-
lations may further elucidate the impact of these comorbidi-
ties on TRP channel expression.

In summary, this study is particularly significant as it is the 
first to investigate TRP channel expression in human vas-
cular tissue, specifically in the ascending aorta, which 

best reflects central BP. The authors’ findings suggest that 
altered TRP channel expression may play a critical role in HT 
pathogenesis.

Study Limitations
First, this study included a relatively small number of normo-
tensive patients, particularly female patients, undergoing 
CABG for severe CAD compared to the HT group. Second, 
variations in cardiovascular and other medications used in 
both groups may have influenced TRP gene expression to 
different extents. Third, due to the limited tissue sample 
size, the authors were only able to analyze mRNA expression 
rather than protein expression, which provides functional 
insights. Fourth, baseline data showed that 89.1% of patients 
with HT were receiving antihypertensive drugs, making it 
difficult to isolate the direct effects of HT on TRP expression. 
Fifth, environmental factors such as stress, air pollution, diet, 
and tissue collection time can affect gene expression, and 
these variables were not controlled for in this study. Lastly, 
analyzing the entire vascular tissue prevented us from dis-
tinguishing VSM-specific and endothelium-specific changes 
in gene expression, limiting the authors’ understanding of 
the specific cell types involved in TRP channel dysregulation 
in HT.

Future large-scale clinical studies could provide deeper 
insights into the changes in TRP channel expression and func-
tion in HT, as well as the underlying mechanisms. This may 
ultimately contribute to the development of more effective 
treatment strategies for HT.

CONCLUSION

In conclusion, the authors’ findings indicate downregula-
tion of TRP channel gene expression (TRPC6, TRPV1, TRPV2, 
TRPV4, and TRPM8) in ascending aortic tissue from patients 
with HT. Notably, TRPC6 expression increased with age in 
the HT group. These findings suggest that TRP channels 
may serve as promising therapeutic targets for HT preven-
tion and treatment. This study paves the way for develop-
ing more effective strategies for HT management. Further 
research is needed to fully elucidate the role of TRP channels 
in HT pathogenesis.
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Supplementary Table 1. Primer Sequences Used for 
Amplification in qRT-PCR of Housekeeping Gene (ACTB) and 
of the Genes of Interest

Official 
gene 
symbol

Official Gene Name
Primer Sequences (5’→ 3’)

ACTB beta-actin
Forward: CGACAGGATGCAGAAGGAGAT
Reverse: CAAGAAAGGGTGTAACGCAACTA

TRPC1 transient receptor potential cation channel 
subfamily C member 1
Forward: CCAAACTGCTGGTGGCAATGCT
Reverse: GGAATGATGTTGAAAGGTGGAGG

TRPC6 transient receptor potential cation channel 
subfamily C member 6
Forward: GCAGACAATGGCGGTCAAGTTC
Reverse: AATGGTGAAGGAGGCTGCGTGT

TRPV1 transient receptor potential cation channel 
subfamily V member 1
Forward: GTGGACAGCTACAGTGAGATGC
Reverse: GGAAGCCACATACTCCTTGAGG

TRPV2 transient receptor potential cation channel 
subfamily V member 2
Forward: CATCTTCACCGCTGTTGCCTAC
Reverse: CCTAGCAGGATAAGGATGTGGC

TRPV3 transient receptor potential cation channel 
subfamily V member 3
Forward: ATCCTACTGCGGAGTGGCAACT
Reverse: CGCTTCTCCTTGATCTCACGAC

TRPV4 transient receptor potential cation channel 
subfamily V member 4
Forward: TCACTCTCACCGCCTACTACCA
Reverse: CCCAGTGAAGAGCGTAATGACC

TRPM8 transient receptor potential cation channel 
subfamily M member 8
Forward: CTGGTTGCGAACTTCCGAAGAG
Reverse: GGTGCCGAGTAATAGGAGACAC

Supplementary Table 3. Comparison of TRP Channel 
Expression According to Age Groups in Patients with 
Hypertension

 40-65 Age (n=25) >65 Age (n=34) P

TRPC1 0.46 [0.33-0.81] 0.65 [0.42-1.13] .243

TRPC6 0.11 [0.02-0.51] 0.50 [0.12-1.62] .010*

TRPV1 0.07 [0.02-0.45] 0.26 [0.07-0.73] .139

TRPV2 0.22 [0.10-0.79] 0.57 [0.15-1.68] .289

TRPV3 0.28 [0.04-1.81] 1.02 [0.22-1.92] .116

TRPV4 0.24 [0.05-0.77] 0.39 [0.12-1.64] .095

TRPM8 0.43 [0.01-1.40] 0.32 [0.08-1.30] .502
Data are presented as median [25%-75% interquartile range]. *P<.05.

Supplementary Table 2. Biochemical Parameters of 
Hypertension and Control Groups

 
Hypertension 

(n=59)
Control 
(n=22) P

Glucose (mg/dL) 169.3 ± 13.5 128 ± 9.9 .296

HbA1C (%) 7.5 ± 0.3 7.3 ± 0.6 .660

BUN (mg/dL) 17.2 ± 0.75 14.7 ± 0.83 .067

Serum creatinine (mg/dL) 0.92 ± 0.03 0.95 ± 0.05 .423

eGFR (mL/min) 82.1 ± 2.1 83.9 ± 4.2 .899

Serum sodium (mmol/L) 138.2 ± 0.49 139.6 ± 0.55 .592

Serum potassium (mEq/L) 4.51 ± 0.1 4.48 ± 0.1 .767

Serum calcium (mg/dL) 9.13 ± 0.07 8.99 ± 0.15 .375

Serum magnesium (mg/dL) 2.03 ± 0.39 1.93 ± 0.06 .563

Uric acid (mg/dL) 5.75 ± 0.23 5.42 ± 0.38 .440

ALT (U/L) 23.2 ± 2.15 24.2 ± 2.87 .401

AST (U/L) 33.0 ± 3.93 25.6 ± 3.16 .869

Total protein (mg/dL) 67.3 ± 0.88 66.1 ± 1.25 .451

Albumin (mg/dL) 42.0 ± 0.59 41.6 ± 1.01 .541

Cholesterol (mg/dL) 172.9 ± 7.13 171 ± 6.97 .768

HDL (mg/dL) 41.4 ± 1.04 43.1 ± 2.38 .563

LDL (mg/dL) 113.3 ± 6.08 114.6 ± 6.53 .943

Triglycerides (mg/dL) 164.6 ± 13.6 155.7 ± 18.9 .892

Hemoglobin (mg/dL) 13.9 ± 0.24 13.9 ± 0.39 .926

WBC (109/L) 9.67 ± 0.48 9.25 ± 0.63 .811
Data are presented as mean ± SEM. ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; BUN, blood urea nitrogen; eGFR, 
estimated glomerular filtration rate; HbA1C, glycated hemoglobin; 
HDL, High-density lipoprotein; LDL, low-density lipoprotein; WBC, 
white blood cell count.



Supplementary Figure 2. Comparison of aorta mRNA TRPC1, TRPC6, TRPV1, TRPV2, TRPV3, TRPV4, and TRPM8 gene expression 
levels in HT (hypertension) group according to antihypertensive drug use. Values are given as mean+SEM. CCBs: Calcium channel 
blockers, RAASi: Renin-angiotensin-aldosterone system inhibitors. HT-using diuretics group vs. HT-not using antihypertensive 
drugs group: P=.456, P=.342, P=.857, P=.587, P=.200, P=.794, and P=.066. HT-using RAASi group vs. HT-not using antihypertensive 
drugs group: P=.447, P=.447, P=.897, P=.592, P=.184, P=.926, and P=.065. HT-using beta blockers group vs. HT-not using 
antihypertensive drugs group: P=.458, P=.391, P=.505, P=.835, P=.481, P=.690, P=.083. HT-using CCBs group vs. HT-not using 
antihypertensive drugs group: P=.494, P=.449, P=.802, P=.693, P=.367, P=.858, and P=.033 values were obtained for TRPC1, 
TRPC6, TRPV1, TRPV2, TRPV3, TRPV4, and TRPM8, respectively. *: P<.05

Supplementary Figure 1. Comparison of TRPC1, TRPC6, TRPV1, TRPV2, TRPV3, TRPV4, and TRPM8 mRNA Levels in the Aorta of 
Control and HT Groups According to Antihypertensive Drug Use. HT-not using antihypertensive drug group (n=6) vs. control 
group (n=22); P=1.000, P=.365, P=.024, P=.460, P=.935, P=.039, P=.643. HT-using one antihypertensive drug group (n=13) vs. 
control group; P=.389, P=.216, P=.007, P=.448, P=.578, P=.121, P=.216. HT-using two antihypertensive drugs group (n=19) vs. 
control group; P=.205, P=.056, P=.003, P=.053, P=.067, P=.032, P=.030. HT-using three antihypertensive drugs group (n=13) vs. 
control group (n=22); P=.113, P=.005, P=.016, P=.062, P=.428, P=.022, P=.085. HT-using four antihypertensive drugs group (n=8) 
vs. control group (n=22); P=.097, P=.037, P=.215, P=.037, P=.842, P=.215, P=.124 values are obtained for TRPC1, TRPC6, TRPV1, 
TRPV2, TRPV3, TRPV4, and TRPM8, respectively. *: P<.05.


