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GRK4 variant influences the antihypertensive effect
and target organ protection of losartan
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Abstract: Background: The control of essential hypertension (EP) is not ideal. G protein-coupled receptor kinase 4
(GRK4) is found to play an important role in the development of hypertension. The role of genetic variants in the
efficacy of antihypertensive drugs has attracted more attention. The goal of this study was to analyze the effects
of GRK4 variants on the antihypertensive efficacy of losartan and the precise treatment of target organ protection.
Methods: The untreated and diagnosed hypertensive patients in our hospital were selected. The distribution of
GRK4 variants was detected by polymerase chain reaction (PCR) amplification method. Losartan was administered
to patients for 4 weeks. The patients were divided into wild type and mutant type groups according to the GRK4 mu-
tation. The blood pressure drop amplitude, blood pressure peak-to-peak ratio (T/P), blood pressure morning peak,
and blood pressure smoothing index (SI) were recorded. Echocardiographic ejection fraction (EF), left ventricular
end-systolic diameter (LVESD), left ventricular thickness, left ventricular end-diastolic diameter (LVEDD), and ala-
nine aminotransferase (ALT) were measured. Aspartate aminotransferase (AST), total cholesterol (TG), triglyceride
(TC), blood urea nitrogen (BUN), serum creatinine (Scr), blood B2-microglobulin (32-MG), and uric acid were also
tested. Results: A total of 312 patients were enrolled in the study, including 72 (72/312, 23.1%) of GRK4 wild-type
and 240 (240/312, 76.9%) of GRK4 variants. After treatment with losartan, the blood pressure drop and blood
pressure T/P, blood pressure morning peak, and blood pressure S| in GRK4 variant patients were significantly
changed compared with GRK4 wild-type group (P < 0.05). Among them, the change of GRK4 variant A142V was
more significant. Conclusion: Losartan showed more significant antihypertensive effect on patients with GRK4 vari-
ants. The most significant improvement was observed in patients with GRK4 variant A142V, indicating that the
target organs in patients with GRK4 variants might be protected after administration.
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Introduction as step-by-step treatment with drugs and com-
bination therapy, the current control of hyper-
tension is not ideal. The control rate of hyper-

tension in China is only 6.1%. Even in the devel-

Essential hypertension (EP) refers to the in-
crease in blood pressure that cannot determine

the exact causes. It is one of the most common
diseases in the cardiovascular system. The
prevalence of EP is obviously increased around
the world, and it is as high as 20% in China [1,
2]. EP can cause complications in heart, liver,
and kidney, which can lead to left ventricular
hypertrophy, congestive heart failure, renal
arteriosclerosis, renal failure, and liver damage
[3]. Hypertension and its complications have
become the leading disease affecting human
health. Prevention and treatment of hyperten-
sion can significantly reduce the incidence of
cardiovascular and cerebrovascular diseases
[4, 5]. Although there are many methods such

oped countries such as the United States, the
control rate of hypertension is only 34% [6, 7].

The pathogenesis of EP is related to several
factors, including neurohumoral factors, physi-
cal and chemical factors, genetic factors, and
environmental factors [8]. Humoral factors,
such as angiotensin, dopamine, natriuretic pep-
tides, and vasopressin are regulated by G-pro-
tein coupled receptors, while G-protein coupled
receptor kinase (GRK) is a key kinase that regu-
lates G-protein coupled receptor [9]. GRK is a
serine/threonine protein kinase family with
seven GRK subtypes. It is found to be widely
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expressed in tissues and organs except GRK4
[10, 11]. Although GRK4 is expressed only in a
few tissues, such as the brain, kidney, myome-
trium, and testis, it is found to play a crucial role
in the development of EP [12]. It was confirmed
that the role of genetic variants in influencing
the efficacy of antihypertensive drugs has at-
tracted attention [13]. At least six variants of
GRK4 have been found (A142V, A486V, R65L,
V2471, A253T, and G562D). It was confirmed
that GRK4 variants A142V, A486V, and R65L
can enhance GRK4 activity [14-16]. The goal of
this study was to analyze the effects of GRK4
variants on the antihypertensive efficacy of
losartan in the treatment of EP.

Materials and methods
General information

312 cases of untreated hypertension patien-
ts in Bishan District People’s Hospital from
January 2017 to December 2017 were enrolled,
including 186 males and 126 females with
mean age of 35.2+5.6 (18-55) years old.
Inclusion criteria [4]: systolic blood pressure >
140 mmHg and/or diastolic blood pressure <
90 mmHg, mild to moderate hypertension.
Exclusion criteria [4]: history of secondary hy-
pertension; malignant hypertension, stroke, pe-
ripheral vascular disease, old myocardial infarc-
tion; previous treatment of percutaneous coro-
nary intervention (PCl); combined with cardio-
myopathy, pericardium disease, or infective
endocarditis; acute heart failure; presence of
infectious diseases, malignant tumors, severe
diabetes, severe liver and kidney disease, sys-
temic immune diseases, and malignant tumor
complications. This study was approved by the
Medical Ethics Committee of Bishan District
People’s Hospital (Chongging, China). All legal
guardians who were selected for the study had
signed the informed consent form.

Main reagents and instruments

Trizol reagent was purchased from Invitrogen.
The genomic DNA extraction kit, the PCR prod-
uct purification and recover kit, primers, and
other commonly used reagents were purchased
from Sangon. ABI7900 PCR was purchased
from ABI. The Labsystem Version 1.3.1 micro-
plate reader was purchased from Bio-rad
Corporation. ABPM6100 non-invasive portable
dynamic blood pressure monitor was pur-
chased from China Meigao Company. The Kurt
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AU860 automatic biochemical analyzer was
purchased from Beckman.

PCR detection of GRK4 variant

In this experiment, genomic DNA was extracted
from peripheral blood using a genomic DNA
extraction kit. The sample was added with cell
lysate and centrifuged at 3600 rpm for 5 min.
DNA was extracted according to the kit instruc-
tions. Primer sequence was designed as fol-
lows: GRK4 R65L forward, 5’ATGTGGTGTTGGA-
CAATGATTCT3’; reverse, 5’AGCATAAGATTGGGT-
GGTTG3’; GRK4 A142V forward, 5’AAGGGTA-
TAACACTCTAGGAAC3’; reverse, 5’ TGGGTACT-
GTTTTATTAAGTTGGC3’; GRK4A486V forward,
5TCTTGTGGGAACAGGGAGC3’;reverse,5’GTGC-
GGGCTGGAAAGTACC3..

Administration

The dosage of losartan was 50 mg/time/day.
The blood pressure was measured before and
4 weeks after taking medicine. The 24-h ambu-
latory blood pressure was monitored before
and after the enrollment. According to the re-
quirements of the Chinese Hypertension Gui-
delines, this study controlled the blood pres-
sure reduction range below 140/90 mmHg. If
the antihypertensive effect of losartan was not
obvious after 1 week of treatment, the drug
dose can be gradually increased to 100 mg. If
the blood pressure was still poorly controlled,
diuretics can be added.

Blood pressure monitor

After 4 weeks of treatment, blood pressure T/P,
blood pressure morning peak, and blood pres-
sure Sl were recorded. For blood pressure T/P,
during the 24 h ambulatory blood pressure
test, the average value of the 1 h and adjacent
of maximum blood pressure drop within 2-6 h
after taking the drug was collected as the peak
(P), and taking the blood pressure drop value 2
h before the next dose as the trough (T) to cal-
culate blood pressure T/P. For blood pressure
morning peak, taking difference between the
highest value of blood pressure in the morning
(6:00~10:00) and mean blood pressure at the
nighttime (22:00~6:00), which is divided into
the morning peak of systolic blood pressure
and the morning peak of diastolic blood pres-
sure. For the influence of blood pressure S|, it is
calculated as the ratio of the mean and stan-
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Figure 1. GRK4 variant distribution.

dard deviation of blood pressure changes per
hour within 24 h.

Analysis of heart, liver and kidney function

EF, LVESD, left ventricular thickness, LVEDD,
ALT, AST, TG, TC, BUN, Scr, blood B2-MG, and
uric acid changes were detected.

Statistical analysis

All data analyses were performed using SPSS
19.0 software. The measurement data were
presented as mean + standard deviation (SD)
and compared by ANOVA. P < 0.05 was consid-
ered as statistically significant difference.

Results
GRK4 variant distribution

The distribution of GRK4 variants was detected
by PCR amplification. A total of 312 patients
were enrolled in the study, including 72
(72/312, 23.1%) of GRK4 wild type and 240
(240/312, 76.9%) of GRK4 variants. Among th-
em, 97 cases (97/312, 31.1%) exhibited A142V
point mutation, 72 cases (72/312, 23.1%) ex-
hibited A486V mutation, and 71 cases (71/312,
22.8%) exhibited R65L mutation (Figure 1). It
was suggested that the incidence of GRK4 vari-
ants in EP patients was high. However, there is
no significant difference in the distribution of
major mutation sites.

Losartan decreases blood pressure in patients
with GRK4 variant

Four weeks after losartan administration of lo-
sartan, the blood pressure decrease amplitude
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Figure 2. The impact of losartan on the decrease of
blood pressure in patients with GRK4 variant. *P <
0.05, compared with WT. P < 0.05, compared with
A486V or R65L.

was measured. The amplitude of blood pres-
sure in GRK4 variants was significantly decrea-
sed compared with that in the GRK4 wild type
group (P < 0.05), especially in the A142V group
(Figure 2).

Losartan affects blood pressure T/P, morning
peak, and Sl in patients with GRK4 variant

After treatment with losartan, the blood pres-
sure T/P, blood pressure morning peak, and
blood pressure Sl changes in GRK4 variant
patients were more significant compared with
GRK4 wild-type group (P < 0.05), especially in
A142V group (Figure 3).

The cardiac protective effect of losartan on
GRK4 variant patients

The patients treated with losartan received
echocardiography, including EF, LVESD, left
ventricular thickness, and LVEDD. It was shown
that the cardiac function indicators were signifi-
cantly improved in patients with GRK4 variants
after treated with losartan compared with the
GRK4 wild-type group (P < 0.05). There was no
statistical difference among the three GRK4
variant subtypes (Table 1).

The liver protective effect of losartan on GRK4
variant patients

The ALT, AST, TG, and TC of each group were
detected by automatic biochemical analyzer. It
was demonstrated that compared with the
GRK4 wild type group, the ALT, AST, TG, and TC
in the GRK4 variant patients were significantly
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Figure 3. The effect of losartan on blood pressure T/P, morning peak, and Sl in patients with GRK4 variant. *P <
0.05, compared with WT. #P < 0.05, compared with A486V or RG5L.

Table 1. The cardiac protective effect of losartan on GRK4 variant

ction technology has promot-

ed the modern medicine into

WT A142V A486V R65L 1 >
LVESD (mm) 31.37+3.26 38.72+5.81* 36.27+7.85* 36.11+4.67* the era of precision medicine.
LVEDD (mm) 40.2146.47 47.36+8.55* 4531+7.51% 48.16+8.06% 1:iesseiasrctigo:niie:er:ga?:getro-
EF (%) 50.7247.31 43.12+6.68* 43.12+6.68% 43.12+6.68* achieve precision medicine.
LVAWT (mm) 9.13+0.89 8.61+0.81* 859+0.79* 8.63+0.63* Whether different genetic ty-
LVPWT (mm) 9.0840.62 8.14+0.43* 811+0.33* 8.09+0.55* pes of hypertensive patients

*P < 0.05, compared with WT.

Table 2. The liver protective effect of losartan on GRK4 variant

exhibited different treatment
response attracted much mo-
re attention [17]. Previous stu-
dies found that calcium chan-

WT A142vV A486V RE5L nel gene variants enhanced
ALT (U/L) 75.52+5.26 38.1514.43* 37.25+5.12* 41.31+2.57* the antihypertensive effect of
AST (U/L) 65.65+6.21 41.31+3.52* 40.35+5.35* 39.55+4.34* calcium channel blockers, B-
TG (mmol/L) 1.97+0.31 1.22+0.68* 1.35+0.41* 1.41+0.51* receptor variants elevated the
TC (mmol/L) 4.97+1.22  3.14+1.41%* 311+1.35% 3.09+1.52% antihypertensive effect of B-

*P < 0.05, compared with WT.

improved after treated with losartan (P < 0.05).
However, there was no statistical difference
among the three GRK4 variant subtypes (Table
2).

The renal protective effect of losartan on
GRK4 variant patients

The BUN, Scr, blood B2-MG, and uric acid of
each group were detected by automatic bio-
chemical analyzer. It was revealed that com-
pared with the GRK4 wild type group, the renal
function in the GRK4 variant patients were sig-
nificantly improved after treated with losartan
(P < 0.05). However, there was no statistical dif-
ference among the three GRK4 variant sub-
types (Table 3).

Discussion

The rapid development of cloud data technolo-
gy, biotechnology, imaging technology, and dete-
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blocker metoprolol, AT1 recep-
tor variant A1166C improved
the blood pressure lowering
effect of angiotensin-converting enzyme inhibi-
tor (ACEIl), whereas its ability to improve arterio-
sclerosis is reduced [18, 19]. The AT1 receptor
plays an important role in the control of blood
pressure. The kidney and blood vessels are key
tissues that regulate blood pressure in the
human body. They affect the blood pressure
level by regulating the retention of water and
sodium and the relaxation and contraction of
blood vessels. Stimulating AT1 receptor can
induce vasoconstriction and sodium retention
to elevate blood pressure. AT1 receptor func-
tion is also increased under hypertensive
states [20, 21]. Among the five major classes of
antihypertensive drugs recommended by the
World Health Organization (WHO), ACEIl and AT1
receptor blockers (ARB) are targeting the angio-
tensin system (RAS) [22]. As an ARB drug,
losartan presents different effect on different
patients. The target of losartan is ATAR, while
GRK4 mutation can affect the function of AT1R.

Int J Clin Exp Med 2019;12(11):12854-12860
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Table 3. The renal protective effect of losartan on GRK4 variant

WT Al42V A486V R65L
BUN (ummol/L) 7.52+0.76 3.2240.73* 3.29+0.88* 3.95+0.72%
Scr (ummol/L) 65.65+6.21 41.31+3.52* 40.35+5.35* 39.55+4.34*
Blood B2-MG (mg/L) 3.31+0.39 2.01+0.61* 2.12+0.47* 2.25+0.59*
Uric acid (mmol/L) 131.22+11.31 67.14+15.48* 72.11+12.35% 73.9249.58*

*P < 0.05, compared with WT.

Whether the GRK4 mutation is related to the
antihypertensive effects of losartan has be-
come a widespread concern [23, 24].

Previous studies have demonstrated that in-
creased activity of GRK4 increased AT1 recep-
tor function in hypertensive states. GRK4 vari-
ant is responsible for the increase in GRK4
activity. We speculated that GRK4 variant may
affect the blood pressure. It was confirmed
that GRK4 variants A142V, A486V, and R65L
can increase GRK4 activity [8]. A large number
of experimental studies proved that GRK4 is an
important substance affecting the expression
and function of AT1 receptor. In the animal
model of GRK4 variant A142V transgenic mice,
the blood pressure of A142V transgenic mice
was significantly higher than that of wild type,
accompanied with impaired urinary sodium
excretion. Moreover, the plasma renin level was
elevated, while vascular and renal AT1 receptor
protein expressions were significantly increa-
sed in A142V transgenic mice. AT1 receptor
blocker losartan effectively reduced the blood
pressure of A142V transgenic mice. AT1 recep-
tor knockout mice and A142V transgenic mice
were crossed to obtain “A142V transgenic mice
without AT1 receptor expression”, and it was
found that A142V transgenic mice exhibited
normal blood pressure without AT1 receptor
expression [25, 26]. Meta-analysis of multiple
studies also revealed that GRK4 variants are
closely related to hypertension [27]. In this
study, 312 EP patients with essential hyperten-
sion were enrolled. PCR confirmed that there
were 72 (23.1%) patients with wild-type GRK4
and 240 patients (76.9%) with GRK4 variants,
suggesting that GRK4 variants account for the
majority of EP patients. After treatment with
losartan, the blood pressure dropped and
blood pressure T/P, blood pressure morning
peak, and blood pressure Sl changes in GRK4
variant patients were significantly changed
compared with GRK4 wild-type group. Among
them, the change of GRK4 variant A142V was
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more significant. The target organs in patients
with GRK4 variants were obviously protected
after administration, suggesting that GRK4
variants have significant antihypertensive influ-
ence on losartan and provide accurate medical
care for target organ protection. In the further
study, it is proposed to deeply analyze the relat-
ed mechanism of losartan on the antihyperten-
sive effect of patients with GRK4 variant, and
provide relevant reference for clinical treat-
ment.

Conclusion

Losartan showed more significant antihyper-
tensive effect on patients with GRK4 variants.
The most significant improvement was obser-
ved in patients with GRK4 variant A142V, indi-
cating that the target organs in patients with
GRK4 variants might be protected after admi-
nistration.
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