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Mitochondrial dysfunction has been potentially implicated in both human and experimental hyperten-
sion. We performed the mutational analysis of tRNALys gene by PCR amplification and subsequent
sequence analysis of the PCR fragments from 990 Chinese essential hypertensive subjects. We also made
a comparative analysis of the collected data of the essential hypertension subjects who carried tRNALys

mutation and those who did not carry the mutation using the methods of 1:1 case-control study. We
totally found 7 mutation sites in 10 subjects. The onset ages of the individuals carrying the mutation were
earlier than those who did not bear them. The level of blood urea nitrogen in hypertension subjects who
carried tRNALys mutation was higher than the hypertension subjects who did not carried tRNALys muta-
tion, while the serum potassium was significantly lower. The level of platelet count in hypertension sub-
jects who carried tRNALys mutation was lower. The level of ventricular septal thickness in hypertension
subjects who carried tRNALys mutation was higher and the level of left ventricular end diastolic diameter
in hypertension subjects was significantly lower. Mitochondrial tRNALys mutations might result in the
change of their structure and function, and then damaged the blood metabolism, the balance of the blood
electrolyte, the steady-state of the blood cells and the heart structure and function, which were involved
in the progress of the essential hypertension. Part of the essential hypertension patients clinically pre-
sented the characters of maternal inheritance, which might be associated with the tRNALys mutation.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

Essential hypertension is one of the most common and com-
plex genetic diseases, with the genetic contribution being about
30–50%. Studies have shown that individuals who have a family
history of hypertension are more incline to have hypertension
than those who do not have the family history. Sometimes the
genetics of hypertension showed a pattern of maternally inher-
ited [1–3]. Like many other polygenic diseases, the occurrence
of the essential hypertension is the result of the interactions
between different disease associated genes and environmental
factors. Different genes not only play special roles but also
crosstalk with other genes. Mediated from different level, such
as molecules, cells, tissues and organs, the blood pressure finally
increases when then the crosstalk adds up to a certain degree.
Previous studies of our laboratory revealed that the frequency
and quantity of mutation in the mitochondrial DNA is higher in
hypertensive subjects than that of in the normal subjects.
Mutations mainly distributed in the non-coding D loop region,
especially in tRNA genes.

Recently, several mtDNA point mutations have been identified
to be associated with cardiovascular disease including the essential
hypertension [4–7]. Investigators have provided further evidence
of a maternal effect on hypertension status and systolic blood pres-
sure [8]. Mitochondrial heritability for systolic blood pressure was
about 5%, and mitochondrial effects may account for about 35% of
hypertensive pedigrees. Their findings are consistent with an
involvement of mitochondrial DNA mutations in hypertension.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.bbrc.2014.10.089&domain=pdf
http://dx.doi.org/10.1016/j.bbrc.2014.10.089
mailto:lizww@163.com
mailto:gminxin88@gmail.com
http://dx.doi.org/10.1016/j.bbrc.2014.10.089
http://www.sciencedirect.com/science/journal/0006291X
http://www.elsevier.com/locate/ybbrc


Y. Lu et al. / Biochemical and Biophysical Research Communications 454 (2014) 500–504 501
With an effort to understand a role of mitochondrial genome in
pathogenesis of cardiovascular disease in Chinese population, we
have initiated a systematic and extended mutational screening of
mtDNA in a large cohort of hypertension subjects [9–12]. We
aimed to observe the relationship between the mitochondrial tRNA
mutation and the essential hypertension by examining the muta-
tion of tRNALys. We also wanted to explore the inherited signs
and clinical characters of maternally inherited essential
hypertension.
2. Materials and methods

2.1. Subjects

We evaluated 990 individuals with hypertension, and all partic-
ipants were out-patients or in-patients at the Institute of Geriatric
Cardiology, Chinese People’s Liberation Army. Hypertension was
defined as a systolic blood pressure of P140 mmHg and/or a dia-
stolic blood pressure of P90 mmHg on repeated measurements
or receiving antihypertensive medication. Secondary hypertension
was excluded by history and physical examination. All subjects
were apparently healthy, based on the report of their medical his-
tory. A positive family history of essential hypertension was
defined as the occurrence of hypertension in one or both biologic
parents. The ethics committee of our institution approved the
study protocol. All of the subjects enrolled in this study were Chi-
nese, and all of the subjects gave informed consent to participate in
this study. Exclusion criteria: participants who were diagnosed as
secondary hypertension (primary aldosteronism, renal arterial ste-
rosis, aortic coarctation, etc.), congenital heart diseases, organic
valve diseases. The 242 control DNA samples were obtained from
a panel of unaffected individuals from Chinese ancestry. All hyper-
tensive individuals underwent a physical examination, laboratory
assessment of cardiovascular disease risk factors, and routine elec-
trocardiography. A physician measured the systolic and diastolic
blood pressures of subjects using a mercury column sphygmoma-
nometer and a standard protocol. The first and the firth Korotkoff
sounds were taken as indicative of systolic and diastolic blood
pressure, respectively. The average of three such systolic and dia-
stolic blood pressure reading was taken as the examination blood
pressure. Hypertension was defined according to the recommenda-
tion of the Joint National Committee on Detection, Evaluation and
Treatment of High Blood Pressure (JNC VI) and the World Health
Organization-International Society of Hypertension as a systolic
blood pressure of 140 mmHg or higher and/or a diastolic blood
pressure of 90 mmHg or greater.
Table 1
Mutation site of mitochondrial tRNALys in essential hypertensive individuals.
2.2. Study protocol

The subjects were studies and the plasma samples were col-
lected. Casual blood pressure was measured in supine position
over a 15 min resting period. Thereafter, blood samples were
drawn from the antecubital vein for the measurement of blood
glucose, total cholesterol, LDL cholesterol, HDL cholesterol,
triglycerides, serum electrolyte, whole blood cell count, hemo-
globin and platelets. Cardiac output was indexed by body surface
area.
Site of mutation Number of mutations

U8311C 1
G8334A 1
U8337C 1
A8343G 3
A8346G 1
A8347G 2
A8348G 1
2.3. Laboratory assay

In all subjects plasma samples were analyzed immediately.
Lipid levels were measured by the Hiachi 912 analyser. Whole
blood cell count, hamnoglobin and platelets were eatimated by
Sysnex XE2100.
2.4. Echocardiographic examination

Imaging and Doppler echocardiography were performed in all
of the participants in this study. Comprehensive two-dimensional
echocardiography was performed using a cardiac ultrasound unit
(Sonos 5500; Hewlett Packard, Andover, MA). Echocardiographic
parameters were measured by the consensus of two experienced
investigators who were blinded to the metabolic data of the
subjects. LV mass was estimated using the formula validated by
Devereux and Reichek: LV mass (g) = 1.04 � {(IVSTd + PWTd +
LVDd)3 � LVDd3} � 13.6. The LV mass index was obtained tradi-
tionally by dividing the LV mass by body surface area (LVMI, g/m2).
2.5. Mitochondrial DNA analysis

DNA was isolated from whole blood using Promega Wizard�

Genomic DNA Purification Kit (Madison, WI). The primers for
fragment is as follows: DNA was extracted from peripheral blood
leukocytes using standard techniques. PCR amplification of the
mitochondrial tRNALys gene was carried out, using the following
primers: forward, 50-ACGAGTACACCGACTACGGC-30; reverse, 50-
TGGGTGGTTGGTGTAAATGA-30. The cycling program for PCR con-
sisted of a denaturation step at 95 �C for 5 min, followed by 30
cycles of denaturation at 95 �C for 30 s, annealing at 55 �C for
30 s, and extension at 72 �C for 30 s, and then a final extension step
at 72 �C for 5 min. Amplifications were performed in Perkin-Elmer
9600 thermocyclers, using ‘‘optical’’ reaction plates and caps (PE-
Biosystems, Warrington, UK). The PCR products were directly
sequenced on both strands. Sequencing was done using an ABI
PRISM Dye Terminator Cycle sequencing kit (Perkin-Elmer, Applied
Biosystem, Foster City, Calif., USA) according to the manufacturer’s
instructions.
2.6. Statistical analysis

Statistical analyses were performed with SPSS 10.0. The sex
ratio among hypertensive subjects, history of diabetes and family
history of hypertension were compared by v2 test. Values for con-
tinuous variables are presented as adjusted mean ± standard error.
P < 0.05 was deemed statistically significant.
3. Results

3.1. General description of mitochondrial tRNALys mutation in essential
hypertensive subjects

As shown in Table 1, we totally found 7 mutation sites in 10
subjects from the mutation analysis of mitochondrial tRNALys of
990 essential hypertensive subjects. Only the mutation site of
A8348G was previously reported to be associated with the occur-
rence of the cardiomyopathy, other 6 mutation sites were the first
reported by us [13].



Table 3
Comparison of the blood biochemistry in patients with or without tRNALys mutation.

Mutation Control P value

TG (mmol/L) 1.55 ± 0.75 1.64 ± 0.70 0.37
CHO (mmol/L) 4.66 ± 0.83 4.99 ± 0.85 0.25
HDL (mmol/L) 1.30 ± 0.19 1.11 ± 0.26 0.07
LDL (mmol/L) 2.60 ± 0.99 3.39 ± 0.92 0.09
GLU (mmol/L) 5.29 ± 0.64 5.08 ± 0.51 0.18
BUN (mmol/L) 6.52 ± 1.27 4.99 ± 0.82 0.002*

Cr (mmol/L) 75.3 ± 18.2 64.7 ± 10.5 0.066
K (mmol/L) 4.02 ± 0.44 4.65 ± 0.48 0.015*

Na (mmol/L) 140.4 ± 2.8 140.2 ± 2.9 0.41
Mg (mmol/L) 0.89 ± 0.05 0.91 ± 0.10 0.22

TG represents triglyceride;CHO represents cholesterol; HDL represents high density
lipoprotein; LDL represents low density lipoprotein; GLU represents blood glucose;
BUN represents blood urea nitrogen; Cr represents creatinine.

* P < 0.05.

Table 4
Comparison of the routine blood test in patients with or without tRNALys mutation.

Mutation Control P value

WBC (� 109/L) 6.85 ± 1.33 86.5 ± 21.0 0.09
RBC (� 109/L) 4.53 ± 0.46 4.54 ± 0.41 0.46
HB (g/dL) 142.6 ± 12.7 149.2 ± 25.9 0.26
PLT (� 109/L) 186.1 ± 52.2 221.9 ± 46.3 0.048*

WBC represents white blood cell; RBC represents red blood cell; HB represents
hemoglobin; PLT represents platelet.

* P < 0.05.
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3.2. General characteristics of mitochondrial tRNALys mutation in
essential hypertensive subjects

According to the matching conditions, we selected 10 essential
hypertensive patients without mutation of mitochondrial tRNA as
the control group.

Medical history revealed that essential hypertensive patients
with or without tRNALys mutations have denied the long-term, reg-
ular application of diuretics, lipid drug as well as other possible
medicine which affect the blood lipid, renal function, electrolyte,
blood glucose and the routine blood test.

The general data of essential hypertensive patients with or
without tRNALys mutations were analyzed, the results were shown
in Table 2.

As shown by Table 2, a total of 10 hypertensive patients appear
tRNALys mutation, and the ratio of men to women was 1:1. The
mean age of onset of hypertension was significantly lower for the
patients with tRNALys than that of without tRNALys mutation
(P < 0.05).

3.3. Blood biochemical characteristics of the hypertensive patients
with or without mitochondrial tRNALys mutation

We made a comparative analysis of the biochemistry data of the
essential hypertension subjects who carried tRNALys mutation and
those who did not carry the mutation using the methods of 1:1
case-control study. As shown in Table 3, the level of blood urea
nitrogen in hypertension subjects who carried tRNALys mutation
was higher than the hypertension subjects who did not carried
tRNALys mutation (P < 0.05). The serum potassium was significantly
lower in hypertension subjects who carried tRNALys mutation than
those who did not carried the mutation (P < 0.05). There is no sta-
tistical difference between two groups in the level of blood lipid,
blood glucose, blood sodium, blood magnesium and other blood
biochemistry.

3.4. Routine blood test of the hypertensive patients with or without
mitochondrial tRNALys mutation

We made a comparative analysis of the routine blood test of the
essential hypertension subjects who carried tRNALys mutation and
those who did not carry the mutation using the methods of 1:1
case-control study.

As shown in Table 4, the level of platelet count in hypertension
subjects who carried tRNALys mutation was lower than those who
did not carried tRNALys mutation (P < 0.05). There is no statistical
difference between two groups in WBC, RBC and HB.

3.5. Echocardiographic characteristics of the hypertensive patients
with or without mitochondrial tRNALys mutation

We made a comparative analysis of echocardiography of the
essential hypertension subjects who carried tRNALys mutation
and those who did not carry the mutation using the methods of
1:1 case-control study. As shown in Table 5, the level of ventricular
Table 2
Comparison of the general data of patients with or without tRNALys mutation.

Case Sex (male/female)

Mutation 10 5/5
Control 10 5/5
P value – –

BMI represents body mass index.
* P < 0.05.
septal thickness in hypertension subjects who carried tRNALys

mutation was higher than those who did not carried tRNALys muta-
tion (P < 0.05). The level of left ventricular end diastolic diameter in
hypertension subjects who carried tRNALys mutation was signifi-
cantly lower than those who did not carried tRNALys mutation
(P < 0.05). There is no statistical difference between two groups
in left ventricular mass index, left ventricular end diastolic poster-
ior wall thickness, left ventricular end systolic diameter, left atrial,
cardiac index and other aspects.
4. Discussion

Mitochondrial tRNA genes are all single copy genes; therefore
any mutation of the tRNA gene will eventually lead to the
instability of the mitochondrial translation system, and any point
mutation of a certain tRNA gene would be deadly vital for its activ-
ity [14–16]. Systematic study of the relationship between the dis-
ease and tRNA mutation not only helps us to understand the
mechanism of the occurrence of the mutation related disease,
but also improves the diagnosis, precaution and treatment of the
disease.

The human mitochondrial tRNALys is an example of a simplified
structure of the mitochondrial tRNA. D loop of this mitochondrial
tRNA has only three base pairs, which could occur as a result of
some structural instability [17].
Age (years) Onset age (years) BMI (kg/m2)

60.7 ± 14.3 48.4 ± 15.7 24.7 ± 2.6
62 ± 12.9 55.8 ± 13.3 25.6 ± 2.5

0.39 0.047* 0.175



Table 5
Comparison of the echocardiography in patients with or without tRNALys mutation.

Mutation Control P value

LVMI (g/m2) 93.9 ± 21.5 86.5 ± 21.0 0.11
IVSD (mm) 11.0 ± 1.3 9.8 ± 1.3 0.011*

LVPWd (mm) 9.9 ± 1.2 9.6 ± 2.2 0.31
LVIDd (mm) 45.1 ± 3.1 45.6 ± 4.6 0.39
LVIDs (mm) 29.0 ± 2.5 32.1 ± 5.6 0.046*

LA (mm) 34.2 ± 4.4 34.5 ± 5.3 0.45
SV (ml/beat) 62.6 ± 11.3 59.8 ± 10.3 0.29
EF (%) 66.1 ± 6.5 64.2 ± 7.2 0.25
CO (L/min) 4.17 ± 0.87 4.39 ± 0.73 0.27
CI (L/min/m2) 2.36 ± 0.47 2.45 ± 0.36 0.33

LVMI represents left ventricular mass index; IVSD represents interventricular septal
thickness in diastole; LVPWd represents left ventricular posterior wall thickness in
diastole; LVIDd represents left ventricular internal dimension in diastole; LVIDs
represents left ventricular internal dimension in systole; LA represents left atrium;
SV represents strove volume; EF represents ejection fraction; CO represents cardiac
output; CI represents cardiac index.

* P < 0.05.
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In the present study, we performed the mutational analysis of
tRNALys gene by PCR amplification and subsequent sequence
analysis of the PCR fragments and we found a total of 7 site
mutations. Compared with the essential hypertensive individuals
without tRNALys mutation, primary hypertensive patients with
tRNALys mutations shared common features of the onset time of
hypertension significantly ahead of schedule. The individuals
carried a tRNALys mutation were more easy to develop hyperten-
sion stimulated by environmental factors. We also noticed that
differences in body mass index between the essential hyperten-
sive individuals with or without mitochondrial tRNALys mutation,
which excluded the effect of BMI factors on the development of
hypertension.

It is well known that the blood glucose, blood lipid, creatinine,
urea nitrogen and other biochemical abnormalities closely related
to the occurrence and development of primary hypertension. These
factors can be the abnormal factors involved in the occurrence and
development of essential hypertension, and they were also the
results of the development of hypertension, which led to the aggra-
vation of deterioration of the target organ damage.

In order to clearify whether the mitochondrial tRNALys affect the
biochemical indicators of the individuals, we compared and ana-
lyzed the blood glucose, blood lipid, serum creatinine, urea nitro-
gen and other biochemical abnormalities of the individuals with
or without tRNALys mutation. We found that the level of blood urea
nitrogen in hypertension subjects who carried tRNALys mutation
was higher than the hypertension subjects who did not carried
tRNALys mutation (P < 0.05). The serum potassium was significantly
lower in hypertension subjects who carried tRNALys mutation than
those who did not carried the mutation (P < 0.05). There is no sta-
tistical difference between two groups in the level of blood lipid,
blood glucose, blood sodium, blood magnesium and other blood
biochemistry.

Research has demonstrated that changes of blood cells closely
related to the development and progression of essential hyperten-
sion [18–21]. The present experimental showed that the level of
platelet count in hypertension subjects who carried tRNALys muta-
tion was lower than those who did not carried tRNALys mutation
(P < 0.05). There is no statistical difference between two groups
in WBC, RBC and HB. Our results demonstrated that tRNALys muta-
tions decreased the platelet number, but the possible mechanism is
not clear, need further study.

Through the analysis of the cardiac ultrasound results, we found
that the level of ventricular septal thickness in hypertension sub-
jects who carried tRNALys mutation was higher than those who
did not carried tRNALys mutation. The level of left ventricular end
diastolic diameter in hypertension subjects who carried tRNALys

mutation was significantly lower than those who did not carried
tRNALys mutation, which showed that the mutation of tRNALys

affected the structure and function of heart.
In summary, the present study indicated that mitochondrial

tRNA mutation may be involved in the pathology process of hyper-
tension, and we also found there existed mitochondrial genetic
characteristic in Chinese essential hypertension individuals. The
present research provided a solid theoretic foundation for further-
ing research to explore occurrence, development of the essential
hypertension.
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