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Background: A previous study found that target organ damage in patients with hypertension was related to genetic factors.
The aim of our study aim was to explore the association between the ABCB1 gene and renal function injury
induced by hypertension.

Material/Methods: We used a case-control study design. Patients with hypertension were enrolled from our hospital between July
2015 and December 2015. Questionnaire data included personal information, life habits and behavior. Clinical
data included blood routine examination and liver and renal function. We used restriction fragment length poly-
morphism methods for ABCB1 gene polymorphism detection.

Results: There were 306 patients with hypertension included in the final analyses: 170 cases of hypertension and 136
controls. Compared to controls, the cases group had higher: drinking ratio (65.3% versus 52.9%, p=0.029),
body mass index (p=0.032), systolic blood pressure (p<0.001), total cholesterol (p=0.004), blood urea nitrogen
(p=0.029), creatinine (p=0.024), uric acid (p=0.011), estimated glomerular filtration rate level (p<0.001), and
platelet level (p=0.003). There were no significant differences for others parameters. Genotype frequency distri-
butions of rs1045642 were statistically significant between the two groups (x?=24.966, p<0.001). No differenc-
es were observed for the frequency distribution of rs10808072 and rs1922242 (y?=1.293, p=0.524; %?=0.065,
p=0.968). The multivariable logistics results found that patients with TT genotype had a higher risk for renal
function injury for hypertensive patients compared to those with CC genotype (OR=3.47, 95% Cl: 1.19-10.07).

Conclusions: Our results suggested that the rs1045642-T allele of the ABCB1 gene may be associated with increased risk
for renal function injury in hypertensive patients.
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Background

Hypertension is an important public health issue, and a main
risk factor for cardiovascular disease and other diseases.
Hypertension is a chronic disease can develop into resistant
hypertension, and 30% of human blood pressure variation
can be attributed to heredity [1,2]. Hypertension can cause
target organ damage, including left ventricular hypertrophy,
renal function injury, and cerebrovascular distortion. The rate
of left ventricular hypertrophy in hypertensive patients is re-
ported to be 15-20%, and hypertension accounts for 60% of
all identified factors leading to cerebral injury [3-5]. In recent
years, it has been suggested that target organ damage in hy-
pertensive patients may be associated with gene factors [6-9].
Dong et al. found that methylene tetrahydrofolate reductase-
C677T gene polymorphism was related to renal function de-
cline in male hypertensive patients [10]. Renal function of pa-
tients with TT decreased by 1.37 mL/min/1.73 m? compared
with those with CC genotype. Li et al. reported a higher risk
of left ventricular hypertrophy in hypertensive patients with
Klotho gene [11]. The ATP-binding cassette subfamily B mem-
ber 1 gene (ABCB1) is common related to drug metabolism;
and animal experiments suggest that it is involved in the pro-
cess of blood regulation. ABCB1 gene encodes permeability
glycoprotein. Permeability glycoprotein is widely expressed
in many organs such as kidney, liver, and intestinal tract. In
rats, permeability glycoprotein may be associated with aldo-
sterone transportation in brain [12] and involved in aldoste-
rone plasma distribution. In humans, the 3435C/T variant may
be related to serum aldosterone concentration. Since PGP is
also encoded in capillary endothelial cells, the level of perme-
ability glycoprotein expression regulated by ABCB1 gene may
also be related to renal dysfunction [13].

Previous studies mainly have focused on drug metabolism, and
few studies have reported on the association between gene
and hypertension, and the related target-organ damage. This
study explored the association of ABCB1 gene polymorphism
and renal function damage with the aim of providing scientif-
ic guidelines for hypertension-personalized medicine to pre-
vent target organ damage.

Material and Methods

Study population

Using a case-control design, we enrolled 350 hypertensive
patients from the Third Affiliated Hospital of South Medical
University between July 2015 and December of 2015. Patients
completed a study questionnaire and had health and laborato-
ry examinations. Patients who had incomplete or missing gen-
otype information were excluded. Patients were also excluded
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for the following: secondary hypertension, heart failure, dia-
betes mellitus, severe hepatic or renal injury, tumor, system-
ic inflammatory disease, hematological system disorder and
known coronary artery or cerebrovascular disease, disabling
diseases such as dementia, or an inability to cooperate were
excluded. The hypertensive patients with renal function inju-
ry were treated as case group, and the isolated hypertensive
patients were a control group. We used the Power and Sample
Size Calculation software to estimate the sample size. A previ-
ous study reported that the estimated odds ratio was 2.17 for
rs1045642 in the Chinese population and the gene frequency
of TT genotype was 30-40%. The sample size was at least 121
(=0.05, 1-B=0.85), which was enough for the present study.

The institutional research ethics committee of the Third Affiliated
Hospital Southern Medical University approved this study, and
written informed consent was obtained from each participant.

Data collection

The collected data included two parts. The demographic and
physical data was collected through a standardized question-
naire, including age, sex, smoking, drinking, exercise, self-re-
ported salt intake, education level, marriage status, and re-
gion. Height and weight were measured, and body mass index
(BMI) was calculated. Systolic blood pressure (SBP) and dia-
stolic blood pressure (DBP) after five minutes of rest was mea-
sured in triplicate with at least 15 seconds between measure-
ments with the mean value reported as the final blood pressure.

We took two blood samples from participants early in the morn-
ing via the antecubital vein. The blood routine examinations
were completed by automatic biochemistry analyzer (Beckman
Coulter, Inc., Fullerton, CA, USA), including red blood cell (RBC),
white blood cell (WBC), red blood cell distribution width (RDW),
hemoglobin (Hb), platelets, high density lipoprotein-cholester-
ol (HDL-C), low density lipoprotein-cholesterol (LDL-C), triglyc-
eride, total cholesterol, and fasting blood glucose, blood urea
nitrogen (BUN), creatinine, uric acid, alanine aminotransfer-
ase (ALT), aspartate aminotransferase, (AST).

The diagnosis of hypertension refers to the criterion: SBP >140
mm Hg and/or DBP =90 mm Hg [14]. Kidney function was es-
timated by glomerular filtration rate using the following equa-
tion: 186xSCr'!>*xage in years®2%x1.210 (if black) x0.742 (if
female) [15]. Microalbuminuria was defined as >30 mg/24
hours; diabetes was defined by a fasting blood glucose >7.0
mmol/L or by drug treatment. BMI >24 was defined as over-
weight, and BMI >28 was defined as obese [16]. Smoking was
defined as at least five cigarettes each day for at least half a
year, and drinking was defined as >50 mL each week for at
least one year [17,18]. Physical exercise was defined as 30 min-
utes or more of physical exercise for >3 times per week [19].
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Genotyping

Single-nucleotide polymorphisms (SNPs) were selected based
on minor allele frequency greater than 5% from Chinese SNP
data from HapMap. All three SNPs of participants were tested
through Hardy-Weinberg methods. The collected blood sam-
ples were placed in containers with anticoagulant and stored
at —-40°C. DNA was extracted from peripheral whole blood using
the Qiagen DNA Isolation Kit (Valencia, CA, USA). The ABCB1
gene polymorphism was detected by the restriction fragment
length polymorphism [20]. A randomized duplicate detection
(5%) was conducted to guarantee accuracy of SNP genotyping.

Statistical analyses

We used Statistical Product and Service Solutions 23.0 soft-
ware (SPSS, Inc., USA) for all analyses. For continuous data,
the two independent samples t-test were used for compari-
sons of two groups. Chi-square test was used for categorical
data. Differences of genotype distributions between controls
and cases were evaluated by the Chi-square test. The asso-
ciation between three SNPs and renal function injury in pa-
tients with hypertension was analyzed via binary logistic re-
gression analysis with some potential factors adjusted. Odds
ratios (ORs) and their 95% Cls were also calculated. A two-
tailed p<0.05 was considered statistically significant.

Results

Comparisons of general characteristics between controls
and cases

The demographic characteristics of controls and cases are pre-
sented in Table 1. There were 306 patients with hypertension
entered into the final analyses, including 170 patients with
renal function injury and 136 controls. There were no signifi-
cant differences in the distributions of age, sex, smoking, ex-
ercise, salt intake based on self-reports, education level, mar-
riage status, and region (p>0.05). Compared with controls, the
cases group had higher drinking ratio (65.3% versus 52.9%,
p=0.029). The biochemical parameters of the two groups are
shown in Table 2. No significant difference was observed
in DBP, fasting blood glucose, triglyceride, HDL-C, or LDL-C
(p>0.05). However, the case group had higher body mass in-
dex (p=0.032), SBP (p<0.001), total cholesterol (p=0.004), BUN
(p=0.029), creatinine (p=0.024), uric acid (p=0.011) and eGFR
levels (p<0.001). The ALT, AST, RBC, WBC, Hb, and RDW lev-
els of the control group were almost commensurate with the
case group (p>0.05), but the difference in platelet levels was
significant (p=0.003).
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Frequency distribution of SNPs in cases and controls

The genotype distributions of three SNPs are presented in
Table 3. The genotype distributions of SNPs were in accor-
dance with Hardy-Weinberg equilibrium in the control group
(x=0.395, p=0.541, %2=0.160, p=0.689, x>=0.580, p=0.446).
Genotype frequencies of rs1045642 were significant differ-
ences between the control group and case group, as shown
in Tables (y2=24.966, p<0.001). There were no significant dif-
ferences in the frequency distributions of rs10808072 and
rs1922242 between the control group and the case group
(x?=1.293, p=0.524; x?=0.065, p=0.968).

Multivariable regression analysis

We further explored the association between rs1045642 poly-
morphism and renal function injury in patients with hyperten-
sion. We performed multivariable analyses of the association
between rs1045642 and renal function injury after adjusting
some potential parameters, including age, sex, smoking, drink-
ing, exercise, salt intake, body mass index, triglyceride, total
cholesterol, LDL-C, HDL-C, creatinine, BUN, and uric acid. The
multivariable logistics results found that patients with TT gen-
otype had a higher risk of renal function injury for hyperten-
sive patients compared with those with CC genotype (OR=3.47,
95% Cl: 1.19-10.07). The risk of renal function injury did not
increase for hypertensive patients with CT genotype (OR=2.30,
95% Cl: 0.98-5.43). In addition, elevated SBP, drinking more
alcohol, and increased creatinine level also increased the risk
of renal function injury for hypertensive patients. The specif-
ic results are presented in Table 4.

Discussion

In this study we identified that the T allele of the ABCB1 gene
was related to a higher risk of renal injury in patients with hy-
pertension. Our findings provide new evidence supporting the
association between the drug metabolism-related gene and
targeted-organ damage in hypertensive patients, as well as
provide a new explanation regarding the mechanisms of tar-
geted-organ injury induced by high blood pressure, and pres-
ent a new finding for consideration for early identification
and prevent for renal function injury in hypertensive patients.

Our results identified a SNP (rs1045642) associated with re-
nal function injury in hypertensive patients. Bochud et al. re-
ported that rs1045642 was associated with renal function
and that compared with the CC genotype, people with the TT
genotype had higher eGFR levels [21]. This finding was con-
trary to our results. This difference in result could be attribut-
ed to the following aspects. First, the genetic background was
different for the two studies. Our study population was from
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Table 1. Comparisons of general characteristics between controls and cases.

Variables Control (n=136) Case (n=170) t/y? P value
Sex 1.398 0.237
o Mae 0 (15% %o (820
"""""" Female 66 (485w 71 (sl
"""" ae)  azos133  agosizs -6l 0490
"""" Smokng . oss o4z
v 16 (usw s ar%
"""""" N 120 (882%) 145 @3
"""" Drnking  ap o009
"""""" N ea @r1w s @aTm
v 7 2% sz
"""" Berciseweek  oas o4
"""""" Noe 64 (71%) 86 (0w
o 0 (1% % Q2w
C Twiee 2 (62% % (s
"""""" feyly 20 (a7%) 22 (29%
"""" sattintake 2205 o032
"""""" low 48 (@53W 56 (29%
 Moderate 4 68 (500% o 1%
"""""" Hgh 20 (a7®) 17 Qoow
"""" Eduation  oas o
"""""" N 13 Gew 13 @ew
"""""" Pimary 25 (84w 3; @8
C midde a5 @31%) o 0 3%
"""""" Hgh 35 @s7w) a3 @ssw
 Coleage 18 (132%) 3 (4%
"""" Marioge 130 oss
 Unmamied 5 (82%) 62 Gsew
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"""" Regon om0  oms
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T o8 (121% 20 Goe%w
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Table 2. Comparisons of biochemical indexes between controls and cases.

Variables Control (n=136) Case (n=170) t P value
Body mass index, kg/m? 25.743.2 26.6+3.8 -2.155 0.032
systolic blood pressure, mmHg 14258125 1s96:136 36 <0001
Diastolic blood pressure, mmHg 1004188 o001 0% 0333
Fasting blood glucose, mg/dl 62168 66171 o408 0618
Total Cholesterol, mg/dt asr2 s212 87 0004
Tglyceride, mg/dt 16112 16:09 o0 0999
High-density lpoprotein-C, mg/dl 13:03 13:03 o008 0498
low-density lpoproteinC, mg/dl 2810 27209 0919 0358
Blood Urea Nitrogen, mg/dl sarle s8:20 s 0029
Creatinine, mgt 7971533 8861218 o0 0024
Uricacd, mgat 3859:1022 415581006 2s39 oo
 Estimated glomerular fitration rate, mUmin 7508203 5431167 o786 <0001
 Manine aminotransferase, UL 2651395 ser181 1733 0083
| Aspartate aminotransferase, UL 291143 271233 ooss 0930
CRedblood cell <101 asr07 ast0s 0002 0996
Whiteblood cell, x100 7091 72193 o188 0850
Hemoglobingl  1402t186 14318195 s 0188
Platelets, 101 52t422 25991436 200 0003
Red cell distribution width, % 1291137 138193 082 0495

Table 3. Frequency distribution of ABCB1 genotype in controls and cases.

Control group Case group

P value
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Table 4. Multivariable logistics regression analysis between rs1045642 and renal function in patients with hypertension.

Variables B SE Wald 2 P value OR value 95% Cl
SBP 0.027 0.11 5.579 0.018 1.03 1.01-1.05
CDrnking o3 020 6os8 o008 208 120346
Creatinine osss 0287  aws oomr - 180 102315
Csloased2
"""" «c« a0
"""" a  oss o049 315 0057 230 098543
"""" T 123 oses  s209 002 347 119-1007
Cconstant 2666 1881 2000 o6

Asian, whereas in the Bochud et al. study the population was
African Black. Previous studies reported the frequency of T as
16-27% in African populations, 48-57% in Caucasian popula-
tions, and 41-66% in Asian populations [22]. An obvious dif-
ference was observed between African and Asian populations,
which may affect the study differences found in the associ-
ation between rs1045642 and renal function. Second, there
was a difference in inclusion of hypertensive patients. In the
previous study, some patients were hypertension and some
were not, whereas, our study population was strictly limited
to hypertensive patients who were not receiving drug treat-
ment. Third, the TT genotype mutations have been reported to
decrease P-gp expression, indirectly reducing the exogenous
and endogenous materials transport [23]. This aforementioned
study also found that patients with TT genotype tended to
have renal nephrotoxicity, which was related to the reduction
of P-gp. The reduction of P-gp expression delayed the trans-
port of exogenous and endogenous poison materials. These
aforementioned reasons could explain why hypertensive pa-
tients with TT genotype more easily have renal function inju-
ry. The specific biological mechanism is not clear and further
studies are required.

The process of inducing renal function injury through reducing
P-gp expression was considered to be direct. Other indirect ef-
fects may contribute to renal function injury. ABCB1 gene can
regulate blood pressure. In rats, the elevated blood pressure
level induced through an injection of sodium has been shown
to be suppressed by spironolactone injection [24,25]. This find-
ing suggests that P-gp may be involved in the process of salt-
sensitive hypertension. In vitro, P-gp modulator can inhibit the
aldosterone secretion regulated by angiotensin Il. It seems rea-
sonable to suppose that variants of ABCB1 gene are associat-
ed with blood pressure in humans. Blood pressure itself could
induce renal function injury. High blood pressure could lead to
renal artery sclerosis, and a decline in eGFR.

There were some limitations to the present study. First, only
three SNPs of ABCB1 gene were studied. Another SNP (C3435T)
polymorphism in the promoter region is considered a common
SNP of the ABCB1 gene. Therefore, additional studies are need-
ed to explore the function of this and other SNPs. Second, some
parameters collected were based on self-reported results, such
as salt intake. This data could have had informational bias; it
has been reported that the ABCB1 gene is a kind of salt-sen-
sitive gene [26]. Third, our study population setting was lim-
ited to Chinese Han. People in different race groups have dif-
ferent genetic backgrounds. The effects of the ABCB1 gene
could be different in other population groups. Finally, previ-
ous studies have reported other gene could be associated with
renal function in hypertensive patients. Interactions can ex-
ist among these genes. However, to our knowledge, this has
never been demonstrated.

Conclusions

In summary, our results suggested that the rs1045642-T allele
of the ABCB1 gene may be associated with increased risk for
renal function injury in hypertensive patients. More research
is needed to explore the potential mechanisms and effects of
interactions among the ABCB1 gene and others gene on renal
function in patients with or without hypertension.
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