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Relationship  between  CYP2D6*10 gene  polymorphism and metoprolol  therapeutic effect for hypertension
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Abstract: Objective: To study the relationship between CYP2D6*10 gene polymorphism and metoprolol therapeutic effect for hypertension. Methods: A total of 60 patients with essential hypertension (EH) received metoprolol 47.5mg/d for 3d. After 3d the plasma metoprolol concentration after oral 2h was measured. Polymorphism of CYP2D6*10 gene was detected by PCR-RFLP. According to results of gene detection, the patients were divided into CC genotype group (wild type homozygote, fast metabolism type, n=14), CT genotype group (heterozygous mutation, intermediate metabolism type, n=25) and TT genotype group (homozygous mutation, slow metabolism, n=19). Metoprolol dosage was adjusted according to CYP2D6*10 genotype. After one week, plasma concentration of metoprolol after oral 2h was measured again, and mean heart rate and blood pressure were measured before and after gene-directed therapy. Results: Before gene-directed therapy, compared with CC and CT group there was significant increase in plasma concentration of metoprolol [(26.57±19.40) ng/ml vs. (23.88±12.86) ng/ml vs. (64.74±32.94) ng/ml, P<0.01] in TT group; compared with TT group, there were significant rise in mean systolic blood pressure [mSBP, (132.84±13.40) mmHg vs. (144.14±14.28) mmHg], mean diastolic blood pressure [mDBP, (76.95±9.07) mmHg vs. (81.36±7.33) mmHg] and mean heart rate [mHR, (69.13±11.83) times/min vs. (76.66±7.33) times/min] in CC group, P<0.05 all. After gene-directed therapy, there were no significant difference in plasma concentration of metoprolol, mSBP, mDBP and mHR among all groups, P>0.05 all; Compared with before gene-directed therapy, there was significant increase in plasma concentration of metoprolol, and significant decrease in mSBP, mDBP and mHR in CC group (P<0.05). There were no significant difference in blood pressure and heart rate between before and after treatment in CT group and TT group (P>0.05). Conclusion: CYP2D6*10 gene polymorphism affects metoprolol metabolism and its therapeutic effect on hypertension, gene-directed therapy can significantly improve drug therapeutic effect and reach ideal therapeutic goal in short time. 
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CYP2D6*10基因多态性与美托洛尔治疗高血压疗效的关系/杨军，王 爽, 董天崴* , 王立波, 张磊艺, 张志国, 雷力力//佳木斯大学附属第一医院心内一科，黑龙江 佳木斯  154002

通讯作者：董天崴，E-mail: dtw1012@163.com

摘要：目的：研究CYP2D6*10基因多态性与美托洛尔治疗高血压疗效的关系。方法： 60例原发性高血压患者口服美托洛尔47.5 mg/d三日后,测定口服美托洛尔2h的血药浓度。应用聚合酶链反应-限制性片段长度多态性（PCR-RFLP）方法检测CYP2D6*10基因型，根据基因检测结果高血压病人被分为CC型组（野生型纯合子，快代谢型，14例），CT型组（突变杂合子，中代谢型，25例）和TT型组（突变纯合子，弱代谢性，19例）3组。根据CYP2D6*10基因型调整美托洛尔用量，一周后， 再次检测口服美托洛尔2h的血药浓度，并检测基因导向治疗前后的平均心率及血压。结果：基因导向治疗前，美托洛尔血药浓度TT组显著高于CC和CT组[（64.74±32.94）ng/ml比（26.57±19.40 ）ng/ml比（23.88±12.86） ng/ml，P<0.01]；与TT组比较，CC组平均收缩压[（132.84±13.40）mmHg比（144.14±14.28）mmHg]、舒张压[（76.95±9.07）mmHg比（81.36±7.33）mmHg]、心率[（69.13±11.83）次/min比（76.66±7.33）次/min]明显升高（P均<0.05）。基因导向治疗后各组的血药浓度、平均收缩压、舒张压及心率无统计学差异（P均>0.05）。与基因导向治疗前比较，CC组治疗后血药浓度显著升高，平均收缩压、舒张压及心率显著降低（P<0.05），CT组、TT组的血压及心率与治疗前比较无统计学差异（P>0.05）。结论：CYP2D6*10基因多态性影响美托洛尔药物代谢及其治疗高血压病的疗效，基因导向个体化治疗可显著改善疗效，短时间内达到理想治疗目标。
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In recent years, CYP2D6 gene polymorphism received widespread attention and became a hot issue in pharmacogenomics research area. Metoprolol is one of frequent drugs used to treat hypertension in clinic. Some studies have found that oral metoprolol was metabolized via CYP2D6, so its plasma concentration was affected by CYP2D6 gene polymorphism. There are few domestic researches comparing plasma concentration and therapeutic effect of metoprolol on hypertension before and after gene-directed therapy. The present study aimed at exploring relationship between CYP2D6*10 gene polymorphism and metoprolol therapeutic effect in hypertension.

1  Data and methods

1.1 General data

A total of 58 patients with essential hypertension (EH), who received treatment in hospital or clinic of affiliated first Hospital of Jiamusi University from Oct 2012 to Jul 2013, were selected. According to hypertension diagnostic standards of WHO/ISH in 1999, EH was defined as sitting systolic blood pressure (SBP) 140mmHg~179mmHg and diastolic blood pressure (DBP) 90mmHg~109mmHg, and following cases were excluded: pregnancy, liver or renal dysfunction, sinus bradycardia, sick sinus syndrome, chronic obstructive pulmonary disease, asthma, acute myocardial infarction, and EH patients with heart failure. Baseline information were recorded, including age, gender, medical history, levels of triglyceride (TG), total cholesterol (TC), low density lipoprotein (LDL) and fasting blood glucose (FBG) etc. The mean age was 44~86 (65.96±10.19) years. 

1.2 Methods

All objects got up at 6:00 A.M. every morning, orally took 47.5mg metoprolol succinate sustained-release tablet (Betaloc, AstraZeneca Pharmaceutical Co, Ltd) in the fasting state. After three-day medication, ulnar venous blood was taken at 8:00 a.m. of fourth day (2h after oral drug). High performance liquid chromatography (HPLC)-fluorescence chromatography method was used to measure plasma concentration of metoprolol, and mutation blocking amplification method was used to detect CYP2D6*10 gene polymorphism. According to gene detection results, CC genotype (wild type homozygote, fast metabolism type, n=14), CT genotype (heterozygous mutation, intermediate metabolism type, n=25) and TT genotype (homozygous mutation, slow metabolism, n=19) entered metoprolol gene-directed therapy, and were labeled as CC group, CT group and TT group. Metoprolol dosages were adjusted to 95 mg/d, 47.5 mg/d and 23.75 mg/d for CC group, CT group and TT group respectively, after adjusted medication one-week, ulnar venous blood was taken on the eighth day after oral drug 2h, and serum concentration of metoprolol was measured.
Resting blood pressure and heart rate were measured everyday before and after gene gene-directed therapy. Corrected mercury sphygmomanometer was used to measure blood pressure. Patients stopped smoking, avoided exertion, feeling anxious and excited within 15min before measuring blood pressure, and sit-back for 10min. Right upper arm was exposed and cuff of sphygmomanometer was placed at the same horizon of heart. Blood pressure was measured repeatedly for three times with interval of 2min, and the mean value was taken. Blood pressure measurement was performed under standard state, namely blood pressure was measured by the same physician using the same sphygmomanometer at the same time of everyday. When measuring heart rate, stethoscope was used to listen number of first heart sound of 1 min at apex of heart, a second measurement was performed after 1~2min, mean value of two readings was regard as heart rate measured value.

1.3 Statistical treatment

    SPSS 17.0 software was used to perform statistical analysis. Measurement data were expressed as mean ± standard deviation (
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), its comparison between before and after gene-directed therapy was performed using paired-t test; comparison among multiple groups was performed using one-way ANOVA, after it the two-two comparison was performed using LSD- t test. Numeration data were expressed as percentage, and its comparison between two groups was performed using chi-square test. P<0.05 was regarded as possessing significant difference. 
2  Results

2.1 Comparison of all indexes among three groups before treatment

There were no significant difference in gender, age, TC, TG, LDL and FBG levels among three groups (P>0.05), so they were comparable. They were shown in table 1. 

Table 1  Comparison of baseline data among three groups 

	Item
	CC group (n=14)
	CT group (n=25)
	TT group (n=19)
	P

	Male n (%)
	6(42.9)
	12(48.0)
	10(52.6)
	0.86

	Female n (%)
	8(57.1)
	13(52.0)
	9(47.4)
	

	Age (years)
	65.71±10.39
	67.80±9.20
	64.11±11.83
	0.74

	TC (mmol/L)
	4.51±1.48
	5.15±1.17
	4.51±0.82
	0.41

	TG (mmol/L)
	2.53±1.57
	1.90±0.86
	1.54±0.47
	0.17

	LDL (mmol/L)
	2.66±0.78
	2.71±1.17
	2.09±0.81
	0.33

	FBG (mmol/L)
	6.18±1.51
	5.81±1.37
	6.55±2.02
	0.63


TC: Total cholesterol, TG: Triglyceride, LDL: Low density lipoprotein, FBG: Fasting blood glucose. 

P came from analysis of variance

2.2  Plasma metoprolol concentration change before and after gene-directed therapy
Before gene-directed therapy, compared with CC group and CT group, there were significant increase in plasma metoprolol concentration in TT group (P<0.01). After one-week gene-directed therapy, there was no significant difference in plasma concentration of metoprolol among three groups. Compared with before gene-directed therapy, there was significant increase in plasma concentration of metoprolol in CC group, and significant decrease in plasma concentration of metoprolol in TT group (P<0.05 or P<0.01). They were shown in table 2. 

2.3  Blood pressure change before and after gene-directed therapy
    Before gene-directed therapy, mean SBP of CC group was significantly higher than those of CT group and TT group (P<0.05), and mean DBP of CC group was significantly higher than that of TT group (P<0.05). After gene-directed therapy, there were no significant difference in SBP and DBP among three groups (P>0.05). Compared with before gene-directed therapy, there were significant decrease in SBP and DBP in CC group (SBP, P<0.01; DBP, P<0.05). There was no significant difference in SBP between before and after treatment in TT group and CT group (P>0.05). They were shown in table 2. 

2.4 Heart rate change before and after gene target therapy

Before gene-directed therapy, mean heart rate of CC group was significantly higher than that of TT group (P<0.05), there was no significant difference in mean heart rate between CC group and CT group, CT group and TT group (P>0.05). After gene-directed therapy, there was no significant difference in mean heart rate among three groups, but mean heart rate of CC group significantly decreased compared with before therapy (P<0.05), there was no significant difference in mean heart rate between before and after treatment in CT group and TT group, P>0.05. They were shown in table 2. 

3  Discussion

Hypertension is one of most frequent cardiovascular diseases; decreasing blood pressure level in EH patients can reduce target organ damage. The β receptor blocker is one of most used antihypertensive drugs. Metoprolol is a selective β1 receptor blocker, possesses good antihypertensive, anti-arrhythmia, anti-myocardial ischemia effects and cardiac protection effects. After metoprolol is taken orally, plasma concentration would reach peak in 1~2h and elimination half life is 3~4h [1]. Oral metoprolol possesses huge individual difference, the maximal difference of plasma concentration between different individuals can reach as much as 20 times. Metoprolol is mainly metabolized via two routes: O-demethylation metabolism and α–hydroxylation metabolism to produce α-hydroxy metoprolol (HM), which is almost produced via the CYP2D6 metabolism, thus metoprolol is a specific substrate of CYP2D6 and can be used as probe drug studying the enzyme activity [2-3].

Compared with wild type CYP2D6, C188→T point mutation on exon 1 of cytochrome enzyme CYP2D6 causes No.34 Pro (P) turn into Ser (S) on proteinase, G4268→C base mutation causes No.486 Ser (S) turn into Thr(T) in CYP2D6*10, making it become unstable metabolic enzyme with low activity, in which C188T is main factor leading to functional change. According to genotypes, it can be divided into wild type homozygote C/C (CYP2D6*1/*1) carrying two active alleles on exon 1 No.188 site, homozygote mutation T/T (CYP2D6*10/*10) carrying two alleles leading to enzyme activity decrease and heterozygote C/T (CYP2D6*1/*10) only carrying one normal allele.

Table 2 Changes of plasma metoprolol concentration, blood pressure and heart rate before and after treatment in three groups (
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	CC group 

(n=14)
	CT group

 (n=25)
	TT group

 (n=19)
	F
	P
	P12
	P13
	P23

	Before GDT
	
	
	
	
	
	
	
	

	Plasma concentration(ng/ml)
	26.57±19.40
	23.88±12.86
	64.74±32.94△△▲
	19.75
	0.01
	0.72
	0.00
	0.01

	     mSBP (mmHg)
	144.14±14.28
	130.76±13.19△
	132.84±13.40△
	4.65
	0.02
	0.01
	0.02
	0.62

	     mDBP (mmHg)
	81.36±11.32
	79.60±8.80
	76.95±9.07
	2.39
	0.10
	
	
	

	mHR (times/min)
	76.66±7.33
	72.20±7.21
	69.13±6.46△
	4.54
	0.02
	0.06
	0.01
	0.17

	After GDT
	
	
	
	
	
	
	
	

	Plasma concentration (ng/ml)
	33.51±23.97*
	23.56±12.32
	26.26±14.24**
	1.68
	0.20
	
	
	

	mSBP (mmHg)
	128.07±13.16*
	123.11±18.34
	128.26±9.78
	0.84
	0.44
	
	
	

	mDBP (mmHg)
	76.85±10.19*
	78.75±8.86
	76.79±10.32
	0.28
	0.75
	
	
	

	mHR (times/min)
	67.64±5.31*
	70.68±7.98
	66.46±5.85
	2.09
	0.13
	
	
	

	P1
	0.01
	0.70
	0.00
	
	
	
	
	

	P2
	0.01
	0.06
	0.20
	
	
	
	
	

	P3
	0.01
	0.55
	0.94
	
	
	
	
	

	P4
	0.01
	0.23
	0.07
	
	
	
	
	


GDT: Gene-directed therapy, mSBP: Mean systolic blood pressure, mDBP: Mean diastolic blood pressure, mHR: Mean heart rate. F, P: Comparison among three groups, P12: Comparison between CC group and CT group, P13: Comparison between CC group and TT group, P23: Comparison between CT group and TT group, P1: Comparison of plasma concentration between before and after GDT, P2: Comparison of mSBP between before and after GDT, P3: Comparison of mDBP between before and after GDT, P4: Comparison of mHR between before and after GDT. Compared with before GDT, *P<0.05, **P<0.01; Compared with CC group △P<0.05, △△P<0.01, compared with CT group ▲P<0.05, ▲▲P<0.01.
Previous study found [4] that CYP2D6*10 can decrease enzyme activity, and CYP2D6*10 homozygote mutation possesses greater influence on metoprolol pharmacokinetics compared with heterozygote mutation, and it showed gene dosage effect. A research found [5] that total effective rate lowering blood pressure of gene-directed therapy group in hypertension patients was significantly higher, and incidence rate of adverse reactions significantly lower than that of routine treatment group. There were no reports comparing plasma concentration and therapeutic effect of metoprolol before and after gene-directed therapy now. 

The present issue mainly studied the relationship among gene polymorphism and drug metabolism and clinical therapeutic effects, the results indicated that CYP2D6*10 gene polymorphism significantly affected plasma concentration of metoprolol and therapeutic effects (blood pressure and heart rate). Compared with before gene-directed therapy, the mean SBP, DBP and heart rate significantly reduced after therapy in CC group (P<0.05 all). After gene-directed therapy, there were no significant difference in plasma concentration, mean blood pressure and heart rate among three groups, suggesting that patients in CC group should increase metoprolol dosage in order to achieve ideal goal; after gene-directed therapy, plasma concentration of TT group significantly decreased, there were no significant difference in mean SBP, DBP and heart rate between before and after treatment, indicating that small dose of metoprolol can reach therapeutic goal and reduce incidence of adverse reactions in these patients. 
In summary, formulating metoprolol treating hypertension plan according to CYP2D6*10 gene polymorphism can reasonably use drug, elevate drug effective rate and decrease incidence rate of adverse reactions in hypertension patients.
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