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Abstract 1	

 Deficiency of X-ray repair cross-complementing protein 3 (XRCC3), a DNA-2	

damage repair molecule, and the 241Met variant of XRCC3 have been reported to 3	

increase endoreduplication, which induces polyploidy. The aims of this study were to 4	

determine the impact of the XRCC3 polymorphism on the incidence of hypertension-5	

induced left ventricular hypertrophy (LVH) and to investigate the mechanisms 6	

underlying any potential relationship. Patients undergoing chronic hemodialysis 7	

(n=77) were genotyped to assess for the XRCC3 Thr241Met polymorphism. The 8	

XRCC3 241Thr/Met genotype was more frequent in the LVH (+) group than in the 9	

LVH (-) group (42.3% vs. 13.7%, χ2=7.85, p=0.0051). To investigate possible 10	

mechanisms underlying these observations, human XRCC3 cDNA of 241Thr or that 11	

of 241Met was introduced into cultured CHO cells. The surface area of CHO cells 12	

expressing XRCC3 241Met was larger than that expressing 241Thr. Spontaneous 13	

DNA double-strand breaks accumulated to a greater degree in NIH3T3 cells 14	

expressing 241Met (3T3-241Met) than in those expressing 241Thr (3T3-241Thr). 15	

DNA damage caused by radiation induced cell senescence more frequently in 3T3-16	

241Met. The levels of basal and TNF-a-stimulated MCP-1 mRNA and protein 17	

secretion were higher in 3T3-241Met. Finally, FACS analysis revealed that the cell 18	

percentage in G2/M phase including polyploidy was significantly higher in 3T3-19	

241Met than in 3T3-241Thr. Furthermore, the basal level of MCP-1 mRNA positively 20	

correlated with the cell percentage in G2/M phase and polyploidy. These data suggest 21	

that the XRCC3 241Met increases the risk of LVH via accumulation of DNA damage, 22	

thereby altering cell cycle progression and inducing cell senescence and a 23	

proinflammatory phenotype. 24	
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Introduction 1	

Left ventricular hypertrophy (LVH) involves structural remodeling of the heart 2	

in response to pressure overload. Previous studies have shown that the occurrence of 3	

LVH does not solely depend on the duration or severity of hypertension and that not 4	

all hypertensive patients develop LVH1. The ability to determine an individual’s 5	

susceptibility to LVH is clinically important, as the risk of cardiovascular morbidity 6	

and mortality in hypertensive patients with LVH is increased two-to-four-fold when 7	

compared with patients without LVH1. Previous studies have demonstrated that LVH 8	

is mediated by the mechanical stress of pressure overload, neurohormonal factors, and 9	

various genetic factors that independently exert trophic effects on myocytes and non-10	

myocytes in the heart2. Single nucleotide polymorphisms (SNPs) of some candidate 11	

genes, such as those encoding for angiotensin-converting enzyme, angiotensinogen, or 12	

the angiotensin II type I receptor, have been shown to be associated with LVH2. 13	

X-ray repair cross-complementing protein 3 (XRCC3) participates in 14	

homologous recombination and is involved in the repair pathway for double-strand 15	

breaks (DSBs). We previously reported that XRCC3 deficiency results in a defect in 16	

recombination and results in increased endoreduplication3. Endoreduplication is the 17	

replication of the nuclear genome without subsequent cell division; this process leads 18	

to polyploidy and an increase in cell size. A single nucleotide polymorphism 19	

(C18067T, rs861539) in exon 7 of the XRCC3 gene results in the amino acid change 20	

(threonine to methionine) at codon 241 (Thr241Met)4. We have also shown that cells 21	

with the Thr241Met mutation undergo endoreduplication3.  22	

LVH is associated with an increased risk of major cardiovascular events and 23	

all-cause mortality in hypertensive patients. Further, LVH is a common problem in 24	

patients undergoing chronic HD, because interdialytic volume overload induces 25	
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continuous hypertension. Thus, we investigated whether the XRCC3 polymorphism is 1	

associated with hypertension-induced LVH in HD patients and attempted to 2	

characterize the molecular mechanisms for the association between the XRCC3 3	

polymorphism and LVH.  4	

 5	

 Materials and methods 6	

Patients 7	

 Seventy-seven hypertensive patients (52 males, 25 females; mean age, 67.8 ± 8	

11.9 years) with renal failure undergoing chronic HD were studied. Systolic blood 9	

pressure (SBP) and diastolic blood pressure (DBP) were measured in the supine 10	

position before and after each dialysis session and values from 3 different sessions 11	

were averaged. Body mass index (BMI) at the end of dialysis and body weight gain 12	

between dialysis were also determined. Two-dimensional–controlled M-mode 13	

echocardiograms were recorded after hemodialysis session, and LVH was diagnosed 14	

if the wall thickness of both the interventricular septum and the left ventricular (LV) 15	

posterior wall were more than 12 mm5.  The study was approved by the Ethics 16	

Committee of Hiroshima University for Human Genome and Genetic Sequencing 17	

Research, and written informed consent was obtained from all patients according to 18	

the Declaration of Helsinki. 19	

 20	

Determination of genotypes  21	

  Genomic DNA was extracted from peripheral blood leukocytes by using 22	

NucleoSpin Blood (Macherey-Nagel, Germany). XRCC3 codon 241 genotypes were 23	

determined by polymerase chain reaction (PCR) and restriction fragment length 24	

polymorphism (RFLP). We amplified the XRCC3 polymorphic site from ~100 ng of 25	
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genomic DNA using 0.3 µmol/L of the forward primer (5’-1	

TTGGGGCCTCTTTGAGA-3), 0.3 µmol/L of the reverse primer (5’-2	

AACGGCTGAGGGTCTTCT-3), 0.4 mmol/L of deoxynucleotide triphosphates 3	

(dNTPs), and 1.0 unit of KOD FX DNA polymerase from TOYOBO (Japan). The 4	

PCR reactions were carried out in DNAEngine Thermal Cycler (Bio-Rad, Hercules 5	

CA, USA) with an initial denature step of 2 min at 94°C, followed by 30 cycles of 6	

denature at 98°C for 10 sec, annealing at 58°C for 30 sec, and extension at 68°C for 1 7	

min. The PCR products were digested with N1aIII (New England Biolabs, Ipswich, 8	

MA, USA) and resolved in 3% agarose gels (Nippon Gene, Japan). Three possible 9	

genotypes were defined depending on the banding patterns: Thr/Thr (240 and 315 bp), 10	

Thr/Met (107, 208, 240, and 315 bp), Met/Met (107, 208, and 240 bp)4. 11	

 12	

Cell culture 13	

 Chinese hamster ovary (CHO)-K1 cells (ATCC, Manassas, VA) were 14	

maintained in Dulbecco's Modified Eagle Medium (DMEM)-F12 with 5% fetal calf 15	

serum (FCS), and the mouse NIH3T3 fibroblast cell line was maintained in DMEM 16	

with 10% FCS at 37°C in a 5% CO2 humidified incubator. 17	

 18	

Determination of cell size 19	

  Human XRCC3 cDNAs were inserted into the pMMTV vector with a zeocin 20	

resistance gene. CHO cells were grown to 70-80% confluence and then transiently 21	

transfected either with 3 µg of pMMTV, human XRCC3 cDNA of 241Thr in pMMTV 22	

or that of 241Met in pMMTV together with 1 µg of lacZ using Lipofectamine 2000 23	

reagent (Thermo Fisher Scientific, Waltham, MA). The cells were incubated for 4-6 24	

hours at 37°C in a CO2 incubator, followed by overnight recovery with DMEM/F12 25	
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containing 5% FCS. After an additional 24 hours of incubation, the cells were 1	

subjected to X-gal staining for the assessment of cell size. The cell surface area was 2	

analyzed by Image J software version 1.4. 3	

 4	

Stable transfection in NIH3T3 cells 5	

 The NIH3T3 cells were transfected either with empty vector, pMMTV, human 6	

XRCC3 cDNA of 241Thr in pMMTV or that of 241Met in pMMTV using 7	

Lipofectamine 2000 reagent (Thermo Fisher Scientific, Waltham, MA). Transfected 8	

cells were cultured with DMEM/10% FCS containing 400 µg/ml of zeocin for 9	

selection. Ten colonies were selected in each group. The expression of human XRCC3 10	

in transfected NIH3T3 cells was confirmed by western blot analysis (Supplementary 11	

data, Figure S1) 12	

 13	

Detection of DSBs 14	

  DSBs were detected by immunofluorescent analysis using the anti-53BP1 15	

antibody. Cells were fixed with 4% paraformaldehyde and permeabilized with Triton 16	

X-100. The cells were incubated with anti-53BP1 antibody for 30 min at 37°C and 17	

then with Cy3-conjugated secondary antibody for 30 min at 37°C. Nuclei were 18	

stained with 4',6-diamidino-2-phenylindole (DAPI). All images of slides were 19	

obtained automatically with a CoolCube1 camera, mounted with MetaSystems 20	

(MetaSystems Hard & Software GmbH, Althlussheim, Germany) and analyzed by 21	

Metafer classifer (MetaSystems). Foci in about 4000 nuclei were counted. 22	

 23	

Senescence-associated b-galactosidase (SA b-gal) staining  24	
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 Cell senescence was detected by SA b-gal staining using a senescence cell 1	

staining kit (Sigma-Aldrich, St. Louis, MO, USA) according to the manufacturer’s 2	

protocol. To calculate the percentage of SA b-gal positive cells, at least 500 cells were 3	

counted for each sample. 4	

 5	

Real time PCR (RT-PCR) 6	

 Total RNA was isolated from the cells using TRIzol reagent (Invitrogen, 7	

Carlsbad, CA). Quantitative RT-PCR was carried out using the Thunderbird qRT-PCR 8	

Kit with SYBR Green (TOYOBO) and CFX96 real-time PCR system (Bio-Rad 9	

Laboratories, Hercules, CA) according to the manufacturer’s instructions.  The 10	

following primers were purchased from Takara Biomedics (Tokyo, Japan): 11	

interleukin-6 (IL-6; NM_031168.1), forward 5’-CAACGATGATGCACTTGCAGA-3’ 12	

and reverse 5’-CTCCAGGTAGCTATGGTACTCCAGA-3’; IL-8 (NM_011339.2), 13	

forward 5’-CTCCTGCTGGCTGTCCTTAAC-3’ and reverse 5’-14	

CCTGAATACACAGACATCGTAGCTC-3’; MCP-1 (NM_011333.3), forward 5’- 15	

AGCAGCAGGTGTCCCAAAGA-3’ and reverse 5’-16	

GTGCTGAAGACCTTAGGGCAGA-3’. 18S rRNA was used as the housekeeping 17	

gene.  18	

 19	

Quantification of MCP-1 protein secretion 20	

 To quantify secreted MCP-1 protein in culture media, we used a solid-phase 21	

ELISA following the manufacturer’s protocol (Mouse CCL2/JE/MCP-1 Quantikine 22	

ELISA kit, R&D Systems, Minneapolis, MN). 23	

 24	

Flow cytometry analysis 25	
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The NIH3T3 cells were harvested and fixed with 70% cold ethanol at 4°C for 1	

30 minutes. After being washed in phosphate-buffered saline (PBS), the cells were 2	

incubated in propidium iodide (PI) /RNase staining buffer (BD Pharmigen, Franklin 3	

Lakes, NJ) at room temperature for 15 min. Then, the samples were analyzed by 4	

FACSCalibur flow cytometry (Becton Dickinson, Franklin Lakes, NJ), and the cell 5	

cycle distributions were analyzed by Flowjo software (Verity Software House, 6	

Topsham, ME, USA). 7	

 8	

Statistics 9	

For clinical data, variables are expressed as means ± standard deviation or as 10	

percentages. Intergroup differences were compared using Mann-Whitney’s U-test. 11	

Differences in the distribution of alleles and genotypes between the groups were 12	

analyzed by the Chi-Square test. Odd ratios (ORs) and the corresponding 95% 13	

confidence intervals (CIs) were computed with Statistical Package of Social Science 14	

Software program, version 21(IBM, Armonk, NY, USA). Logistic regression models 15	

were fitted.  16	

For in vitro data, variables are expressed as means ± standard error. The 17	

Kruskal-Wallis test or one-way ANOVA test was conducted followed by a 18	

Bonferroni’s multiple comparisons test. Relationships between variables were 19	

assessed using Spearman’s rank correlation coefficient. Statistical analyses were 20	

performed using Statcel3 (OMS, Japan). 21	

 22	

Results 23	

Patient study 24	
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 Seventy-seven hypertensive patients with renal failure undergoing chronic HD 1	

were studied. Hypertension is very common in patients undergoing dialysis, and LVH 2	

is one of the most common cardiovascular problems in HD patients6, 7. Twenty-six of 3	

77 patients (30.7%) were found to have LVH. No significant difference was found in 4	

gender, age, interdialytic body weight gain, duration from initiation of first HD 5	

treatment, SBP before and after HD, or DBP before and after HD when comparing 6	

patients without LVH (LVH(-)) and those with LVH (LVH(+)) (Table 1). 7	

The distributions of XRCC3 Thr241Met genotypes and allele frequencies of 8	

all patients are shown in Table 3. No statistical difference was found in age, body 9	

mass index, interdialytic body weight gain, SBP before and after HD, and DBP before 10	

and after HD when comparing the Thr/Thr and Thr/Met genotype (Table 2). The LV 11	

posterior wall was thicker in Thr/Met than in Thr/Thr. The distribution of the XRCC3 12	

Thr241Met genotypes was in Hardy-Weinberg equilibrium in all patients (c2=1.34, 13	

p=0.25), and both LVH(-) (c2=0.28, p=0.60) and LVH(+) group (c2=1.87, p=0.17) 14	

(Table 3). The distribution of the XRCC3 Thr241Met genotypes and the allele 15	

frequency were shown in Table 3. There were significant differences in genotype 16	

distribution (c2=7.85, p=0.0051) and in allele frequency distribution (c2=6.80, 17	

p=0.009) when comparing the LVH(+) group and the LVH(−) group. The risk of LVH 18	

was increased in Thr/Met patients when compared with Thr/Thr patients (OR=4.61; 19	

95% CI, 1.51-14.05; P=0.005) (Table 3).   20	

 21	

In vitro experiments 22	

We investigated the possible molecular mechanisms by which the Met allele 23	

results in LVH. We first examined whether the XRCC3 241Met variant induced cell 24	

hypertrophy. CHO-K1 cells were transiently transfected either with pMMTV, human 25	
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XRCC3 cDNA of 241Thr or that of 241Met together with lacZ, and cell surface area 1	

of transfected cells was analyzed. CHO-K1 cells with the XRCC3 241Met variant 2	

were larger than those with the 241Thr variant (mean ± standard error [µm2]: 3	

pMMTV, 256.7 ± 6.9; XRCC3 241Thr, 326.73 ± 15.0; XRCC3 241Met, 405.1 ± 18.6; 4	

Figure 1a, b), indicating that the XRCC3 241Met variant induces cell hypertrophy. 5	

We next examined the phenotypic change of the cells in response to the 6	

introduction of the XRCC3 241Met variant. First, spontaneous DNA DSBs were 7	

determined by immunofluorescent study with anti-53BP1 antibody, because XRCC3 8	

is a protein participating in DSBs repair pathway. Spontaneous DSBs accumulated to 9	

a greater degree in NIH3T3 cells expressing XRCC3 241Met (3T3-241Met) than in 10	

those expressing XRCC3 241Thr (3T3-241Thr) (Figure 2a). Because DNA damage is 11	

known to be a mediator for cellular senescence8, we tested whether cellular 12	

senescence induced by ionizing radiation is increased in 3T3-241Met. Consistent with 13	

the result of spontaneous DSBs, cellular senescence was induced to a greater degree 14	

in 3T3-241Met than in 3T3-241Thr (Figure 2b). 15	

As it is known that the inflammatory signaling molecules induce hypertrophic 16	

and fibrotic responses during hypertrophic remodeling, we evaluated the expression 17	

of the IL-6, IL-8 and MCP-1 genes in 3T3-241Thr and 3T3-241Met. MCP-1 mRNA 18	

levels were higher in 3T3-241Met than in 3T3-241Thr (Figure 3a). However, there 19	

was no differences in IL-6 and IL-8 mRNA levels when comparing 3T3-241Thr and 20	

3T3-241Met (Figure 3a).  Next, TNF-a stimulated expression of the IL-6, IL-8 and 21	

MCP-1 genes was examined in 3T3-241Thr and 3T3-241Met. TNF-a significantly 22	

increased the mRNA levels of IL-6 (3T3-241Thr, p<0.05; 3T3-241Met, p<0.01) and 23	

MCP-1 (all p<0.01) (Figure 3b) but not of IL-8 (data not shown). TNF-a stimulated 24	

expression of the MCP-1 gene was significantly increased in 3T3-241Met when 25	
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compared with pMMTV or 3T3-241Thr, whereas that of IL-6 was not different when 1	

comparing 3T3-241Thr and 3T3-241Met (Figure 3b). To confirm whether the increase 2	

in MCP-1 mRNA was followed by an increase in the protein level, secreted MCP-1 3	

protein in culture medium from 3T3 cells with empty vector (3T3-empty), 3T3-4	

241Thr and 3T3-241Met was quantified by ELISA. The level of the secreted protein 5	

in 3T3-241Met was increased in basal condition compared with 3T3-empty or 3T3-6	

241Thr (Supplementary data, Figure S2). TNF-a stimulation significantly increased 7	

MCP-1 protein secretion in 3T3-empty (p<0.01), 3T3-241Thr (p<0.01) and 3T3-8	

241Met (p<0.01), and the MCP-1 protein level is higher in the medium from 3T3-9	

241Met than that from 3T3-empty or 3T3-241Thr (Supplementary data, Figure S2). 10	

FACS was used to determine the effect of XRCC3 genotypes on the cell cycle 11	

and DNA content of NIH3T3 cells. Representative images of cell cycle distribution 12	

are presented in Figure 3c. Notably, 3T3-241Met showed a marked increase in 13	

polyploidy (Figure 3c), whereas none of the 3T3-241Thr clones showed an increase in 14	

polyploidy. As summarized in Figure 3d, the cell percentage in the G2/M phase was 15	

significantly increased and G0/G1 phase was significantly decreased in 3T3-241Met 16	

when compared with 3T3-241Thr. The sum of the cell percentage in the G2/M phase 17	

and polyploidy was also significantly increased in 3T3-241Met when compared with 18	

3T3-241Thr (pMMTV, 24 ± 2%; 3T3-241Thr, 17 ± 1%; 3T3-241Met, 33 ± 6%). In 19	

addition, MCP-1 mRNA levels were positively correlated with the sum of the cell 20	

percentage in the G2/M phase and polyploidy (Figure 3e). A similar correlation was 21	

observed between MCP-1 mRNA levels and the cell percentage in the G2/M phase 22	

(data not shown).  23	

 24	

Discussion 25	
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Hypertension is the most common cause of LVH. However, not all 1	

hypertensive patients develop LVH, and the incidence of LVH does not solely depend 2	

on the duration or severity of hypertension 1. The present study sought to determine 3	

whether genetic factors, especially XRCC3 polymorphism, affect the incidence of 4	

hypertension-induced LVH and to elucidate any underlying mechanisms. The 5	

principal findings were: (1) there was a significant difference in genotype distribution 6	

(c2=7.85, p=0.0051) and allele frequency distribution (c2=6.80, p=0.009) between 7	

the LVH(+) group and the LVH(−) group in patients who were undergoing HD; (2) 8	

the risk of LVH was higher in XRCC3 241Thr/Met patients than in XRCC3 9	

241Thr/Thr patients; (3) in vitro experiments revealed that XRCC3 241Met increased 10	

spontaneous DNA damage, arrest of cells at the G2/M checkpoint, polyploidy, and 11	

cell size, and induced a proinflammatory phenotype in cells. This is the first report to 12	

show the association between XRCC3 polymorphism and LVH susceptibility and to 13	

examine its possible mechanisms. 14	

A single nucleotide polymorphism in exon 7 of the XRCC3 gene results in the 15	

amino acid change (threonine to methionine) at codon 241. As XRCC3 is one of the 16	

proteins responsible for repairing DNA DSBs, a number of studies have been 17	

conducted to clarify the association between XRCC3 Thr241Met polymorphism and 18	

cancer susceptibility9-11. We previously reported that XRCC3 deficiency or the XRCC3 19	

241Met variant results in increased endoreduplication and polyploidy3. Polyploidy 20	

results in increased cell size and increase body size in plants and animals12. Engelmann 21	

et al. reported that spontaneously hypertensive rats (SHR) have greater cardiac mass 22	

than Wistar-Kyoto rats (WKY) and that LV cardiac myocytes from SHR show 23	

significantly more polyploidy than those from WKY 13. Thus, we examined whether 24	

XRCC3 polymorphism is associated with LVH. We found that CHO-K1 cells 25	



	 14	

transfected with XRCC3 241Met were larger than those with XRCC3 241Thr. In 1	

addition, XRCC3 241Met accelerated the transition of the NIH3T3 cells from the 2	

G0/G1 phase (2n) into the G2/M phase (4n) and increased the cellular population with 3	

polyploidy (8n). These findings suggest that the XRCC3 241Met variant arrests the 4	

cells at the G2/M checkpoint or inhibits cytokinesis, thereby increasing the DNA 5	

content of the cells and inducing cell hypertrophy.  6	

Non-cardiomyocytes play a pivotal role in the development of cardiac 7	

hypertrophy. Inflammatory cytokines, such as IL-6, MCP-1, TNF-a, and transforming 8	

growth factor (TGF)-b, and neurohormonal factors, such as angiotensin II, secreted 9	

from non-cardiomyocytes are involved in the pathophysiology and progression of 10	

hypertrophy14, 15. We examined the expression of inflammatory cytokines in NIH3T3 11	

cells with 241Thr or 241Met and found that MCP-1 mRNA levels were higher in 12	

NIH3T3 cells transfected with the 241Met variant than those with 241Thr, both in the 13	

basal state and in response to TNF-a. Kuwahara et al. showed that inhibition of MCP-14	

1 with neutralizing antibodies significantly reduced macrophage accumulation and 15	

attenuated myocardial fibrosis in rat LVH that was induced by suprarenal aortic 16	

constriction16. Our data suggest that the XRCC3 241Met variant induces an 17	

inflammatory phenotype and secretion of MCP-1 in fibroblasts, which plays an 18	

important role in cardiac fibrosis and the development of LVH.  19	

In our study, FACS analysis revealed that the cell percentage in the G2 phase, 20	

including polyploid cells, was significantly increased in NIH3T3 cells transfected 21	

with XRCC3 241Met when compared with 241Thr. In addition, susceptibility to 22	

senescence by radiation-induced DNA damage increased in XRCC3 241Met clones 23	

when compared with 241Thr clones. These results are consistent with a recent report 24	

from Nakanishi and other researchers. They showed that mitosis skip, which results in 25	
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polyploidation, and sustained G2 arrest are necessary and sufficient for the induction 1	

of senescence12, 17, 18. Furthermore, there is growing evidence that DNA damage and 2	

DNA damage response induces cellular senescence and that a trait of cellular 3	

senescence is the acquisition of a senescence-associated secretory phenotype (SASP), 4	

which entails a substantial increase in the secretion of proinflammatory cytokines and 5	

chemokines8.  In our study, spontaneous DNA damage and expression of MCP-1 was 6	

increased in NIH3T3 cells with XRCC3 241Met. Further, MCP-1 mRNA levels were 7	

positively correlated with sum of the cell percentage in the G2/M phase and 8	

polyploidy. Taken together, our findings suggest that the XRCC3 241Met variant 9	

induces cellular senescence via sustained G2 arrest, which results in acquisition of a 10	

proinflammatory phenotype. 11	

 Our study has several limitations. First, we included hypertensive patients 12	

undergoing chronic HD in this study because they show continuous high blood 13	

pressure due to pressure overload and volume overload. However, as hypertension in 14	

the HD patients is multifactorial, the current results may not apply to non-HD patients 15	

with essential hypertension-induced LVH. Second, we conducted our in vitro 16	

experiments with CHO cells and NIH3T3 fibroblasts because transfection efficiency 17	

is compartively lower in cardiac cells. Further studies are required to elucidate the 18	

role of the XRCC3 241Met allele in cardiomyocytes and cardiac fibroblasts. 19	

 20	

Supplementary information accompanies the paper on the Hypertension Research 21	

website (http://www.nature.com/hr) 22	

23	
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Tables 7	

Table 1. Baseline characteristics of the patients: comparison between LVH(-) and 8	

LVH(+)  9	

Abbreviations: LVH, left ventricular hypertrophy; HD, hemodialysis; SBP, systolic 10	

blood pressure; DBP, diastolic blood pressure; LV, left ventricular; LA, left atrial. 11	

*Indicates statistical significance.  12	

 13	

Table 2. Baseline characteristics of the patients: comparison between genotypes 14	

Abbreviations: HD, hemodialysis; SBP, systolic blood pressure; DBP, diastolic blood 15	

pressure; LV, left ventricular; LA, left atrial.                                                                                                             16	

*Indicates statistical significance. 17	

 18	

Table 3.  Distribution of genotype and allele frequencies in LVH(-) and LVH(+) 19	

patients and the association between LVH and XRCC3 polymorphism 20	

Abbreviations: LVH, left ventricular hypertrophy; OR, odds ratio. 21	

*Indicates statistical significance based on the Chi-Square test. 22	

 23	

Figure Legends 24	
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Figure 1. Induction of XRCC3 241Met increases cell size. (a) Representative 1	

appearance of Chinese hamster ovary (CHO) cells transfected with pMMTV 2	

containing no insert (empty vector), 241Thr or 241Met, along with the LacZ reporter 3	

gene (scale bars of 30 µm). (b) Cell surface area of CHO cells. CHO cells were 4	

transiently transfected with pMMTV containing no insert (empty vector), 241Thr or 5	

241Met, along with the LacZ reporter gene. At least 100 cells were analyzed in one 6	

experiment, and the experiments were repeated four times. **P<0.01. A full color 7	

version of this figure is available at the Hypertension Research journal online. 8	

 9	

Figure 2.  Induction of XRCC3 241Met increases spontaneous DNA double-strand 10	

breaks and radiation-induced cellular senescence. NIH 3T3 cells were stably 11	

transfected either with pMMTV containing no insert (empty vector), 241Thr or 12	

241Met.  (a) NIH3T3 cells were serum-starved with 0.1% fetal calf serum 13	

(FCS)/Dulbecco’s modified Eagles medium (DMEM) for 24 hours, fixed and stained 14	

with anti-53BP1 antibody. All images of slides were obtained, and foci were counted 15	

automatically. Foci in approximately 4000 nuclei were counted. **P<0.01. (b) Cells 16	

were irradiated at 7 Gy and maintained for 5 days in growth medium prior to 17	

Senescence-associated b-galactosidase (SA b-gal) staining (scale bars of 300 µm). 18	

*P<0.05. A full color version of this figure is available at the Hypertension Research 19	

journal online. 20	

 21	

Figure 3.  Induction of XRCC3 241Met increases relative mRNA levels of MCP-1 22	

and the cell percentages in the G2/M phase and polyploidy. NIH3T3 cells were stably 23	

transfected either with pMMTV containing no insert (empty vector), 241Thr or 24	

241Met.  (a) RNA was extracted and analyzed for the mRNA levels of MCP-1, 25	



	 21	

interleukin (IL)-6, and IL-8 by quantitative real-time polymerase chain reaction (RT-1	

PCR). *P<0.05, **P<0.01. (b) Cells were serum-starved with 0.1% fetal calf serum 2	

(FCS)/Dulbecco’s modified Eagles medium (DMEM) for 24 hours and stimulated 3	

with 10 ng/mL tumor necrosis factor (TNF)-a for 24 hours. RNA was extracted and 4	

analyzed for the mRNA levels of MCP-1, IL-6, and IL-8 by quantitative RT-PCR. 5	

*P<0.05, **P<0.01. (c) The cell cycle distribution was analyzed by fluorescence-6	

activated cell sorting (FACS). Representative images of cell cycle distribution are 7	

shown. (d) Cell cycle distribution of NIH3T3 cells with pMMTV containing no insert 8	

(empty vector), 241Thr or 241Met. Data are presented as the mean ± standard error of 9	

the ten individual clones, and experiments were repeated three times. *P<0.05, 10	

**P<0.01. (e) Relationship between cell percentage in the G2/M phase/polyploidy 11	

and relative levels of MCP-1 mRNA. Open circle represents NIH3T3 cells transfected 12	

with 241Thr, and closed circle represents those with 241Met. Data are presented for 13	

four individual clones, and experiments were repeated three times.  14	
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