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Abstract

Objective—The aim of the current study was to examine the relationship between clinical 

markers of inflammation and 8-oxo-7,8-dihydro-2′deoxyguanosine (8-oxodG), an oxidative stress 

marker, in middle-aged women drawn from the HANDLS study, a longitudinal epidemiologic 

study.

Methods and Results—We examined commonly assayed markers of inflammation, the DNA 

base adduct 8-oxodG, a marker of oxidative stress and cardiovascular risk factors in a cohort of 

women matched on age and race in three groups (n=39 per group) who had low (<3 mg/L) hsCRP, 

mid (>3–20 mg/L), and high (>20 mg/L) hsCRP. We found a significant relationship between 

hsCRP level and the oxidative stress marker, 8-oxodG. 8-oxodG was positively correlated with 

systolic blood pressure, pulse pressure and IL-23. hsCRP was associated with obesity variables, 

HDL, serum insulin levels, IL-12p70 and ICAM-1. Incubation of primary human endothelial cells 

with hsCRP generated reactive oxygen species in vitro. Furthermore, hsCRP specifically induced 

DNA base lesions, but not other forms of DNA damage including single and double strand breaks.

Conclusions—These data suggest that in women 8-oxodG is associated with hsCRP and is 

independently related to select cardiovascular risk factors. Our data in women suggest that hsCRP 

may contribute to cardiovascular disease by increasing oxidative stress.
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Introduction

Accumulating evidence indicates that the levels of high sensitivity C-reactive protein 

(hsCRP) are important for the assessment of cardiovascular disease (CVD) risk and for the 

diagnosis and treatment of CVD. Recent data suggests that hsCRP is not only a marker of 

inflammation but may also contribute to the pathogenesis of vascular disease 1–3. However, 

whether hsCRP plays a direct role in promoting atherosclerotic processes is still 
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controversial and little is known about how hsCRP may elicit these effects 4. Nonetheless, 

important information has been obtained from correlating findings discovered from human 

populations to in vitro studies. For example, the pro-inflammatory cytokine IL-6 is known to 

induce hsCRP expression and in women hsCRP levels correlate directly with IL-6 5–7. In 

addition, hsCRP has been shown to affect the expression of various proteins that are 

important for atherosclerosis and thrombosis and is present in atherosclerotic lesions 1–3, 8.

Compelling data supports the idea that atherosclerosis is an inflammatory process. 

Furthermore, the coronary plaque environment is composed of multiple cell types including 

macrophages and other inflammatory cells that secrete cytokines and reaction oxygen 

species (ROS) that drive inflammation and oxidative stress 9. ROS generation is an 

important signaling mechanism in cells 10. However, it can be detrimental to cellular 

homeostasis by leading to DNA damage, which if left unrepaired, can lead to mutations that 

cause disease. Persuasive evidence suggests that oxidative stress induced DNA damage and 

genetic alterations may contribute to atherosclerosis 11, 12. Therefore, it is likely that both 

oxidative stress and inflammatory markers may suggest disease burden or risk. Although 

extensive research has focused on this link, it remains to be determined which markers can 

be used clinically to indicate both inflammatory and oxidative stress states 13.

Levels of the DNA damage base lesion, 8-oxo-7,8-dihydro-2′deoxyguanosine (8-oxodG), 

can be associated with increased oxidative stress as high levels of serum 8-oxodG can be 

detected in patients with systemic lupus erythematosus, Parkinson’s disease, end stage renal 

disease, and Type 2 diabetes, 14–17 and in urine and from specific tissues of various 

diseases 18. 8-oxodG has also been found to be increased in atherosclerosis plaques 11, 19, 20 

and in lymphocytes from men with premature coronary heart disease mortality 21. Although 

hsCRP and serum 8-oxodG have been found to correlate in patients with end stage renal 

disease 17, little is known about the relationship between these two markers, particularly in 

community-dwelling participants.

Here we have focused on the association between inflammation and oxidative stress by 

examining commonly assayed inflammatory markers and the DNA base adduct 8-oxodG, as 

a marker of oxidative stress in a cohort of middle-aged women with low, mid-range and 

high hsCRP values who are also participants in the HANDLS study, an interdisciplinary 

epidemiologic study of health disparities in the city of Baltimore. Although traditionally in 

clinical settings hsCRP levels greater than 10 mg/L have been associated with acute illness, 

infections or autoimmune disorders not CVD risk, data from the Women’s Health study 

showed that hsCRP values remain predictive for cardiovascular events for the entire range of 

values 22, 23. In fact, women in the Women’s Health Study with hsCRP values >10 mg/L 

were considered to be a “very high risk” group and those with hsCRP values ≥20 mg/L were 

observed to be at exceptionally elevated risk for vascular disease. Moreover, women have 

higher levels of hsCRP than men 24, 25 and are particularly vulnerable to CVD. CVD has 

been cited as the challenge of the middle years for women since CVD is the primary cause 

of death among women in the United States and currently more woman in the United States 

die from CVD than men 26. We found that serum hsCRP levels correlate significantly with 

8-oxodG. We have further investigated the connection between hsCRP and 8-oxodG and 

found that hsCRP induces ROS and DNA base lesions in vitro. Our findings suggest that 
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hsCRP production may enhance inflammatory processes, such as atherosclerosis and 

thrombosis, in part by increasing oxidative stress and inducing DNA damage.

Materials and Methods

Participants

We conducted a nested-cohort study comparing inflammatory markers with the oxidative 

stress marker 8-oxodG on women drawn from the Healthy Aging in Neighborhoods of 

Diversity across the Life Span (HANDLS) study of the National Institute on Aging 

Intramural Research Program (NIA IRP) 27, approved by the MedStar Health Research 

Institute Institutional Review Board. HANDLS is an area probability sample of Baltimore 

City based on the 2000 Census data and this study examines the effects of race (whites and 

African Americans) and socioeconomic status (below or above 125% of the Federal poverty 

level) on health outcomes in a cohort of urban adults aged initially between 30–64. Women 

selected all gave written consent to store serum, had available serum for examination, and 

had completed HANDLS baseline assessment. We matched three groups of women (39 per 

group) who had low (<3 mg/L) hsCRP, mid (>3–20 mg/L), and high (>20 mg/L) hsCRP on 

age and race. 86 women in the total HANDLS study cohort had hsCRP values greater than 

20.

Physical measurements and laboratory assays

Blood pressure was averaged for assessments in both arms while seated after a five minute 

rest. Body mass index (weight [kg]/height [m]2) was computed from measured height and 

weight. Clinical conditions were recorded based on a structured medical history interview 

and a physical examination. We obtained fasting blood samples the serum from which was 

assayed by Quest Diagnostics (Nichols Institute, Chantilly, Virginia) or stored at −80°C. 

Fasting glucose, insulin, cholesterol, triglycerides, LDL, HDL, creatinine, LDH and hsCRP 

were measured at Quest Diagnostics. Various cytokines and inflammatory markers were 

measured in serum using Searchlight® protein arrays from Aushon Biosystems (Billerica, 

MA).

Cell lines and reagents

Human umbilical vein endothelial cells (HUVEC; Clonetics®) were purchased from Lonza 

and were maintained in EBM®-2 media supplemented with EGM-2 SingleQuots® (Lonza). 

Highly purified human recombinant C-reactive protein without sodium azide and free of 

endotoxins was specially obtained from Trichem Resources Inc.

For Figure 1C, HUVECs were incubated in a 1:10 dilution of growth media for 18 hrs in the 

presence or absence of hsCRP (25 μg/ml). Cells were lysed in sample buffer, separated by 

SDS-PAGE and immunoblotted with anti-p22phox (CS9; Santa Cruz), anti-Nox1 (Sigma-

Aldrich) or anti-actin antibodies (I-19; Santa Cruz) as a protein loading control.

8-oxodG ELISA

For 8-oxodG detection, we used the highly sensitive 8-OHdG (8-oxodG) ELISA Check kit 

from the Japan Institute for the Control of Aging (purchased from Genox Inc., Baltimore, 
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MD). The specificity of the monoclonal antibody used in the ELISA assay has been 

previously reported 28. As suggested by the manufacturer, serum samples (0.3 ml) were 

centrifuged at 15,000 × g for 60 min at 4°C through a Vivaspin ultrafiltration spin column 

(10,000 MWCO; Sartorius-Stedim Biotech). The serum filtrate (50 μl) was used directly for 

the ELISA assay or frozen at −80°C. The ELISA assay was performed blind according to 

manufacturer’s instructions and was repeated in two independent experiments. There was a 

significant degree of repeatability in the two 8-oxodG assays (intraclass correlation = .45, 

p<.001) and the average 8-oxodG value from the two experiments was used for further 

analysis.

Immunofluorescence

To monitor superoxide production, HUVECs were plated on 4-well chamber slides and 18 

hrs later cells were incubated in serum-free media with either the superoxide indicator 

dihydroethidium (3 μM; Molecular Probes) or MitoSOX (3 μM; Molecular Probes) to detect 

mitochondrial superoxide. In addition, either 25 μg/ml hsCRP, 40 μM pyanocyanin (to 

induce superoxide; Enzo Life Sciences) or 10 μM Antimycin A (to induce mitochondrial 

superoxide; Sigma-Aldrich) was added to the wells and incubated for 30 min. Fluorescent 

images of superoxide or mitochondrial superoxide and phase images were taken on a Zeiss 

Observer D1 microscope with an AxioCam1Cc1 camera at a set exposure time.

HUVECs were treated for 30 min with 10 μM menadione, 25 μg/ml hsCRP (or the indicated 

hsCRP concentrations), 5 mM N-Acetyl-L-cysteine (NAC; Enzo Life Sciences) or hsCRP 

and NAC in serum-free media. NAC was added 30 min prior to the addition of CRP (for the 

NAC + CRP sample). Staining for 8-oxoG and 4′,6-diamidino-2-phenylindole (DAPI) was 

performed as previously described 29. Pictures were taken using a Zeiss Observer D1 

microscope with an AxioCam1Cc1 camera at a set exposure time and the fluorescence 

intensity of 8-oxoG stained nuclei were quantified from duplicate coverslips using 

AxioVision Rel 4.7 software. The histograms in Figure 2B and 2C represent the mean 

fluorescence intensity from three independent experiments.

Statistical analyses

Thirty-seven women per group had statistical power of 80% to detect a difference at least as 

large as 0.33 SD for matched comparisons between groups with p<0.05 and power (1-β) = 

0.8. We used mixed-model regressions to examine group differences (Table 1) and the 

effects on oxidative stress after adjusting for covariates. Categorical measures were 

examined with logistic regression. We included interactions in regression analyses only after 

they were significant following a backward elimination procedure for nonsignificant effects. 

We applied a log10 transform to hsCRP because the distribution was skewed. We used R 30 

to perform all analyses.

Results

Relationship between hsCRP and cardiovascular risk factors

To examine the relationship between hsCRP levels in woman and other variables, we 

studied a cohort of women with low (<3 mg/L), mid (>3–20 mg/L), or high hsCRP levels 
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(>20 mg/L). Each group contained 39 women and the groups were age (mean age 49.7 ± 8.1 

yr) and race (19 W, 20 AA) matched. There were no differences between low, mid, and high 

hsCRP groups on the two matching variables. Women in the mid and high hsCRP groups 

were significantly heavier than women in the low hsCRP group, had larger waist and hip 

sizes, and had greater BMI (Table 1). Women in the mid hsCRP group had significantly 

higher systolic blood pressure than women in the low hsCRP, but women in the high hsCRP 

group had greater pulse pressure suggesting that in this group increased hsCRP is associated 

with less compliant arteries at greater levels of inflammation. Women in the mid and high 

hsCRP group also had lower HDL levels and higher levels of fasting glucose and insulin.

Given the fact that hsCRP is an acute phase marker of inflammation and that atherosclerosis 

and atherothrombotic events are inflammatory processes, we examined the differences in the 

inflammatory profile of women based on hsCRP level. Surprisingly, there were few 

consistent significant differences in most of the inflammatory markers by hsCRP group 

(Table 1). Consistent with other studies, we found that IL-6 and ICAM-1 levels were higher 

in women with high hsCRP 5, 31. Compared with women in the low hsCRP group, women in 

the mid group has greater levels of IL-18 and ICAM-1, but lower levels of IL-8, IL-10, 

IL-12p70, and RAGE.

In addition to the inflammatory markers, we also examined whether hsCRP was associated 

with the oxidative stress marker, 8-oxodG. Women in the mid hsCRP group had higher 

levels of 8-oxodG than the low hsCRP group and women in the high hsCRP group had 

significantly greater 8-oxodG levels than the low hsCRP group (Table 1).

Association of hsCRP with inflammation-related conditions and diagnoses

Although participants in the HANDLS study are community dwelling, several of the 

individuals had preexisting chronic medical illnesses. Since some of these conditions are 

associated with inflammation and oxidative stress, we examined whether hsCRP levels were 

affected by the presence of these conditions. Inflammatory conditions and diagnoses were 

more prevalent in both the mid and high hsCRP groups than the low hsCRP group (Table 2). 

Those in the high hsCRP group had greater rates of self-reported asthma (OR = 3.63, 95% 

CI = 1.17–12.87), diabetes mellitus (OR = 10.29, 95% CI = 3.30–39.80), and hypertension 

(OR = 3.49, 95% CI = 1.36–9.40), but not rheumatoid arthritis, osteoarthritis, psoriasis, 

stroke, rates of cigarette smoking or statin use, coronary heart disease, metabolic syndrome 

or positive serology for hepatitis B and hepatitis C. Those in the mid hsCRP group had 

greater rates of metabolic syndrome (OR = 2.78, 95% CI = 1.09–7.40) and hypertension 

(OR = 2.63, 95% CI = 1.05–6.78), but not rheumatoid arthritis, osteoarthritis, psoriasis, 

stroke, rates of cigarette smoking or statin use, coronary heart disease, diabetes, or positive 

serology for hepatitis B and hepatitis C.

Association of 8-oxodG with age, hsCRP, anthropometrics, and inflammation-related 
markers

8-oxodG was associated with age, inflammatory markers, anthropometric measures in the 

complete sample, but the pattern of associations differed between the high, mid, and low 

hsCRP groups. In the complete sample, 8-oxodG was associated with age (r=.33, p<.001), 
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hsCRP (r=.21, p=.02), BMI (r=.20, p=.03), hip size (r=.19, p=.04), systolic blood pressure 

(r=.32, p<.001), pulse pressure (r=.33, p<.001), and IL-23 (r=.24, p=.02). In the low hsCRP 

group, 8-oxodG was associated with age (r = 0.32, p=.04), diastolic blood pressure (r=.34, 

p=.04), systolic blood pressure (r=.53, p<.001), pulse pressure (r=.45, p=.01), creatinine (r = 

0.39, p=.01), LDH (r = 0.38, p=.04), and IL-23 (r = 0.40, p=.01. In the mid-hsCRP group 

only age (r=.36, p=.02) was associated significantly with 8-oxodG and in the high hsCRP 

group only age (r=.36, p=.03) and LDH (r=.08, p=.04) were associated significantly with 8-

oxodG.

8-oxodG levels are associated with cardiovascular risk factors

We examined the association of 8-oxodG, hsCRP, race, and poverty status with 

anthropometric measures, blood pressure, clinical laboratory assays, and inflammatory 

markers (Table 3). None of the four-way, three-way, or two-way interactions were 

significant and they were removed by backward elimination. Adjusting for hsCRP, race, and 

poverty status, 8-oxodG was associated with systolic blood pressure and pulse pressure, but 

none of the anthropometric measures, clinical laboratory assays, or inflammatory markers. 

Adjusting for 8-oxodG, race, and poverty status, hsCRP was associated with BMI, weight, 

waist and hip size, waist-hip ratio, HDL, fasting glucose, insulin, IL-12p70, and ICAM-1. 

Adjusting for 8-oxodG, hsCRP, and poverty status, race was associated with systolic blood 

pressure, pulse pressure, LDL, triglycerides, RAGE, ICAM-1, VCAM-1, and MCP-1. 

Adjusting for 8-oxodG, hsCRP, and race, poverty status was associated with weight, hip 

size, total cholesterol, LDL, HDL, and ICAM-1.

CRP increased ROS production and DNA base lesions

The strong relationship between 8-oxodG levels and hsCRP and the fact that recent data 

suggests that CRP may contribute to the inflammatory disease process, led us to investigate 

whether hsCRP itself can increase oxidative stress and potentially induce DNA damage. We 

found that hsCRP induces ROS production in human umbilical vein endothelial cells 

(HUVECs; Suppl. Figure SI), consistent with other reports 8, 32. In vascular cells, ROS is 

mainly produced by the NADPH oxidases 33–35. Therefore, we examined whether longer 

exposure (18 hrs) to hsCRP changes expression of the different NADPH oxidase (Nox) 

isoforms that are known to be important for vascular generation of ROS. We found that CRP 

increases the protein level of Nox1, but did not affect expression of Nox2, Nox4 and Nox5 

(Figure 1 and Suppl. Figure SII). Similar to previous findings, we found that hsCRP 

upregulated p22phox protein expression, a required subunit of NADPH oxidases 1. We also 

examined various antioxidant enzymes and found a modest upregulation of the cytoplasmic 

antioxidant enzyme, glutathione peroxidase (Suppl. Figure SII). However, hsCRP did not 

change the protein level of catalase, SOD1, or SOD2 (Suppl. Figure SII). Since NADPH 

oxidases generate superoxide and we observed an upregulation of Nox1 and p22phox, we 

examined whether we could detect superoxide in response to hsCRP. The well-known 

superoxide producer pyanocyanin and hsCRP both induced intracellular superoxide (Figure 

1B). In contrast to Antimycin A, which is known to generate mitochondrial superoxide, we 

did not detect mitochondrial superoxide induction by hsCRP (Figure 1C). Taken together, 

these data suggest that CRP primarily induces intracellular ROS rather than mitochondrial 

ROS.
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In order to examine whether hsCRP induces DNA damage, we immunostained HUVECs 

with antibodies against the DNA base lesion, 8-oxo-7,8-dihydro-guanine (8-oxoG), an 

analog of 8-oxodG that can be easily detected in tissue culture cells by 

immunostaining 29, 36, 37. Untreated HUVECs have a background level of 8-oxoG, which is 

consistent with previous reports 29, 36, 37. However, treatment with clinically relevant doses 

of hsCRP increased the level of 8-oxoG in a dose-dependent manner (Figure 2A–C). 

Furthermore, measurement of the fluorescent intensity of staining revealed that hsCRP 

increases 8-oxoG levels similar to the DNA damaging agent menadione (Figure 2B). To 

determine whether hsCRP induction of ROS contributes to 8-oxoG formation, we treated 

HUVECs with hsCRP in the presence of the antioxidant, N-Acetyl-L-cysteine (NAC), to 

inhibit ROS (Figure 2). The level of 8-oxoG was similar to untreated cells when cells were 

incubated with NAC alone or in combination with hsCRP, indicating that ROS is important 

for CRP-induced base damage.

We employed the alkaline comet assay to assess whether, in addition to 8-oxoG, hsCRP can 

induce other forms of DNA damage. Under these conditions the comet assay measures 

alkaline sensitive sites that include single strand breaks SSBs, alkaline labile sites and 

transient repair sites. Increased alkaline sensitive sites were observed in cells treated with 

H2O2, but not in HUVECs treated with hsCRP for 30 or 60 min (Suppl. Figure SIIIA). In 

addition, we examined whether hsCRP influences the level of double strand breaks by 

staining for phosphorylated H2AX (referred to as γ-H2AX), a marker of DSBs. As expected, 

staurosporine treatment increased γ-H2AX foci formation (Suppl. Figure SIIIB). However, 

hsCRP stimulation did not affect the levels γ-H2AX, suggesting that hsCRP does not 

substantially induce DSBs (Suppl. Figure SIIIB).

We also examined whether hsCRP can affect lipid peroxidation, another marker of oxidative 

stress. As measurement of malondialdehyde (MDA) has been used as a common indicator of 

lipid peroxidation, we analyzed MDA levels in HUVECs treated with hsCRP. hsCRP 

significantly increased the levels of MDA compared to untreated cells (Suppl. Figure SIV), 

suggesting that hsCRP can also induce products of lipid peroxidation.

Discussion

In order to gain a better understanding about the role of inflammation and oxidative stress in 

women at high risk for CVD, we examined a cohort of women in the HANDLS study based 

on three categories of hsCRP levels, low (<3 mg/L), mid (>3–20 mg/L), and high (>20 

mg/L), as this represents women at low, high, and extremely elevated risk for CVD. Each of 

these groups contained 39 women and were age and race-matched. In this study, we found 

that several clinical risk factors for CVD were associated with high circulating levels of 

hsCRP including, obesity-related parameters, HDL, glucose, insulin, IL-12p70, and 

ICAM-1. As could be expected, we observed that metabolic syndrome and hypertension 

were higher in women with mid-range hsCRP values. Diabetes, asthma, and hypertension 

were all associated with high levels of hsCRP. However, hsCRP levels were also associated 

with the oxidative stress marker, 8-oxodG. These results lend credence to the idea that there 

may be close relationships between inflammation and certain forms of oxidative stress. 

However, a limited number of studies have investigated the relationship between hsCRP and 
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serum 8-oxodG, especially in cohorts of community dwelling individuals not stratified by 

disease.

8-oxodG is an important oxidative stress marker because it is one of the most abundant 

oxidative base lesions and is also highly mutagenic 38. The contribution of DNA 

mutagenesis to cardiovascular disease is still unclear. However, emerging data indicate that 

DNA damage and other genetic alterations may play a pivotal role in the etiology and/or 

pathogenesis of atherosclerosis 11, 12. Specifically, increased levels of various DNA adducts, 

including 8-oxodG, have been found in atherosclerotic lesions 19, 20, 39, 40. In addition, 8-

oxodG accumulates in hypertensive aged rats 41 and may be related to serum levels of 

antibodies against oxidized LDL, which is important because oxidation of LDL and the 

generation of antibodies against oxidized LDL are implicated in the progression of 

atherosclerosis 42. In this report, additional evidence suggests that in humans 8-oxodG levels 

can be reduced upon treatment with fluvastatin, indicating that cholesterol lowering 

therapies may reduce oxidative stress burden and DNA damage levels. Similarly, decreased 

levels of urinary 8-oxodG and hsCRP were also observed after treatment with rosuvastatin, 

as well as calcium blocking agents in hypertensive patients 43–45.

These data and the fact that circulating lymphocytes from patients with atherosclerosis have 

higher levels of 8-oxodG than control subjects and 8-oxodG accumulation in lymphocyte 

DNA is associated with higher rates of death from premature coronary artery 

disease 11, 21, 46, led us to examine the level of 8-oxodG in the serum rather than urinary 8-

oxodG. Although a large body of work has identified urinary 8-oxodG as an informative 

oxidative stress marker 18, 47, detection of this biospecimen relies on careful complete 

collection and storage of 24-hour urine, which may be difficult to obtain. Examination of 8-

oxodG in the serum has been widely used to compare 8-oxodG in normal and diseased 

patients 14–17. It should be noted that we used an ELISA assay to measure 8-oxodG levels. 

In most cases there is a consensus between chromatographic and ELISA measurements of 

urinary 8-oxodG, however, it is observed that higher levels of urinary 8-oxodG are obtained 

with the ELISA kit 47, 48, although it remains to be determined whether this is also the case 

for serum levels of 8-oxodG. Nevertheless, our results show that 8-oxodG levels in the 

serum increase with age, which is consistent with data in the literature that this lesion and 

other biomarkers of oxidative stress increase with age 18, 49.

Importantly, we observed that 8-oxodG levels are associated with clinical cardiovascular 

risk factors such as age, hsCRP, BMI, hip circumference, systolic blood pressure and pulse 

pressure and IL-23 levels. Interestingly, 8-oxodG correlates with creatinine levels only in 

the low hsCRP group and with LDH in both the low and high hsCRP groups (but not the 

overall group or in the mid group), although in opposite ways. These relationships are 

interesting and suggest that 8-oxodG and hsCRP status may influence the levels of these 

clinical markers, and will be important to explore further in the future. 8-oxodG levels were 

significantly higher in participants who had osteoarthritis or were HIV positive, which is 

consistent with the fact that these diseases are associated with high levels of inflammation 

and oxidative stress.

Hooten et al. Page 8

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2015 October 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Surprisingly, we found a strong association of 8-oxodG levels with systolic blood pressure 

and with pulse pressure, independent of hsCRP level. These data indicate that although there 

is a strong relationship between hsCRP and 8-oxodG, these markers may give an indication 

of different aspects of inflammation. For example, in our cohort of woman hsCRP may 

reflect the inflammatory status related to metabolic factors, whereas, 8-oxodG levels may 

give a better indication of the properties of blood vessels and vascular health. We also found 

that race was associated with systolic and pulse pressure, LDL, triglycerides, RAGE, 

ICAM-1, VCAM-1 and MCP-1. Poverty status was related to obesity parameters, 

cholesterol, LDL, HDL, LDH, and ICAM-1. It is interesting to speculate that some of the 

associations that we observe may contribute to the health disparities related to race and 

poverty status.

Increased levels of 8-oxodG with high hsCRP could be due to several reasons. First, our in 

vitro data demonstrate that hsCRP can increase the amount of ROS and induce the DNA 

base lesion, 8-oxoG. These data are consistent with previous reports that treatment of human 

endothelial and smooth muscle cells with hsCRP in vitro generates ROS 8, 32 and may 

further potentiate ROS signaling by increasing the levels of Nox1 and the p22phox subunit of 

the NADPH oxidase, a primary source of ROS in cells 1. In particular, increased expression 

and activation of Nox1 has been shown to promote vascular pathologies including, 

hypertension, atherosclerosis, and restenosis 33–35. Therefore, we can speculate that in vivo 

hsCRP may also induce 8-oxodG formation. Second, inflammatory cells are recruited to 

atherosclerotic plaques where they produce ROS and other inflammatory cytokines that can 

promote both inflammation and oxidative stress, leading to increased DNA damage. It will 

be interesting to examine in the future whether hsCRP induces ROS and increases Nox1 and 

p22phox expression in other cell types other than endothelial cells. In addition, other 

cardiovascular risk factors such as obesity, hyperlipidemia, and hypertension, that have 

previously been shown to increase oxidative stress could also contribute to higher levels of 

8-oxodG. Environmental factors and lifestyle could also affect levels of 8-oxodG. 

Furthermore, given our findings that hsCRP can increase MDA levels in vitro, hsCRP could 

also affect 8-oxodG levels in vivo by increasing MDA or other lipid peroxidation products 

that may in turn potentiate oxidative stress-induced DNA damage. It is interesting that we 

found that hsCRP did not induce other forms of DNA damage including SSBs and DSBs. 

However, we cannot exclude that prolonged exposure to hsCRP and/or the increased levels 

of inflammation and oxidative stress associated with vascular diseases may induce 8-oxodG, 

as well as, SSBs and DSBs in vivo.

In conclusion, in our cohort of woman we found that 8-oxodG and hsCRP are independently 

related to several cardiovascular risk factors. The present analyses were limited by a 

relatively small sample of participants. However, we had sufficient power to detect our 

anticipated effects and the sample size must be tempered by the complexity and manual 

labor involved in this assay. Future research lies in elucidating whether this relationship can 

be generalized in a larger cohort as well as in men. Nevertheless, the present sample is 

representative of an urban dwelling population. Our data suggest that 8-oxodG levels are 

associated with systolic blood pressure and pulse pressure, indicators of vascular disease, 
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whereas, hsCRP is associated with metabolic factors. These data shed new light on the 

complex interplay between inflammation and oxidative stress in CVD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
hsCRP induces superoxide in HUVECs. (A) HUVECs were untreated or treated for 18 hrs 

with hsCRP (25 μg/ml), lysed and probed with anti-p22phox, anti-Nox1 or anti-actin 

antibodies as a loading control. Relative levels of p22 phox or Nox1 were quantified from 

immunoblots and normalized to actin control. The histograms represent the normalized 

mean from 4 independent experiments + SEM. *P<0.05 by Student’s t-test.(B, C) HUVECs 

were incubated with either the superoxide detector dihydroethidium (B) or MitoSOX (C) to 

detect mitochondrial superoxide in serum-free media containing either 25 μg/ml hsCRP, 40 

μM pyanocyanin (to induce superoxide) or 10 μM Antimycin A (to induce mitochondrial 

superoxide). Representative fluorescent or phase images are shown and similar results were 

obtained in three independent experiments.
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Figure 2. 
hsCRP induces 8-oxoG in HUVECs. (A) HUVECs were mock treated (Untrt) or treated for 

30 min with 10 μM menadione (Men), 25 μg/ml hsCRP, 5 mM NAC or hsCRP and NAC in 

serum-free media. NAC was added 30 min prior to the addition of CRP. HUVECs were 

stained with anti-8-oxoG antibodies (left panels) and DAPI (right panels). (B) 8-oxoG 

fluorescent intensity was calculated as described in the Materials and Methods. (C) 8-oxoG 

fluorescent intensity was calculated from HUVECs that were mock treated (Untrt) or treated 

with the indicated concentrations of hsCRP for 30 min and subsequently stained with anti-8-

oxoG antibodies. The histograms represent the mean of three independent experiments + 

SEM. *P<0.05, **P<0.01, ***P<0.001 for the indicated comparisons using one-way 

ANOVA and Tukey’s post-hoc test.
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