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1. Intro duc tion

Adhe sion of cir cu lat ing mono cytes to the vas cu lar endo the lium 

is one of the ear li est detect able events in the devel op ment of ath-

ero scle ro sis (Ross, 1999). The firm adher ence of cir cu lat ing mono-

cytes to endo the lial cells is med i ated by the b2-inte grins, a group 

of cell sur face recep tors char ac ter ized by an a-chain (CD11a, -b, -c 

and -d) non co va lently linked to a b-chain (CD18) that is iden ti cal 

for all b2-inte grins (Gam berg et al., 1998). Acti va tion of b2-inte-

grins is induced by cyto kines, che mo tac tic fac tors and coag u la-

tion fac tors, as well as by bind ing to cell sur face recep tors (Car los 

and Har lan, 1994). Height ened expres sion of b2-inte grins along 

with their counter-struc tures on endo the lial cells (e.g., ICAM-1 

for CD11a and CD11b) pro motes trans en do the lial migra tion of 

acti vated mono cytes. This pro cess is then fol lowed by mono cytic 

phago cy to sis of intra vas cu lar lip ids and secre tion of pro in flam-

ma tory cyto kines, includ ing inter leu kin (IL)-6 and tumor necro sis 

fac tor (TNF)-a (Blake and Rid ker, 2001). Pro in flam ma tory cyto-

kine pro duc tion and increased expres sion of vas cu lar cell adhe-

sion mol e cules (CAMs) results in exac er bated inflam ma tion at the 

site of the early lesion and even tual pro gres sion to ath ero scle rotic 

plaque (Best and Gersh, 2001; van der Meer et al., 2002).

Neg a tive affec tive states and traits such as anger and hos til ity 

have been asso ci ated with an increased risk of ath ero scle rotic car-

dio vas cu lar dis ease (ACVD) (Ro zan ski et al., 2005). At this time, 

how ever, the under ly ing mech a nisms that account for these asso-

ci a tions are not well under stood. We and oth ers have pos ited that 

the rela tion of state and trait mea sures of psy cho log i cal dis tress to 

ACVD may be due, in part, to inflam ma tion (Black, 2006; Kop et al., 

2003; Su arez, 2003; Su arez et al., 2004b, 2006) and par tic u larly 

the effects of stress on mono cyte func tion. Although a num ber of 

stud ies have shown that psy cho log i cal dis tress is asso ci ated with 

ele va tions in inflam ma tory bio mark ers such as IL-6 and C-reac tive 

pro tein (CRP) (e.g., Kop et al., 2008; Su arez, 2003; Su arez et al., 

2002), there is a pau city of evi dence for the rela tion of psy cho log-
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phys i o log i cal stress responses induced phe no typic changes in mono cytic expres sion of b2-inte grins that are 

con sis tent with the role of mono cytes/mac ro phages in vas cu lar inflam ma tion and increased risk of ath ero-

scle rotic car dio vas cu lar dis ease.
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i cal dis tress to changes in the expres sion of CAMs by cir cu lat ing 

mono cytes1. Of those few stud ies that have exam ined these asso-

ci a tions the results have been equiv o cal. For exam ple, one study 

showed that mono cytic sur face expres sion of CD11a decreased 

fol low ing a speech stressor (Mills et al., 2003). In con trast, a dif fer-

ent study using the same stressor reported no changes in mono-

cytic expres sion of CD11a (Go e bel and Mills, 2000). Both of those 

stud ies were lim ited in a num ber of impor tant ways, includ ing (a) 

rel a tively small sam ple size, (b) assess ment of only one or two b2-

inte grins on mono cytes, and (c) anal y sis of mean effects for the 

stress task with out con sid er ation of indi vid ual dif fer ences in psy-

cho log i cal and/or phys i o log i cal stress reac tiv ity. The cur rent study, 

there fore, aimed to clar ify the effect of acute psy cho log i cal stress 

on mono cytic b2-inte grin expres sion by exam in ing indi vid ual dif-

fer ences in stress-induced arousal of neg a tive affect (NA), adren-

er gic and car dio vas cu lar (CV) reac tiv ity as pre dic tors of changes 

in mono cyte cell sur face expres sion of three b2-inte grins (CD11a, 

CD11b and CD11c) in a large sam ple of appar ently healthy adults.

2. Meth ods

2.1. Par tic i pants

One-hun dred and sev enty-three healthy adult men and women 

were recruited from the local com mu nity. Demo graphic char ac ter-

is tics of the sam ple are pro vided in Table 1. A detailed descrip tion 

of recruit ment and sub ject entry cri te ria have been pre sented else-

where (Su arez et al., 2004b). Briefly, sub jects were recruited via 

adver tise ments placed in local news pa pers and fli ers dis trib uted 

through out the com mu nity. Inclu sion cri te ria included, age 18–50 

years, non smoker defined as less than six cig a rettes/lifetime, and a 

neg a tive his tory or cur rent diag no sis of chronic med i cal con di tions 

known to influ ence inflam ma tory bio mark ers. These con di tions 

included asthma, aller gies, arthri tis, dia be tes, can cer, hyper ten sion 

and other car dio vas cu lar con di tions as well as psy chi at ric con di-

tions. Women were required not to have used oral con tra cep tives 

6 months prior to par tic i pa tion.

Two weeks prior to their lab o ra tory ses sions, sub jects were 

required to be free of acute infec tions and recent inju ries and to 

have not under gone med i cal/den tal pro ce dures. Sub jects were also 

required not to use pre scrip tion med i ca tions and over-the-counter 

prep a ra tions, includ ing low-dose aspi rin, for 2-weeks prior to the 

study. Informed con sent was obtained prior to the study. Sub jects 

received $70 for their par tic i pa tion. The Insti tu tional Review Board 

of Duke Uni ver sity Med i cal Cen ter approved this pro to col.

Lab o ra tory ses sions for female sub jects who were pre meno pau-

sal were sched uled dur ing the fol lic u lar phase (days 5–10) of their 

men ses, a time when ovar ian hor mones are at their nadir. Con fir-

ma tion of men strual cycle phase was deter mined from blood sam-

ples col lected on the day of the lab o ra tory study. Sam ples were 

assayed for lev els of estra diol (E2) and pro ges ter one (P).

2.2. Exper i men tal pro to col

Given our inter est in bio be hav ioral mech a nisms of ACVD and 

the role of NA, the pro to col was designed to gen er ate data that 

would allow us to exam ine the rela tion ship between arousal of NA 

and molec u lar mech a nisms impli cated in ath ero scle ro sis. Based 

on the well-doc u mented rela tion ship between neg a tive affec-

tiv ity and car dio vas cu lar dis ease, we employed the Anger Recall 

Inter view (ARI) as the lab o ra tory stressor. A detailed account of 

 1 The cur rent study focused solely on mono cytes and changes in b2-inte grins. 

Other stud ies have exam ined b2-inte grin expres sion on cir cu lat ing lym pho cytes. As 

described in the intro duc tion, our focus on mono cytes stems from the inte gral role 

in ath ero scle rotic car dio vas cu lar dis ease. 

the exper i men tal pro to col has been pub lished pre vi ously (Su arez 

et al., 2004b).

Briefly, sub jects reported to the lab o ra tory between 8:00 and 

9:00 am after an over night fast. Upon arrival, sub jects were seated 

in a reclined position and a 19-gauge but ter fly nee dle was inserted 

in the ante cu bi tal vein of the right arm and a blood pressure cuff 

was placed on the left arm. After a 30 min rest period, base line 

phys i o log i cal mea sures were taken dur ing a 15 min period and this 

was fol lowed by assess ment of neg a tive affect. The 15 min base-

line period was fol lowed by a 5 min read ing task, a 5 min recov ery 

period, a 5 min ARI, and a 15 min sec ond recov ery period. The read-

ing task was used to adjust for any car dio vas cu lar increases asso-

ci ated with vocal i za tion. For the read ing task, sub jects were asked 

to read aloud a story about the ocean. To insure min i mal emo tional 

arousal, sub jects were told that they would not be eval u ated for 

either read ing style or com pre hen sion of text. Results of these 

anal y ses have been pub lished else where (Su arez et al., 2004b).

The instruc tions for the ARI directed sub jects to ver bally describe 

a per sonal event that occurred within the past 3 months and that 

elic ited feel ings of anger when it occurred and still aroused feel ings 

of anger upon recall. Fol low ing a 1 min period of prep a ra tion, sub-

jects ver bally described the event for approx i mately 4 min. To assist 

the sub jects in the recall pro cess, the exper i menter used prompts 

such as “How did that make you feel when it hap pened?”

As pre vi ously noted, we and oth ers have shown that the ARI 

evokes sig nifi  cant arousal of NA (e.g., Bolt wood et al., 1993; 

 Got tdi en er et al., 2003; Su arez et al., 2004b) as well as robust 

adren er gic reac tiv ity not only in healthy con trols (Su arez et al., 

2004b), but also in clin i cal sam ples of patients with cor o nary heart 

dis ease (Kop et al., 2008) and those with post-trau matic stress dis-

or der where responses to the ARI indi cated reduced para sym pa-

thetic sys tem func tion ing (Hughes et al., 2007). Recent stud ies 

have also shown that the ARI can evoke increases in pro in flam ma-

tory bio mark ers, such as CRP, in car diac patients (Kop et al., 2008) 

and stim u lated pro duc tion of inflam ma tory cyto kines in healthy 

con trols (Su arez et al., 2006).

The 15-min recov ery period fol low ing the ARI allowed for any 

changes in cell sur face mark ers to man i fest since stud ies have sug-

gested that immune changes may occur 15–30 min after the com-

ple tion of the task (Se ger strom and Miller, 2004).

Table 1

Dis tri bu tion, means (SD) and ranges for demo graph ics of study sam ple.

Mean (SD) Range

Char ac ter is tics of study par tic i pants

Age (yr) 26.7(7.7) 18–49

BMI (kg/m2) 24.2(1.9) 16.9–41.8

N %
Gen der

 Male 104 60

 Female 69 40

Race

 White 104 60

 Black 40 23

 Other 29 17

Exer cise reg u larly

 Yes 142 82

 No 31 18

Positive fam ily his tory

 CHD 22 13

 Hyper ten sion 29 17

Edu ca tional sta tus

 Less than or HS 5 3

 Some col lege or more 168 97
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