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Abstract

Half of the patients who present with unstable angina (UA) develop recurrent symptoms over the 

subsequent year. Identification of patients destined to develop such adverse events would be 

clinically valuable, but current tools do not allow for this discrimination. Fibrocytes are bone 

marrow-derived progenitor cells that co-express markers of leukocytes and fibroblasts and are 

released into the circulation in the context of tissue injury. We hypothesized that, in patients with 

UA, the number of circulating fibrocytes predicts subsequent adverse events. We enrolled 55 

subjects with UA, 18 with chronic stable angina (CSA), and 22 controls and correlated their 

concentration of circulating fibrocytes to clinical events (recurrent angina, myocardial infarction, 

revascularization, or death) over the subsequent year. Subjects with UA had a >2-fold higher 

median concentration of both total and activated fibrocytes compared to subjects with CSA and 

controls. In UA subjects, the concentration of total fibrocytes identified those who developed 

recurrent angina requiring revascularization (time dependent AUC 0.85) and was superior to risk 

stratification using Thrombolysis in Myocardial Infarction (TIMI) risk score and N-terminal pro 

B-type natriuretic peptide levels (AUC 0.53 and 0.56, respectively, p<0.001). After multivariable 

adjustment for TIMI predicted death, MI, or recurrent ischemia, total fibrocyte level was 

associated with recurrent angina (HR 1.016 per 10,000 cells/mL increase, 95% CI 1.007 to 1.024; 

p<0.001). Circulating fibrocytes are elevated in patients with UA and successfully risk stratify 

them for adverse clinical outcomes. Fibrocytes may represent a novel biomarker of outcome in this 

population.
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INTRODUCTION

Patients who present under the umbrella term of acute coronary syndrome (ACS) have a 

wide range of clinical outcomes, including recurrent ischemia, need for revascularization, 

and death. While prognostic factors are well-established for patients with ST elevation 

myocardial infarction (STEMI) and non-STEMI1, identification of patients with unstable 

angina (UA) who are at increased risk of adverse outcomes has proven more elusive. Risk 

stratification of UA patients is clinically important, because this population has high rates of 

recurrent cardiovascular events over the year after their initial presentation.2 Compared to 

their troponin-positive counterparts, patients with UA have lower rates of death and MI at 

one year, but half develop recurrent ischemia requiring revascularization3, resulting in 

substantial morbidity and cost. The ability to identify UA patients during the index 

hospitalization who are at increased risk for adverse events has the potential to improve the 

outcomes of this subgroup, for example by targeting them for more aggressive therapy. 

Several biomarkers have been assessed in this population including brain natriuretic peptide 

(BNP), high sensitivity cardiac troponin T, and C-reactive protein3, 4–6. These biomarkers 

have been associated with increased short-term3, 4 and long-term5, 6 mortality, but not 

predictive of recurrent ischemic events.

Fibrocytes are circulating bone marrow-derived progenitor cells that are identified by the co-

expression of the common leukocyte antigen CD45, and the fibroblast marker collagen-1. 

Fibrocytes can home to injured tissues, differentiate into fibroblasts and myofibroblasts, and 

contribute to fibrogenesis. Fibrocytes represent <0.5% of nucleated cells in the peripheral 

blood of healthy individuals, but in fibrotic diseases blood concentrations can increase up to 

100-fold and correlate with severity of tissue injury.7–10 As fibrocytes differentiate into 

fibroblasts and myofibroblasts under the influence of the fibrogenic cytokine transforming 

growth factor (TGF)-β, they progressively lose the progenitor marker CD34 and CD45, 

retain the expression of collagens -1 and -3, and gain the expression of the myofibroblast 

marker, α-smooth muscle actin (α-SMA).11–14 Activated subsets of fibrocytes can thus be 

identified on the basis of expression of phosphorylated SMAD-2 and -3 downstream of the 

TGF-β receptor15, α-SMA, and discoidin domain receptor (DDR)-2, a cell surface receptor 

for extracellular fibrillar collagens that mediates up-regulation of matrix metalloproteinases 

and collagen turnover.16

In the context of coronary artery disease (CAD), fibrocytes have been detected in the fibrous 

cap of atherosclerotic plaques17, in areas of intimal hyperplasia18, in postmortem myocardial 

samples taken from the infarct zone of patients with MI19, and in the circulation of patients 

with acute MI.20 Given that the release of fibrocytes from the bone marrow to the peripheral 

blood is a conserved response to tissue injury, we reasoned that the extent of myocardial 

ischemia in UA may be reflected in the expansion and activation of the pool of circulating 

fibrocytes. We therefore tested the hypothesis that, in patients with UA, the number and 

phenotype of circulating fibrocytes predicts subsequent development of adverse clinical 

events.
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METHODS

Patient recruitment and blood collection

Adult patients referred for coronary angiography were recruited into an observational cohort 

study at the University of Virginia between May 2010 and June 2012. Exclusion criteria 

were: (1) inability to provide informed consent; (2) known fibrotic disease; (3) active 

infection or malignancy; (4) trauma or a surgical procedure in the prior 6 weeks, and (5) 

expected survival less than one year. The research was carried out according to the principles 

of the Declaration of Helsinki. All patients provided written informed consent. The study 

was approved by the University of Virginia’s human ethics research committee.

Chronic stable angina (CSA) was defined as chest discomfort symptoms provoked by 

exertion or emotional stress and relieved by rest or nitroglycerin.21 UA was defined as 

having ≥ 2 negative troponin levels at least 12 hours prior to coronary angiography and rest, 

new onset, or worsening chest discomfort.22 Subjects without CAD as documented on 

coronary angiography prior to valve surgery served as controls. Results of coronary 

angiography were retrieved from the cardiac catheterization electronic database reporting 

system. Obstructive CAD was defined as the presence of ≥ 75% angiographic luminal 

diameter stenosis in at least one major epicardial artery or ≥ 50% luminal diameter stenosis 

of the left main coronary artery. Following arterial access and prior to angiography or 

heparin administration, 10ml of peripheral blood was drawn from the arterial sheath, 

anticoagulated with heparin, and immediately placed on ice. The samples were centrifuged 

(135 g, 10 minutes at 4 °C) and the plasma was stored at −80°C. Patients with unstable 

angina underwent coronary angiography and blood sample collection within 24 hours of 

their hospital admission.

Measurements

Total circulating fibrocytes and fibrocyte subsets were identified by flow cytometry without 

ex vivo manipulations as previously described.13, 23 Briefly, the blood samples were 

centrifuged and the buffy coat layer collected. Contaminating red blood cells were lysed and 

were washed, re-suspended and passed through 100 μm nylon mesh filters to remove 

clumps. The concentration of leukocytes in each sample was quantified by enumerating live 

cells under a hemacytometer using trypan blue exclusion. Cells were then brought to a 

concentration of 107 per mL and 100 μl of suspension used for staining. The cells were 

stained with surface markers anti-CD45-V500 (clone H130), anti-CXCR4 APC (clone 

12G5), anti-CD34 PerCP (clone 8G12) (BD Biosciences), anti-DDR2 PerCP (Santa Cruz 

Biotech), or isotype controls. The cells were then permeabilized with a BD Cytofix/

Cytoperm kit (BD Biosciences) and stained with anti5α-SMA-PE (R&D Systems, 

Minneapolis, MN, USA), anti-collagen-1 (Col-1) DyLight 488 (Rockland, Gilbertsville, PA, 

USA), and anti-p-SMAD2/3 DyLight 650 (Santa Cruz Biotech), or isotype control 

antibodies. Anti-collagen, anti-DDR2, anti-p-SMAD2/3, and respective control antibodies 

were conjugated to PerCP, DyLight 650 or 488 using Lightning-Link (Innova Biosciences) 

or DyLight conjugation kits (Thermo Fisher Scientific, Waltham, MA, USA) according to 

the manufacturer’s instructions. Samples were analyzed on a FACS Canto-II using Diva 

software (version 5.0.3, BD Biosciences). Compensation beads and the BD FACSDiva 
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software algorithm were used for compensation. Forward- and side-scatter gates were used 

to exclude clumps and debris and data from 30,000 events of the remaining population were 

collected. Cells were analyzed by first gating on the CD45+ population and then collagen-1+ 

population, with negative control thresholds set at 0.5% using matched Ig control. The 

CD45+Col1+ population was then analyzed for staining for other antigens, using respective 

isotype controls. We identified the total fibrocyte population as CD45+Col1+ cells and 

subsets as activated CD45+ Col1+ α-SMA+ cells, fibrocytes expressing phosphorylated 

SMAD-2/3 (CD45+ Col1+ p-SMAD-2/3+), DDR2-expressing fibrocytes (CD45+ Col1+ 

DDR2+) and CD34-expressing fibrocytes (CD45+ CD34+ Col-1+). Representative flow 

cytometric plots show our gating strategy (Figure 1). Absolute concentration of each cell 

type was determined as the product of the ratio of that population to parent CD45+ 

population and the concentration of live leukocytes in the sample.

Plasma TGF-β1 and N-terminal pro-B-type natriuretic peptide (NT-proBNP) levels were 

measured using commercial ELISA kits according to the manufacturer’s instructions (R&D 

Systems, Minneapolis, MN, USA).

Clinical events

Clinical follow-up for all subjects was collected by reviewing the electronic medical records 

and by telephone interview at 6 months and 1 year. Cardiac events including recurrent 

angina, MI, need for coronary revascularization either with percutaneous coronary 

intervention (PCI) or coronary artery bypass graft (CABG) surgery, and death were 

recorded. Reports of clinical outcomes were independently verified by chart review by two 

investigators (M.A.M., E.C.K.).

Statistical analysis

Chi-squared test was used to compare PCI rates and extent of CAD at baseline between UA 

and CSA groups. Comparisons among two or more groups were performed the using the 

Kruskal-Wallis test. Comparisons between subjects with and without recurrent events were 

performed using the Mann-Whitney test. Time dependent receiver operating characteristic 

curve analysis was done to evaluate the performance of total fibrocytes and their activated 

subset as a predictor of clinical events. Probability values (two-sided) were considered 

statistically significant if <0.05.

Two separate Cox proportional hazards models were used to assess the association of 

circulating fibrocyte levels with adverse events in subjects with UA independent of currently 

known predictors of poor outcome. The first model included the total fibrocyte concentration 

and the Thrombolysis in Myocardial Infarction (TIMI) percentage of all-cause mortality, 

new or recurrent MI, or severe recurrent ischemia requiring urgent revascularization.24 The 

second model included age, prior MI, diabetes, and smoking. Data were analyzed using 

Prism statistical software (Version 6.0, GraphPad Software, La Jolla, California, USA) or R 

(version 3.1.0; open source, www.R-project.org).25
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RESULTS

We prospectively enrolled 95 consecutive subjects (55 with UA, 18 with CSA and 22 

controls without CAD). The three groups were similar with respect to baseline 

demographics (Table 1). Compared with subjects without CAD, patients with UA and CSA 

had higher rates of chronic aspirin and beta-blocker use and prior coronary revascularization.

Compared to both the control subjects and subjects with CSA, subjects with UA had a 2-fold 

higher median concentration of total fibrocytes (Figure 2A). The median concentration of 

fibrocyte subsets expressing phosphorylated SMAD-2/3 (indicating response to TGF-β), α-

SMA (indicating an activated phenotype), and DDR2 (indicating upregulation of collagen 

receptors) were also elevated in subjects with UA (Figure 2B–D). In contrast, the 

concentration of CD34+ fibrocytes (defined as CD45+ Col1+ CD34+ cells) represented only 

12% of the total fibrocyte concentration in the no CAD group, 13% in subjects with CSA, 

and 11% in subjects with UA, and did not differ significantly between groups (Supplemental 

figure 1). This suggests that CD34 is not an optimal marker for circulating fibrocytes in this 

population. Plasma levels of the profibrotic cytokine TGF-β1, in UA subjects in the middle 

and highest tertiles for the activated (α-SMA+) subset of fibrocytes were significantly higher 

than those in the lowest tertile (Figure 3).

One year clinical follow-up was obtained for all 95 subjects. Recurrent angina requiring 

revascularization occurred in 15 (27.3%) of the subjects with UA and 3 (16.7%) of those 

with CSA. There were no MIs or deaths. Among the subjects with UA, those who had 

recurrent angina were predominately men (Table 2); otherwise there were no significant 

differences. Among patients with UA, however, those who required revascularization had 

significantly higher concentrations of circulating fibrocytes at initial presentation compared 

to those who did not (Figure 4A–D). Moreover, the concentration of total fibrocytes and 

their activated subset on first presentation identified those patients who developed recurrent 

angina requiring revascularization over the subsequent year [time dependent AUC at 1 year 

0.85 and 0.84, respectively] (Figure 5A–B) and was superior to risk stratification using the 

TIMI risk score24 (0.85 vs. 0.53, p<0.001) (Figure 5C). Similar to the TIMI risk score, NT 

pro-BNP had minimal discriminatory value in predicting recurrent angina at one year (AUC 

0.56) compared to circulating fibrocyte concentrations (Figure 5D). Among patients with 

UA whose total circulating fibrocyte concentration exceeded a threshold value of 9.2 × 106 

cells/mL on initial presentation, 53% required revascularization within a year, whereas none 

of the patients with fibrocyte counts below the threshold required a procedure.

Finally, we assessed the predictive value of fibrocytes after adjustment for the TIMI 

predicted percentage of all-cause mortality, new or recurrent MI, or severe recurrent 

ischemia requiring urgent revascularization. Total fibrocyte level remained strongly 

associated with recurrent angina (HR 1.016 per 10,000 cells/mL increase in circulating 

fibrocytes, 95% CI 1.007 to 1.024; p <0.001). Similar results were found when adjusted for 

age, prior MI, diabetes, and smoking (HR 1.016 per 10,000 cells/mL increase in circulating 

fibrocytes, 95% CI 1.006 to 1.027; p= 0.003). These data suggest that, in our cohort, 

circulating fibrocytes were strongly associated with future adverse events independent of 

conventional risk factors.
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DISCUSSION

Our findings are unique in that we found circulating fibrocyte concentrations to be strongly 

predictive of recurrent ischemic events requiring revascularization. Although the mechanism 

is unknown, we speculate that it may reflect the role fibrocytes play in tissue repair and 

fibrosis.

Fibrocytes have not been studied extensively in the context of human heart disease, but have 

been causally linked to myocardial fibrosis in mouse models of acute MI and ischemic 

cardiomyopathy.26–28 In humans, the concentration of circulating fibrocytes are elevated in 

subjects with hypertensive cardiomyopathy29, and in the myocardium in patients who died 

of MI.19 Of specific relevance to unstable angina, experimental data suggest a role of 

fibrocytes in atherosclerotic plaque repair following injury: In human carotid 

endarterectomy specimens, fibrocytes accumulate in regions of plaque growth and repair, co-

localized with TGF-β, and contributed to formation of the fibrous cap.30 In animal models, 

collagen 1 and α-SMA-expressing bone marrow progenitor cells have been shown to traffic 

to areas of intimal hyperplasia after endovascular injury31,32 and in a model of transplant 

vasculopathy, higher numbers of circulating fibrocytes were associated with more severe 

vasculopathy.33 Together these studies suggest that fibrocytes play an important role in 

vascular remodeling following injury.

In the context of troponin-positive ACS, circulating fibrocytes were previously reported to 

comprise a smaller proportion of total leukocytes in subjects with acute MI as compared to 

those with CSA or healthy controls than we report here20. There are several possible 

explanations for this discrepancy, including differences in the patient population under study 

and differences in the timing of the acquisition of fibrocytes in relationship to symptom 

onset. Most importantly, however, differences in the definition of fibrocytes explain the 

discrepant results. Specifically, we identified fibrocytes as CD45+ collagen-1+ cells and 

provide data that, in the context of unstable angina, CD45+ CD34+ collagen-1+ cells 

constitute a small subset (~10%) of this population, whereas most fibrocytes express the 

myofibroblast marker, α-SMA (Figure 1 and Supplemental figure 1). Other studies have also 

reported that only a small minority of circulating and tissue fibrocytes express CD34 in 

vivo8,13, consistent with the observation that, during in vitro culture, fibrocytes progressively 

lose expression of CD34 as they acquire the expression of α-SMA, a process that is 

accelerated by exposure to TGF-β.34 In contrast, the prior study reported only the CD45+ 

CD34+ collagen-1+ population, and not the CD45+ collagen-1+ parent population nor the 

CD45+ α-SMA collagen-1+ activated subset, thus likely significantly underestimating the 

concentration of total and activated fibrocytes.

An interesting finding in our study is the correlation between plasma TGF-β1 with 

concentrations of fibrocytes expressing α-SMA, evidence of myofibroblast-like 

differentiation. This finding provides in vivo support for the hypothesis that the profibrotic 

cytokine, TGF-β, drives fibrocyte-to-myofibroblast differentiation via phosphorylation of 

SMAD-2/3 downstream of the TGF-β receptor, which in turn stimulates proliferation, 

myofibroblast differentiation, and increased synthesis of extracellular matrix proteins.14,15 

Similarly, DDR2, a receptor tyrosine kinase that is activated when bound to extracellular 
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collagen triple helix, mediates fibroblast migration/proliferation and is required for the 

attachment of fibroblasts to collagen matrices.35 We interpret the expansion of DDR2+ 

fibrocytes as further evidence of an increased pool of circulating fibrocytes with activated 

phenotypes. Our findings are similar to those of investigators studying other inflammatory 

diseases, in which the population of circulating fibrocytes has been shown to expand, display 

an activated phenotype, and home to the site of injury.36–38

Our study has limitations. First, it is a small study without a validation cohort. Nonetheless, 

our subjects were well-characterized and one-year follow-up was obtained in all of them. 

Second, all patients underwent coronary angiography, potentially making the 

generalizability of our findings to low-risk UA patients who do not undergo angiography 

uncertain. Third, our results reflect an association but do not establish a causal relationship 

between circulating fibrocytes and prognosis in UA.

CONCLUSIONS

Our data indicate that the absolute concentration of circulating fibrocytes as well as their 

activated subsets are significantly elevated in patients with UA compared to those with CSA 

and controls. In subjects with UA, elevated fibrocyte levels during the index presentation 

were associated with recurrent angina over the subsequent year.

Speculations

Circulating fibrocytes may represent a novel biomarker of prognosis in UA. Additional 

studies are needed in order to validate these findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS

ACS acute coronary syndrome

AUC area under the curve

CABG coronary artery bypass surgery

CAD coronary artery disease

CSA chronic stable angina

DDR discoidin domain receptor
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FACS fluorescence-activated cell sorting

NT pro-BNP N-terminal of the prohormone brain natriuretic peptide

PCI percutaneous coronary intervention

SMA smooth muscle actin

SMAD mothers against decapentaplegic homolog

STEMI ST elevation myocardial infarction

TGF transforming growth factor

TIMI Thrombolysis in Myocardial Infarction

UA unstable angina
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Background

Unstable angina is among the most common presentations of acute coronary syndrome, 

but our current ability to identify patients at high risk of recurrent ischemic events is very 

limited. Fibrocytes are circulating bone marrow-derived cells that home to sites of tissue 

injury, differentiate into fibroblasts and myofibroblasts, and contribute to scar formation. 

We hypothesized that in patients with unstable angina, the number of circulating 

fibrocytes correlates with subsequent adverse events.
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Translational Significance

This study found that fibrocytes and their activated subsets were significantly elevated in 

the peripheral blood of subjects with unstable angina compared to those with stable 

angina and controls. Moreover, in subjects with unstable angina, elevated fibrocyte levels 

during the index presentation were associated with recurrent angina over the subsequent 

year. Circulating fibrocytes may represent a novel biomarker of prognosis in patients with 

unstable angina and may be involved in atherosclerotic plaque growth.
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Figure 1. 
Representative gating scheme for flow cytometric analysis. FSC-A, forward scatter; SSC-A, 

side scatter.
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Figure 2. 
Cross-sectional comparison of peripheral blood fibrocytes in subjects without coronary 

artery disease, with chronic stable angina, and with unstable angina. Total fibrocytes (panel 

A), SMAD 2/3+ fibrocytes (panel B), α-SMA+ fibrocytes (panel C) and DDR2+ fibrocytes 

(panel D) are shown. Each data point represents one subject; horizontal lines designate the 

medians. α-SMA, alpha-smooth muscle actin; CAD, coronary artery disease; Col1, 

collagen-1; DDR2, discoidin domain receptor-2.
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Figure 3. 
Transforming growth factor-β1 plasma concentration in subjects with unstable angina in the 

lowest, middle and highest tertile of α-SMA+ fibrocytes. Each data point represents one 

subject; horizontal lines designate the medians. TGF, transforming growth factor.
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Figure 4. 
Cross-sectional comparison of peripheral blood fibrocytes in subjects with unstable angina 

who did and did not develop recurrent angina at one year follow-up. Total fibrocytes (panel 

A), SMAD 2/3+ fibrocytes (panel B), α-SMA+ fibrocytes (panel C) and DDR2+ fibrocytes 

(panel D) are shown. Each data point represents one subject and horizontal bars designate 

the medians. α-SMA, alpha-smooth muscle actin; Col1, collagen-1; DDR2, discoidin 

domain receptor-2.
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Figure 5. 
Receiver operating characteristic curves of total fibrocytes (panel A), α-smooth muscle actin 

+ fibrocytes (panel B), Thrombolysis in Myocardial Infarction (TIMI) risk score (panel C), 

and N-terminal of the pro-hormone brain natriuretic peptide (NT pro-BNP, panel D) to 

predict recurrent angina at one year in subjects with unstable angina. A-SMA, alpha-smooth 

muscle actin; AUC, area under the curve; Col1, collagen-1.
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Table 1

Clinical characteristics of patients and controls

Variable Controls (n=22) CSA (n=18) UA (n=55) p value

Age (years) mean +/− SD 67 +/− 11 66 +/− 11 63 +/− 11 0.236

Sex (male) 10 (45) 11 (61) 32 (58) 0.493

Caucasian 20 (91) 16 (89) 50 (91) 0.882

Cardiovascular risk factors

 Hypertension 13 (59) 15 (83) 44 (80) 0.085

 Hyperlipidemia 18 (82) 15 (83) 43 (78) 0.934

 Diabetes mellitus 3 (14) 5 (28) 20 (36) 0.127

 Current smoker 1 (5) 2 (11) 7 (13) 0.557

 Family history of CAD 4 (18) 6 (33) 20 (36) 0.151

Prior myocardial infarction 0 6 (33) 18 (33) 0.250

Prior stroke 1 (5) 1 (5) 3 (5) 0.983

Prior PCI 0 6 (33) 17 (31) 0.009

Prior CABG 0 6 (33) 10 (18) 0.018

Ejection fraction ≥50% 16 (73) 10 (56) 34 (62) 0.521

PCI during index procedure 0 (0) 8 (44%) 17 (31%) 0.263

Medications

 Aspirin 5 (23) 16 (89) 41 (75) <0.0001

 Clopidogrel 1 (5) 5 (28) 14 (25) 0.089

 Beta-blocker 10 (45) 10 (56) 41 (75) 0.027

 ACE-inhibitor 8 (36) 10 (56) 24 (44) 0.478

 Statin 16 (73) 10 (56) 41 (75) 0.079

 Insulin 2 (9) 2 (11) 7 (13) 0.889

 Oral hypoglycemic agent 2 (9) 3 (17) 11 (20) 0.494

Values are expressed as either mean ± standard deviation (SD) or number (%). ACE, angiotensin converting enzyme; CABG, coronary artery 
bypass graft surgery; CAD, coronary artery disease; CSA, chronic stable angina; PCI, percutaneous coronary intervention; UA, unstable angina.
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Table 2

Clinical characteristics of unstable angina subjects with and without recurrent angina

Variable UA with recurrent angina
(n=15)

UA without recurrent angina
(n=40)

p value

Age (years) mean +/− SD 70 [62–77] 62 [53–69] 0.049

Sex (male) 14 (93) 19 (48) 0.002

Cardiovascular risk factors

 Hypertension 13 (87) 32 (80) 0.710

 Hyperlipidemia 12 (80) 32 (80) 1.000

 Diabetes mellitus 6 (40) 14 (35) 0.761

 Smoking 2 (13) 5 (13) 1.000

Prior CABG 2 (13) 9 (23) 0.708

Congestive heart failure 1 (7) 10 (25) 0.708

Medications

 Aspirin 13 (87) 29 (73) 0.477

 Beta-blocker 10 (67) 31 (78) 0.493

 ACE-inhibitor 7 (87) 29 (73) 0.477

 Statin 12 (80) 30 (75) 1.000

Values are expressed as either mean ± standard deviation (SD) or number (%). ACE, angiotensin converting enzyme; CABG, coronary artery 
bypass graft surgery; UA, unstable angina.
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