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Abstract
Background—Lipoprotein-associated phospholipase A2 (Lp-PLA2) is a risk factor for coronary
artery disease (CAD) in nontransplant patients. We evaluated the association between Lp-PLA2,
cardiac allograft vasculopathy (CAV) assessed by 3D intravascular ultrasound, and incidence of
cardiac adverse events in heart transplant recipients.

Materials and Methods—Fasting blood samples were obtained and stored from a cross-section
of 112 cardiac transplant recipients attending the Mayo cardiac transplant clinic in 2000 to 2001,
mean of 4.7 years after transplant. Lp-PLA2 was measured in plasma aliquots using an enzyme-
linked immunoassay. Fifty-six of these patients subsequently underwent two 3D intravascular
ultrasound studies in 2004 to 2006 12 months apart. Cardiovascular (CV) events included
percutaneous coronary intervention, coronary artery bypass grafting (CABG), reduction in left
ventricular ejection fraction (LVEF) ≤45% secondary to CAV and CV death.

Results—High Lp-PLA2 level was associated with increase in plaque volume (r=0.43,
P=0.0026) and percent plaque volume (r=0.45, P=0.0004). The association remained significant
after adjusting for clinical and lipid variables. During follow-up of 5.1±1.6 years, 24 CV adverse
events occurred in 15 of 112 (13%) heart transplant patients. Lp-PLA2 level>236 ng/mL (higher
tertile) identified a subgroup of patients having a 2.4-fold increase of relative risk for combined
endpoint of CV events (percutaneous coronary intervention, CABG, LVEF<45%, and CV death;
95% CI 1.16–5.19, P=0.012) compared with patients with Lp-PLA2≤236 ng/mL.

Conclusions—Lp-PLA2 is independently associated with progression of CAV and predicts a
higher incidence of CV events and CV death in transplant patients. This finding supports the
concept that systemic inflammation is an important mediator of CAV. Lp-PLA2 may be a useful
marker for risk of CAV and a therapeutic target in posttransplant patients.
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Cardiac allograft vasculopathy (CAV), a unique form of accelerated atherosclerosis, is a
major cause of late morbidity and mortality in heart transplant patients. In the 2006
International Society for Heart and Lung Transplantation registry, after 5 years of
posttransplantation, CAV, and late graft failure (likely due to CAV) together account for
30% of deaths (1).

The pathogenesis of CAV seems to be multifactorial, including both immune mediated and
nonimmune mechanisms (2). Although the relationship between a number of cardiovascular
(CV) risk factors and clinical CAV is well established, it remains unclear whether the
presence of risk factors correlates with the extent of plaque burden. Intravascular ultrasound
(IVUS) provides a high-resolution technique for quantitative assessment of vessel wall
anatomy in transplant patients, and provides a unique opportunity to study the interaction of
risk factors with plaque burden and CAV severity (3).

There is a growing body of evidence supporting the major contribution of inflammatory
pathways to the etiology of atherosclerosis (4). Inflammatory markers improve the
prediction of CV risk achieved through the analysis of traditional risk factors alone (5).
Several studies have indicated that inflammatory processes are closely linked with the
genesis of CAV (6–9).

Lipoprotein-associated phospholipase A2 (Lp-PLA2) is a novel marker of inflammation,
produced and secreted by monocytes, macrophages, platelets, and mast cells, (10) which are
all involved in atherogenesis. Several studies have found an association of Lp-PLA2 with
coronary endothelial dysfunction, (11, 12) coronary events, (13–16) and angiographically
documented coronary artery disease (17–20). However, the role of Lp-PLA2 in the
development of CAV and its association with other atherogenic substances among transplant
recipients has not been delineated.

We prospectively evaluated the association between Lp-PLA2 and other risk factors for
CAV, effect of Lp-PLA2 on progression of CAV assessed by 3D IVUS and subsequent
incidence of CV adverse events over 5 year follow-up in a cohort of posttransplant patients.

METHODS
After Institutional Review Board (IRB) approval and informed consent, fasting blood
samples were obtained and stored from a cross-section of 112 cardiac transplant recipients
attending the Mayo cardiac transplant clinic in 2000 to 2001. At the time of enrollment,
4.7±3.1 years after transplantation, all patients were receiving immunosuppressive therapy
with cyclosporine/tacrolimus, azathioprine/mycophenolate mofetil, and prednisone if
necessary, and were free from acute rejection, clinical signs of infection, or symptoms of
acute heart failure.

Frozen plasma aliquots were used for measurement of Lp-PLA2 mass, C-reactive protein
(CRP), small dense low-density lipoprotein (LDL), intermediate-density lipoprotein (IDL),
and routine lipids.

Lipids (total cholesterol, triglycerides, and HDL cholesterol) were measured using standard
automated enzymatic methods on a Roche COBAS MIRA system. LDL cholesterol was
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calculated as total cholesterol minus HDL cholesterol and 20% of the triglyceride level (all
expressed in mg/dL).

Serum CRP concentrations were measured on a Hitachi 912 automated chemistry analyzer
using a high-sensitivity polystyrene particle-enhanced immunoturbidimetric assay from
DiaSorin (Stillwater, MN). Intraassay coefficients of variation were 8.8%, 1.1%, and 0.4%
at 0.028, 0.20, and 1.15 mg/dL, respectively. Interassay coefficients of variation were 8.0%,
2.0%, and 1.0% at 0.05, 0.30, and 1.86 mg/dL, respectively (12).

Particle size of LDL was measured by polyacrylamide gel electrophoresis.

Lp-PLA2 mass was measured as previously described with an enzyme-linked immunoassay
(PLAC test, diaDexus, Inc., San Francisco, CA) (11, 17, 21, 22). This assay consists of two
high-affinity monoclonal antibodies to Lp-PLA2. The range of detection was 50 to 1,000 ng/
mL, and the interassay coefficients of variation were 7.8% at 276 ng/mL, 6.1% at 257 ng/
mL, and 13.5% at 105 ng/mL.

Fifty-six patients of the original cohort had undergone two surveillance 3D IVUS 12 months
apart during annual angiogram between 2004 and 2006. Of the 112 study patients, 22
patients died before performing IVUS examinations, 19 patients refused, and 15 patients did
not undergo angiogram/IVUS study because of comorbidity. As we previously described
(3), the study was performed after intracoronary administration of 100 to 200 μg
nitroglycerin. Mechanical pullback (0.5 mm/sec) was performed from the mid left anterior
descending coronary artery to the ostium of the left main coronary artery using a 20-MHz,
2.9F, solid state IVUS imaging catheter (Eagle Eye™, Volcano Therapeutics, Inc., Rancho
Cordova, CA) and a dedicated IVUS scanner (Volcano Therapeutics).

Off-line volumetric analysis of IVUS data was performed (echo Plaque 2™, version 2.5;
INDECSystems, Inc., Santa Clara, CA) by two experienced operators, who were unaware of
laboratory tests results. Proximal and mid left anterior descending coronary artery regions
were defined for the interrogated artery. Starting with the first complete vascular ring distal
to the bifurcation with the left circumflex artery lumen, plaque, and vessel volume were
analyzed. Each measured volume was normalized to the examined segment length (mm3/
mm) to compensate for the difference of the examined vessel segment length in study
patients. A plaque index was calculated as (plaque volume/vessel volume)×100%.
Simpson’s rule for volumetric measurement was used. The semiautomated contour detection
of both the lumen and the media-adventitia interface was performed at intervals of either 16
or 32 frames, depending on the heterogeneity of the image. All other measurements were
carried out automatically. Border detection was corrected manually in all frames after
automatic border detection. Next, the volume (mm3) of the vessel, lumen, and plaque in the
exact examined vessel segment length and frames were obtained and calculated as
previously described (23).

Cardiovascular events (percutaneous coronary intervention, coronary artery bypass grafting
(CABG), left ventricular ejection fraction (LVEF) ≤45% secondary to CAV, and confirmed
CV death) were retrospectively recorded in 112 patients up to September 1, 2006 (duration
of follow-up 5.1±1.6 years from blood sample).

Statistical Analysis
Data are displayed as mean±standard deviation or counts and percent, as appropriate.
Variables with heavily skewed distribution (CRP, TG/HDL, LIPA, and Lp[a]) are reported
as medians with first and third quartiles in parenthesis. Correlation coefficients of Lp-LPA2
with other risk factors for CAV and with plaque burden characteristics were calculated
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according to Pearson. Univariate and multivariate analyses used least-square regression
analysis using IVUS parameters as the dependent variable. The multivariate model included
variables with significance level P≤0.05 in univariate analysis and LDL cholesterol. Skewed
variables were logarithmically transformed for use in this model providing a better fit
model. Kaplan–Meier estimates and log-rank test were used to describe freedom from
adverse events and to compare between groups (e.g., LP-PLA2≤236 ng/mL and LP-
PLA2>236 ng/mL).

We used ordinal logistic regression for calculation of odds ratio between Lp-PLA2 tertiles.
Kaplan–Meier estimates and log-rank test were used to describe freedom from composite
endpoint (CV events and CV death) and to compare between the groups (e.g., LP-
PLA2≤236 ng/mL and LP-PLA2>236 ng/mL). For all comparisons a value of P<0.05 was
considered to be statistically significant.

RESULTS
Demographic, clinical, and laboratory characteristics of the patient’s population are reported
in Table 1. At the time of study entry, 87% of the patients were treated with statins and LDL
cholesterol level was 99.7±29.6 mg/dL. The time between blood sampling and 3D IVUS
was 4.27±0.99 years. Circulatory Lp-PLA2 level (201 ng/mL [174–251], median [IQR]) was
positively correlated with recipient age (r=0.28, P=0.004) (Table 2). Patients who undergo
transplantation for ischemic CMP had higher Lp-PLA2 levels than those who undergo
transplantation for other reasons (249.3l±64.83 ng/mL vs. 206.7±62.11 ng/mL, P=0.002).
The difference remained significant after adjustment for age (241±69.74 ng/mL vs.
207±64.26 ng/mL, P=0.044).

Circulatory Lp-PLA2 was not associated with time after transplantation (r=0.12, P=0.22),
gender (r=0.13, P=0.17), creatinine (r=0.08, P=0.42), body mass index (r=0.06, P=0.54), or
CRP (r=0.05, P=0.61) level. Lp-PLA2 positively correlated with plasma triglycerides
(r=0.31, P=0.0012), LDL-cholesterol (r=0.40, P=0.0007), IDL cholesterol (r=0.28,
P=0.0034), and total cholesterol level (r=0.33, P=0.0004) and negatively with LDL particle
size (r=−0.27, P=0.0044) (Table 2).

Lp-PLA2 Association With Changes in Volumetric Findings Assessed by 3D IVUS
The results of serial 3D IVUS volumetric assessments are presented in Table 3.

A positive correlation existed between circulating Lp-PLA2 value and change in plaque
volume (r=0.43, P=0.00026) and percent plaque volume (r=0.45, P=0.0004, Fig. 1A and B).
Male gender, donor age, body mass index, triglyceride level, LDL particle size, and time
after transplantation were also univariate predictors of either increase in plaque volume or in
percent plaque volume (Table 4).

Multivariate analysis was performed using the variables with significance level P≤0.05 in
univariate analysis and LDL-cholesterol. After adjusting for the other factors in the
multivariate analysis, circulatory Lp-PLA2 level and donor age independently associated
with increase in plaque volume (P=0.030 and P=0.008, respectively) and percent plaque
volume (P=0.016 and P=0.006, respectively).

Clinical Outcome Analyses
Lp-PLA2 Levels and CV Events—During follow-up of 5.1±1.6 years, 24 CV events
(percutaneous coronary intervention=5, CABG=3, LVEF<45%=9, and CV death=7)
occurred in 15 of 112 (13%) patients. Lp-PLA2 level>236 ng/mL (higher tertile) identified a
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subgroup of patients having a 2.4-fold increase of relative risk for combined endpoint of CV
events (95% CI 1.16–5.19, P=0.012) compared with patients with Lp-PLA2≤236 ng/mL.

Freedom from CV events over 6 years after blood sample was 72% in the highest tertile of
Lp-PLA2>236 ng/mL and was significantly lower compared with 92% in patients Lp-PLA2
level≤236 ng/mL (P=0.02, log-rank test) (Fig. 2).

DISCUSSION
This study is the first to show that circulatory Lp-PLA2 levels are significantly and
independently associated with subsequent increase in plaque burden assessed by 3D IVUS
in the transplanted heart. The higher incidence of CV events in patients with higher Lp-
PLA2 during follow-up suggests that Lp-PLA2 may serve as a marker or an active
participant in the progression of CAV and predict adverse CV outcome after cardiac
transplantation.

Correlation of Lp-PLA2 With Other Risk Factors
Consistent with previous studies in the nontransplant population (16), we found that higher
Lp-PLA2 was associated with recipient age. Independent of recipient age, we also found it
to be associated with ischemic cause of heart disease as an indication for transplant. This
suggests that Lp-PLA2 is not only a marker of atherosclerotic coronary disease, but may
also be a marker of increased global CV risk that carries forward after cardiac
transplantation. It seems possible that Lp-PLA2 is an active participant in the process of
coronary allograft vasculopathy.

In our study, there was an association between Lp-PLA2 and serum lipid concentrations,
which is consistent with the results of previous studies (13, 15, 16). There is a direct
relationship between Lp-PLA2 and total cholesterol, LDL cholesterol, IDL cholesterol, and
triglycerides and an inverse relationship with LDL particle size. The correlation between Lp-
PLA2 and non-HDL cholesterol observed in the current and the previous studies in
nontransplant populations is expected, because approximately 80% of this enzyme circulates
bound to LDL and another 7% with VLDL (21) with preference to atherogenic small dense
LDL (24). The small dense LDL particle has enhanced penetration into the vessel wall (25)
and enhanced susceptibility to oxidation (26). Only a small proportion of circulating enzyme
(<15%) is associated with HDL. Lp-PLA2 hydrolyzes the sn2 ester bond in phospholipids of
which the fatty acid moiety has been shortened or altered by oxidation to yield oxidized fatty
acid and lysophosphatidylcholine (27). These metabolites have proinflammatory properties,
and lead to increased expression of adhesion molecules and vascular inflammation (28).
Lysophosphatidylcholine has also been shown to have adverse effects on endothelial
function (29, 30). Although Lp-PLA2 is a marker of inflammation, it seems to be
independent of CRP. This finding is supported by previous studies (13, 15, 16, 31) and
emphasizes the unique and novel characteristics of Lp-PLA2 as a more specific marker of
vascular inflammation, coronary endothelial dysfunction, and atherosclerosis.

Lp-PLA2 Association With Plaque Burden Assessed by 3D IVUS
Inflammation has been recognized as a major component in the pathogenesis of
atherosclerosis (4) and may occur locally in the vessel wall (32), but signs of inflammation
often are found in the systemic circulation. Increased circulating levels of inflammatory
biomarkers are found in patients with established coronary artery disease (19, 20) and
associated with severity of coronary artery disease (16–18, 20, 21). Recent reports from our
group demonstrated that circulating Lp-PLA2 is an independent predictor of coronary
endothelial dysfunction, an established stage of early coronary atherosclerosis (11, 12).
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Although high CRP level identified patients at high risk for development of CAV, our
previous study found no association between CRP levels and angiographic CAV severity
(9). In nontransplant population, CRP was a poor predictor of the extent of atherosclerotic
disease and demonstrated poor correlations with results of tests that quantify the extent of
atherosclerosis (33–35). In our present study, we extended these observations and showed
lack of association between CRP levels and the consequent plaque burden in transplant
patients. These findings suggest that Lp-PLA2 and CRP may have different
pathophysiological mechanisms in the atherosclerotic process (36). CRP is a marker of
systemic inflammation, produced mainly in the liver, and may measure characteristics other
than atherosclerotic mass, such as the activity of lymphocyte and macrophage populations
within plaque or the degree of plaque destabilization (37). Lp-PLA2 may be more directly
related to local vascular inflammation and endothelial dysfunction (36). This suggestion is
supported by our previous observation of higher Lp-PLA2, but not CRP, production, across
the coronary circulation in patients with early atherosclerosis and endothelial dysfunction
(12).

Older donor age was independently associated with higher plaque burden in our study. In the
2006 International Society for Heart and Lung Transplantation registry, donor age was an
independent risk factor for early CAV. It is unclear, however, whether increasing donor age
represents occult pretransplant CAV or a donor age related predisposition to CAV (1).

Lp-PLA2 Association With CV Events
In patients without clinical manifestations of atherosclerosis, levels of inflammatory
biomarkers may predict future CV events. At least four large studies have shown an
association between Lp-PLA2 and the risk of future CV events in the general population
(13–16); however, no previous study has been performed among transplant patients. We
have shown that higher Lp-PLA2 levels (>236 ng/mL) are associated with a significantly
higher incidence of CV adverse events, increasing relative risk by 2.4 compared with
patients having Lp-PLA≤236 ng/mL. Thus, Lp-PLA2 may be a useful marker for risk of
CAV and CV events and may be a therapeutic target in posttransplant patients.

Several studies have shown decreases in Lp-PLA2 and LDL-cholesterol levels in response
to lipid lowering agents. Atorvastatin therapy can restore, at least partially, the dyslipidemia-
induced alterations in Lp-PLA2 distribution by increasing the ratio of HDL-Lp-PLA2 to
LDL-Lp-PLA2 levels (38). However, in contrast to CRP, which is reduced by statin therapy
in a manner independent of effects on LDL-cholesterol, the effect of pravastatin on Lp-
PLA2 levels was significantly attenuated after adjusting for changes in LDL cholesterol
level (39). In our study, 87% of patients were treated with statins, and LDL cholesterol level
was well controlled. However, patients with higher levels of Lp-PLA2 had increased plaque
burden and higher incidence of CV adverse events. This data support the notion that Lp-
PLA2 may enhance the atherogenicity of LDL and individuals with low LDL-cholesterol
but high Lp-PLA2 may therefore have much greater atherogenicity than would be expected.
Animal studies suggest that inhibitors of Lp-PLA2 may confer protection against
atherosclerosis (40) and pharmacological interventions aimed at inhibiting the Lp-PLA2
enzyme may provide incremental benefit to intensive lipid-lowering therapy. Phase II
studies are currently under way to test such compounds in humans and Lp-PLA2 has the
potential to be a therapeutic target in posttransplant patients.

Study Limitations
The cross-sectional design imposes limitation with respect to patient selection for IVUS
evaluation. However, serial IVUS was performed systematically and without knowledge of
the lipid values, so the observed relationships should not be biased by the study design.
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CONCLUSIONS
The present data demonstrate for the first time that circulating Lp-PLA2 levels are
significantly and independently associated with subsequent progression of the
atherosclerotic burden, and severity of CAV defined by 3D IVUS in the transplanted heart.
There was a higher incidence of CV events in patients in the highest tertile of Lp-PLA2
during the subsequent 5 years of follow-up. This finding suggests that Lp-PLA2 may be a
useful marker or participant in the progression of CAV and could be a therapeutic target in
post-transplant patients.
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FIGURE 1.
(A) X–Y scatterplot for the correlation between Lp-PLA2 and changes in plaque volume
(r=0.43; P=0.0026). (B) X–Y scatterplot for the correlation between Lp-PLA2 and changes
in percent plaque volume (r=0.45; P=0.0004).
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FIGURE 2.
Cardiovascular event—free survival according to Lp-PLA2 levels. Freedom from CV events
6 years after blood sample was 74% in patients with Lp-PLA2>236 ng/mL (higher tertile)
compared with 92% in patients with Lp-PLA2≤236 ng/mL (P=0.02, log-rank test). One
patient in the higher tertile had already undergone PCI before the blood sample; results
remained significant if that event was excluded from the analysis.
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TABLE 1

Patient characteristics

N=112

Age (yrs) 47.58±15.92

Male gender 90 (82%)

Indication for transplant

 Ischemic cardiomyopathy 32 (30%)

 Dilated cardiomyopathy 54 (50%)

 Other 22 (20%)

Time transplant-blood test (yrs) 5.27±3.35

Donor age (yrs) 30.06±12.56

Cold ischemic time (min) 164.57±50.02

BMI 28.73±6.25

ACE inhibitor 40 (37%)

Statin 95 (87%)

Cyclosporine 95 (84%)

Tacrolimus 18 (16%)

Azathioprine 75 (68%)

Mycophenolate mofetil 37 (32%)

Prednisone 35 (32%)

History of CMV infection 27 (25%)

Hypertension 45 (41%)

Diabetes mellitus 40 (37%)

Rejection episodes (>1B) 67 (61%)

Creatinine (mg/dL) 2.18±1.16

Glucose (mg/dL) 100 (92.0–109.75)a

Triglycerides (mg/dL) 182.19±78.48

Total cholesterol (mg/dL) 175.46±34.31

LDL-cholesterol (mg/dL) 99.71±29.64

LDL>130 mg/dL, n (%) 14 (13.5%)

LDL particle size (Å) 271 (266–275)a

HDL-cholesterol (mg/dL) 48.80±15.51

IDL (mg/dL) 33.70±10.83

Lp-PLA2 (ng/mL) 201 (174–251)a

CRP (mg/L) 1.40 (0.56–3.45)a

a
Median and IQR.
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TABLE 2

Correlation of Lp-PLA2 with clinical and lab parameters

Variables Correlation coefficient P

Recipient age 0.28 0.004

Recipient gender 0.13 0.17

Time after transplant 0.12 0.22

Ischemic indication for transplantation 0.30 0.002

BMI 0.06 0.54

Creatinine 0.08 0.42

Total cholesterol 0.33 0.0004

LDL cholesterol 0.40 0.0007

IDL cholesterol 0.28 0.003

LDL particle size −0.27 0.004

HDL cholesterol 0.008 0.94

Triglycerides 0.31 0.001

CRP 0.05 0.62
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TABLE 3

Volumetric assessment of vascular geometry and progression of allograft vasculopathy during 12 mo follow-
up (n=56)

1st 3D IVUS 2nd 3D IVUS

SL (mm) 46.04±6.69 42.59±10.55

VV/SL (mm3/mm) 13.08±3.38 13.27±3.91

LV/SL (mm3/mm) 9.25±2.48 8.89±3.04

PV/SL (mm3/mm) 3.83±1.65 4.39±1.88

% PV 29±9 33±11

SL, segment length; VV, vessel volume; LV, lumen volume; PV, plaque volume; %PV, percent plaque volume.
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TABLE 4

Univariate predictors of changes in PV and %PV, assessed by 3D IVUS

Univariate predictors of changes in plaque volume
(Δ PV/SL)

Univariate predictors of changes in percent plaque
volume (Δ %PV)

β (95% CI) Pa β (95% CI) Pa

Age 0.025 (−0.007–0.058) 0.12 0.18 (−0.007–0.368) 0.06

Male gender 1.37 (0.204–2.527) 0.02 6.96 (0.083–13.843) 0.05

Donor age 0.05 (0.009–0.092) 0.02 0.25 (0.007–0.499) 0.04

Time after transplant 0.09 (−0.069–0.257) 0.25 1.2 (0.299–2.130) 0.01

Indication for transplant-
ischemic CMP

0.64 (−0.433–1.708) 0.06 4.7 (−1.589–10.950) 0.14

BMI 0.1 (0.039–0.177) 0.003 0.37 (−0.056–0.796) 0.09

History of rejection 0.845 (−0.208–1.897) 0.11 4.407 (−1.925–10.740) 0.17

Triglycerides 0.008 (0.003–0.013) 0.004 0.05 (0.020–0.082) 0.002

HDL cholesterol −0.04 (−0.069–−0.030) 0.03 −0.24 (−0.406–−0.017) 0.03

LDL cholesterol −0.001 (−0.018–0.015) 0.89 0.009 (−0.089–0.108) 0.85

IDL cholesterol 0.06 (0.017–0.100) 0.007 0.17 (−0.086–0.423) 0.19

Log-LDL particle size −20.8 (−36.944–−4.649) 0.01 −77.9 (−175.662–19.825) 0.12

Lp-PLA2 0.005 (0.0020–0.0088) 0.0026 0.0004 (0.0002–0.0007) 0.0004

Log-CRP 0.02 (−0.393–0.426) 0.94 0.58 (−1.817–−2.971) 0.63

a
The regression coefficient (β) together with 95% confidence interval (CI) and P-values are based on univariate analysis using IVUS parameters as

the dependent variable.

PV/SL, plaque volume/segment length.
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