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Mast cells may participate actively in the inflammatory process of atherosclerotic plaques by releasing proteolytic enzymes a
ther pro-inflammsatory substances. We hypothesized that increased levels of mast cell tryptase, could be an important biomarke
ith stable coronary artery disease (CAD). We measured tryptase in 102 patients without acute coronary syndromes undergo
atheterization. Patients with significant CAD [≥50% stenosis in≥1 artery (n= 66)] had significantly higher serum tryptase than pati
ith normal angiography (n= 13) or non-significant CAD [<50% stenosis (n= 23)]. The median, 25th and 75th percentiles for tryptas

hese two groups were 8.38 (6.4 and 10.7)�g/L versus 6.78 (5.61 and 9.72)�g/L, p= 0.014. Patients in the highest quartile of tryptase le
ad a 4.3-fold risk for CAD [Odds ratio (OR): 4.3; 95% confidence interval (CI): 1.08–17.19;p= 0.04]. In a multivariate regression analy

ryptase remained an independent predictor for CAD along with age (OR: 1.178; 95% CI: 1.021–1.359,p= 0.025). High circulating tryptas
evels may be a result of chronic low-grade inflammatory activity present in atherosclerotic plaques. Tryptase measurements ma

novel way of identifying asymptomatic patients with CAD, and represent a new biomarker of therapeutic efficacy in patients with
2004 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Atherosclerosis is a complex disease characterized by
mooth muscle proliferation and migration, cholesterol de-
osition, infiltration of mononuclear cells and increased ex-

ra cellular matrix production[1,2]. Mast cells (MC) have
een consistently demonstrated as part of the inflammatory
esponse within atherosclerotic plaques[3]. Their density
s markedly higher in the shoulder region of atheroscle-
otic plaques, particularly in coronary atheroma[4–6]. Matrix
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degradation within the atherosclerotic plaque is respon
for weakening and ruptures of plaque[7,8]. Tryptase an
chymase are two proteolytic enzymes, released by MC
directly degrade certain components of the peri-cellular
trix. For example, fibronectin is proteolyzed by tryptas
a dose-dependent manner[9]. These enzymes can also
tivate matrix metalloproteinases (MMPs), which further
grade the extracellular matrix[10,11]. Tryptase activates pr
MMP-3 that in turn can activate MMP-1 (pro-collagena
the activation of MMP-1 would require very little trypta
because of this cascade effect[12,13]. Acting via this mech
anism, MC and its mediators may play an important ro
unstable plaque rupture in acute coronary syndromes[4,14].
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In addition to a role in plaque rupture, it is conceivable that
chronic mast cell activation within atherosclerotic plaques
would lead to elevated serum tryptase levels. We measured
tryptase levels in patients without acute coronary syndromes
undergoing catheterization and compared levels in patients
with and without obstructive CAD.

2. Methods

2.1. Study population and study groups

Serum tryptase was measured in 102 patients undergo-
ing cardiac catheterization with left ventriculography and
coronary angiography for a variety of clinical indications in-
cluding chest pain evaluation (n= 48), positive non-invasive
testing (38) and initial evaluation of heart failure (n= 16).
There were no specific inclusion criteria other than a will-
ingness to provide informed consent. Exclusions included
a history of cardiac transplantation, ongoing treatment with
corticosteroids and recent (<3 months) acute coronary syn-
drome (ACS) (unstable angina, non-Q-wave and Q-wave my-
ocardial infarctions). The Institutional Review Board of the
medical school approved the study protocol. The study pop-
ulation was divided into two groups: patients with significant
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diagnosis, or the use of medications or fasting blood sugar
>126 mg/dl, or admission blood pressure >140/90 mmHg or
fasting total cholesterol >200 mg/dl. All patients had a com-
plete blood count measured as part of routine pre-procedural
protocol. The pre-procedural white blood cell (WBC) count
obtained the closest to the angiography was used in patients
with more than one value on record.

2.4. Sampling and tryptase measurement

Samples were obtained from the femoral artery after
sheath insertion before heparin or contrast administration.
Samples were allowed to clot and then centrifuged at room
temperature for 5 min. The serum was removed and frozen at
−80◦C for analysis at a later date. Tryptase measurements
were performed by radioimmunoassay (Uni Cap®, Pharma-
cia, Kalamazoo, MI) and values are expressed in�g/L.

2.5. Statistical analysis

Continuous variables are expressed as mean± standard
deviation and comparisons are made with unpairedt-test
for normally distributed data. Because of extremely elevated
tryptase levels in certain patients, the data were not normally
distributed. All tryptase values are, therefore, expressed as the
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AD [≥50% stenosis in≥1 artery (n= 66)] and patients wit
ormal angiography (n= 13) or non-significant CAD [<50%
tenosis (n= 23)].

.2. Cardiac catheterization

Coronary arteriography was performed in multiple ri
nd left anterior oblique projections with cranial and ca
ngulations for visualization of all segments of the coro
rteries. Stenosis severity was determined by the cons
eading of two experienced angiographers, who were bli
o risk factors. Biplane left ventriculography was perform
n a 50◦ left anterior oblique and 30◦ right anterior oblique
rojection. Left ventricular volumes and ejection fracti
LVEF) were calculated by the biplane area–length me
ith the Wynne regression formula.

.3. Definitions

Significant CAD: At least one stenosis≥50% diameter na
rowing in at least one of the three major epicardial coro
arteries.
Non-significant CAD: The presence of any luminal irre
ularity (<50%) by angiography. Clinical congestive he
failure (CHF) was assigned to patient with≥NYHA class-
II symptoms. Peripheral arterial disease (PAD) inclu
stroke documented by computed tomography or mag
resonance imaging or persistent focal neurologic de
carotid endarterectomy, peripheral vascular surgery or
itive noninvasive lower arterial studies. Diabetes, hype
sion and hyperlipidemia were defined by a previous me
edians with 25th and 75th percentiles and comparison
ade with Mann–Whitney rank sum test. Chi-square ana
r the Fisher exact test, where appropriate, was used fo
gorical parameters. Correlation of the association bet
ryptase and CAD was done with Spearman’s rank correl
nd expressed as the correlation coefficient and tested fo
ificance using Spearman’s test for correlation. We stra

ryptase into quartiles (Q1–Q4) and compared base line ch
cteristics among these. We calculated the Cox proport
dds ratio (OR) and 95% confidence interval (CI) for the
er three quartiles of tryptase as compared to the lowest

ile for CAD. Multivariate logistic regression analysis w
sed to determine independent variables for the presen
AD {tryptase, age (expressed as categorical variable),
ender, hypertension, hyperlipidemia, diabetes, PAD, s

ng, body mass index (BMI) and pre-procedural WBC cou}.
orward, backward, and stepwise techniques were use

he multivariate regression model. The Kruskal–Wallis
as used to determine the association between the five g

n age and tryptase. Ap-value < 0.05 was considered as s
ificant. Statistical analysis was done with SIGMASTAT v
ion 2 statistical software (SPSS Inc., Chicago, IL).

. Results

.1. Patient characteristics

The mean age of the study population was 59.7± 12.2
ears. There were 69 (67.6%) males. The tryptase ra
rom 1.95 to 34.8; median and 25th, 75th percentiles w
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Table 1
Base line characteristics and admission medications between two groups

CAD (n= 66) No CAD (n= 36) p-value

Age (years) 62.9± 11.8 53.9± 10.7 <0.001
Male (%) 43 (65.2) 26 (72.2) NS
Caucasian (%) 56 (84.9) 23 (63.9) 0.03
Diabetes (%) 23 (34.9) 7 (19.4) 0.16
Hypertension (%) 43 (65.2) 23 (63.9) NS
Hyperlipidemia (%) 29 (43.9) 13 (36.1) NS
Smoking (%) 34 (51.5) 21 (58.3) NS
Prior congestive heart failure (%) 9 (13.6) 7 (19.4) NS
Peripheral arterial disease (%) 9 (13.6) 1 (2.8) 0.160
Body mass index (%) 29.1± 6.2 30± 6.3 NS
Aspirin (%) 54 (81.8) 22 (61.1) 0.04
ACE-I (%) 26 (39.4) 11 (30.6) NS
Statins (%) 11 (16.7) 9 (25) NS
LVEF (%) 60.8± 18.6 58± 17.8 NS
LVEDV (mm3) 84.1± 28.8 87.4± 31.9 NS
ESR (cm/h) 23.0± 16.9 21.3± 19.1 NS
Pre-procedural WBC count (×103 cells/mm3) 8.19± 2.45 7.19± 2.18 0.044

CAD, coronary artery disease; NS, nothing significant; ACE-I, angiotensin converting enzyme; LVEF, left ventricular ejection fraction; LVEDV, left ventricular
end-diastolic volume; ESR, erythrocyte sedimentation rate; WBC, white blood cells.

7.93 (6.1–10.0)�g/L. Baseline characteristics between the
two groups are shown inTable 1, demonstrating that pa-
tients with CAD were older (p< 0.001), predominantly Cau-
casian (p= 0.03), more often received aspirin (p= 0.04) and
had higher pre-procedural WBC count (p= 0.04).

3.2. Tryptase and CAD

The median, 25th and 75th percentiles of tryptase lev-
els were significantly higher in patients with CAD [8.38
(6.4–10.7)�g/L versus 6.78 (5.6–9.72)�g/L; p= 0.014,
Fig. 1]. The Spearman’s rank order correlation between
tryptase (continuous variable) and CAD supported a signif-
icant positive association (rs = 0.27,p= 0.014). We stratified
the serum levels of tryptase into quartiles and examined the
base line characteristics among these quartiles. Age, preva-

F ptase
(

lence of CAD and ACE inhibitors use were significantly
higher in Q4 with respect to Q1 (p< 0.05) (Table 2). The
Q4 was associated with a fourfold increased risk of CAD
as compared to Q1 [Q2:Q1, OR: 1.73, 95% CI: 0.36–8.21,
p= ns; Q3:Q1, OR: 2.44, 95% CI: 0.61–9.8,p= ns; Q4:Q1,
OR: 4.3, 95%CI: 1.08–17.19,p= 0.04]. Finally, in a mul-
tivariate regression analysis with stepwise, backward and
forward logistic regression, tryptase and age (>65 years)
were two independent variables that associated with CAD
(Table 3).

3.3. Tryptase and PAD

Even though serum tryptase levels were positively corre-
lated with CAD, PAD was not independently associated with
an increase in serum tryptase levels [8.0 (6.12–10.05)�g/L
versus 6.65 (6.1–9.2)�g/L; p= 0.458]. The Spearman’s rank
order correlation between tryptase and PAD did not support
a positive association (rs =−0.08,p= 0.456). There was no
progressive increase in prevalence of PAD with quartiles of
tryptase (Table 2).

3.4. Tryptase and age
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ig. 1. A box plot showing the median, 25th and 75th percentiles for try
mcg/L) of two groups based on CAD.
Patients in the CAD group were significantly older th
he no CAD group (62.9± 12 versus 53.9± 11; p< 0.001).
Table 1) A linear regression analysis showed a positive
elation between tryptase and age (r2 = 0.05,p= 0.019). To
urther delineate the effects of age on tryptase we divide
ge into five groups (<40 years, 40–49 years, 50–59 y
0–69 years and >70 years). Comparison was made be

hese five groups for tryptase with the Kruskal–Wallis t
ut there was no significant difference among these gr
p= 0.28;Fig. 2).
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Table 2
Base-line characteristics for quartiles of tryptase

Q1 (n= 26) Q2 (n= 25) Q3 (n= 27) Q4 (n= 24)

Tryptase (�g/L) 5.05 (3.65–5.74) 6.9 (6.48–7.31) 9.1 (8.46–9.78) 11.35 (10.6–16.7)
Age (years) 54.7± 11.3 59.8± 12.8 60.5± 12.1* 61.1± 16.1*

Sex (%) 19 (76) 17 (68) 18 (66.7) 15 (60)
Race (%) 20 (80) 15 (60) 23 (85.1) 21 (84)
Coronary artery disease (%) 12 (48) 15 (60) 19 (70.4) 20 (80)*

Diabetes (%) 5 (20) 7 (28) 8 (29.6) 10 (40)
Hypertension (%) 14 (56) 19 (76) 15 (55.6)) 18 (72)
Hyperlipidemia (%) 7 (28) 15 (60)* 11 (40.7) 9 (36)
Smoking (%) 13 (52) 17 (68) 12 (44.4) 13 (52)
Body mass index (%) 28.1± 7.1 29.8± 5.6 28.2± 3.7 31.6± 7.6
Peripheral arterial disease (%) 3 (11.5) 3 (12) 2 (7.4) 2 (8.3)
Congestive heart failure (%) 6 (23.1) 5 (20) 1 (3.7) 4 (16.7)
Statins (%) 2 (7.7) 7 (28) 8 (29.6) 3 (12.5)
Aspirin (%) 17 (65.4) 21 (84) 18 (66.7) 20 (83.3)
ACE inhibitors (%) 5 (19.2) 9 (36) 11 (40.7) 12 (50)*

WBC count (×103 cells/mm3) 7.8± 2.6 7.6± 2.4 7.6± 2.4 8.2± 2.2

Q1–Q4, quartiles 1–4; ACE, angiotensin converting enzyme; WBC, white blood cell.
∗ p< 0.05 (compared with Q1).

3.5. Tryptase and WBC

The pre-procedural WBC counts were higher in patients
with CAD, but there were no significant differences in WBC
count among the quartiles of tryptase. (Tables 1 and 2) Lin-
ear regression between tryptase (dependent variable) and
WBC count failed to show a positive correlation (r2 = 0.002,
p= 0.6). Based on the WBC levels, the patient population
was divided into two groups (normal and increased WBC
level). Again, there was no association between tryptase and
WBC count [7.8 (6.0–10.0)�g/L versus 8.0 (6.3–10.3)�g/L;
p= 0.68)].

3.6. Tryptase and heart failure

Among the 16 patients who underwent catheterization
for initial evaluation of heart failure, CAD turned out to
be the etiology in nine (56%) patients. There was no
difference in serum tryptase level between patients with

F ptase
(

Table 3
Multivariate logistic regression analysis for CAD

Independent variables Odds ratio (95% CI) p-value

Tryptase (�g/L) 1.178 (1.021–1.359) 0.025
Age (>65 years) 1.066 (1.017–1.116) 0.007
Male 0.981 (0.346–2.778) 0.970
Diabetes 2.255 (0.726–7.003) 0.160
Smoking 1.061 (0.398–2.830) 0.905
Hypertension 0.739 (0.258–2.118) 0.574
Hyperlipidemia 1.326 (0.488–3.602) 0.580
Congestive heart failure 0.537 (0.128–2.249) 0.395
Peripheral arterial disease 8.466 (0.643–111.483) 0.104
Body mass index 0.978 (0.901–1.062) 0.604

CAD, coronary artery disease; CI, confidence interval.

CHF and those without CHF [6.63 (3.90–10.05)�g/L ver-
sus 8.07 (6.2–10.0)�g/L; p= 0.184]. Linear regression be-
tween tryptase and LVEF (%) failed to show any correlation
(r2 = 0.005, coefficient = 0.629,p= 0.531). There was no pro-
gressive increase in prevalence of heart failure with quartiles
of tryptase (Table 2).

Moreover, even after the exclusion of CHF patients from
the entire study population, patients with CAD had a signifi-
cantly higher serum level of tryptase [8.5 (6.78–10.55)�g/L
versus 6.9 (5.72–9.71)�g/L, p= 0.03].

4. Discussion

Our findings of elevated circulating tryptase in patients
with CAD without clinical instability compliment the wealth
of reports evaluating the systemic profile of inflammatory
mediators in the pathogenesis of atherosclerosis. Although
elevated markers of activated mast cells have been previ-
ously described in patients with unstable coronary syndromes
[4,14], elevated serum levels of tryptase have not previously
been demonstrated in patients with stable coronary artery
disease.
ig. 2. A box plot showing the median, 25th and 75th percentiles for try
mcg/L) of five different age groups.
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There are many reports of several elevated acute phase
inflammatory mediators in unstable coronary syndromes
[15–17]. Elevations of inflammatory markers including CRP,
IL-6, serum amyloid protein A and fibrinogen have been re-
ported in patients with angiographically proven stable CAD
[18–20]. In contrast, only a few studies have measured el-
evated serum levels of tryptase with patients with ACS
[21–23]. Filipiak et al.[21] observed elevated serum tryptase
levels with ACS with ST-depression both in the acute phase
and 3 months later, but Van Haelst et al.[23] showed no eleva-
tion of serum tryptase with ACS. In our study, we excluded all
ACS (<3 months) patients and we clearly could find a positive
association between tryptase and CAD. Tryptase was signifi-
cantly associated with CAD not only as a categorical but also
as a continuous variable. In a multivariate regression model
with CAD as a dependent variable, increased tryptase was an
independent predictive marker for CAD. In addition, patients
with the highest quartile levels of tryptase also tended to be
older and used more ACE inhibitors.

Increased serum tryptase with increased age can be ex-
plained by the fact that the patients with CAD were sig-
nificantly older since there was no significant difference in
tryptase level among the different age groups. We could not
find any association of serum tryptase with LVEF and pre-
procedural WBC count.

4

n the
n otic
a at the
s
c the
a my-
o iling
h emic
e non-
a ast
c isms,
i no-
l ages
[ ied
b nary
a was
h flam-
m n
t
i mast
c ma-
t ients
m ently
d ssi-
b riph-
e f the
c ility
s antly

greater than the coronary, and they also contain mast cells and
tryptase[5]. Thus, it is possible that the correlation between
CAD and tryptase levels represents an underlying association
between CAD and PAD, with the latter being the predominant
source of tryptase.

4.2. Implications

Acute phase inflammatory markers, such as IL-6 and C-
reactive protein are elevated with unstable coronary syn-
dromes and appear to have prognostic significance[15–17].
However such markers are not helpful as screening tools for
the presence of coronary artery disease or for the monitor-
ing therapies targeting reduction of local inflammation and
plaque stabilization. Tryptase measurements may have im-
portant clinical value as a screening test for CAD in healthy
individuals, and as a means of monitoring the efficacy of ther-
apies targeting plaque stabilization in patients with known
CAD.

4.3. Limitations

Several limitations of our data merit consideration. The
relatively small number of our patients included in this study
is an important limitation. This small number limits our abil-
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.1. Explanations for increase tryptase in stable CAD

Previous studies have reported a striking increase i
umber of activated mast cells at the sites of thromb
theromatous erosion and the presence of mast cells
ite of erosion/rupture before ischemic episodes[6]. Mast
ell density was found proportional to the severity of
theroma. In addition to this, pathologic studies in cardio
pathy have demonstrated higher MC numbers in fa
earts secondary to ischemic compared to a nonisch
tiologies and higher numbers in akinetic rather than
kinetic segments[24,25]. When and how were these m
ells activated? There are number of potential mechan
ncluding being IgE mediated or stimulated by other immu
ogical activated cells, such as T lymphocytes or macroph
26–28]. Actually, mast cells were found to be accompan
y T lymphocytes and macrophages, at the sites coro
rtery erosion or rupture and the degree of degranulation
ighest at those sites where the numbers of other in
atory cells were highest[4]. Recently, it has been show

hat stress can trigger mast cell activation[29]. Our find-
ng of elevated tryptase levels could be due to ongoing
ell activation, degranulation and possibly plaque inflam
ion. The higher systemic tryptase levels in these pat
ay be explained by the fact that MC has been consist
emonstrated within coronary plaques. However, it is po
le that non-coronary plaques such as those in the pe
ral arteries or aorta account for a preponderance o
irculating tryptase levels. This is an attractive possib
ince the plaque volume in these vessels can be signific
ty to examine tryptase levels in important sub-groups s
s those with PAD. Although, we excluded all ACS patie
e do not have data on what percentage of these patien
istant ACS. Almost all our patients are Caucasian, li

ng extrapolation of the data to other ethnic groups. We
easured tryptase only once and we have no evidenc
lterations during the course of follow-up with progress
f disease. Unfortunately, the current study design did no
lude multi-site sampling. We have not correlated the se
evels of tryptase with extent of disease. We did not m
ure the two forms of tryptase separately; hence we hav
tudied the influence of factors that determine the mas
egranulation. It would have been very helpful to mea
RP and other inflammatory markers in these patients a
ith tryptase to compare the possible utility of those m
rs in monitoring therapies targeting for reduction of lo

nflammation and plaque stabilization.
We conclude that tryptase may serve as a novel inflam

ory marker in patients with stable CAD. Based on our
ervations, we speculate that high circulating tryptase l
re probably the result of the chronic low-grade inflam

ory activity present in atherosclerotic plaques. Tryptase
urements may emerge as a novel way of identifying as
omatic patients with CAD, and as a measure of therap
fficacy in patients with CAD.
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