
Introduction

Numerous events, which may results in the onset of an
overt systemic inflammatory response, are inevitable in-
duced in the course of cardiac surgery (12). Among these
potentially harmful events, many stand out as the most cli-
nically relevant to the very nature of surgical injury and the
inevitable mechanical manipulation of the heart muscle. In
addition, the contact of both humoral and cellular compo-
nents of blood with artificial surfaces together with tran-
sient endotoxemia results in most cases from splanchnic
hypoperfusion, and last but not least, from ischemia. Re-
perfusion injury of the heart and the lungs skew bodily
regulations towards inflammation (1, 4, 18). Massive, so-
metimes exaggerated, immune cell activation is a charac-
teristic feature of this process. Cellular activation is
inseparably linked to the calcium mobilisation in which the
CD38 molecule is clearly involved. Indeed, it has now been
firmly established that CD38 is a multi-functional enzyme
catalyzing the metabolism of two distinct Ca2+ messengers,
cyclic ADP-ribose (cADPR) and nicotinic acid adenine di-
nucleotide phosphate (NAADP) (14).

CD38 is a 42 kDa type II transmembrane glycoprotein
with its enzymatic active site located outside the cell (6).

Thus, CD38 is an extracellular enzyme or an ecto-enzyme,
similar to some other leukocyte markers, including CD13,
CD26, CD39, CD73 and CD157 (5). CD38, originally
identified to be expressed in cells of lymphoid lineage and
displaying stage – related variations, has much broader ex-
pression, regarding nowaday knowledge.

It is ubiquitously expressed in virtually all tissues. It is
present not only on cell surfaces but also in various intra-
cellular organelles, including the nucleus (3). It now ap-
pears that CD38 plays multiple roles in regulating the
survival, activation, differentiation, migration and death
of immunocytes (20). Indeed, CD38 expression profiles,
as defined by staining with anti CD38 antibodies, are still
widely used as diagnostic and prognostic markers for hu-
man diseases such as AIDS and chronic B-cells leukemias
(17).

Our aims were to follow the dynamics of the expressi-
on of the CD38 molecule on lymphoid and myeloid cells
in the peripheral blood of patients undergoing cardiac sur-
gery either with (“on-pump”) or without (“off-pump”) the
use of cardiopulmonary bypass. Another goal of our study
was to discover if there are significant differences in the
expression of CD38 between “on-pump” and “off-pump”
patients.
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Patients

Forty patients (31 male, mean age 67.9 ± 9 years and 9
female, mean age 66.4 ± 6.4 years, collective mean age 67.6
± 8.5 years) referred for first-time coronary artery bypass
grafting were enrolled in this study. Patients underwent
either conventional myocardial revascularization with car-
diopulmonary bypass and cardioplegic arrest of the heart
(“on-pump”, n=20, 16 male, 4 females, mean age 69.4 ± 7
years) or beating heart surgery (“off-pump”, n=20, 15 males,
5 females, mean age 65.9 ± 9.7 years). The patients were
randomly assigned either to “on-pump” or to “off-pump”
surgery by a member of the cardiac surgery staff outside the
research team who was blinded to all variables pertinent to
the study design.

Patients in both groups were comparable in age, pre-
operative left ventricular ejection fraction (median 0.65 in
“on-pump”, 0.65 in “off-pump” patients, respectively) and
the number of performed coronary anastomoses (median
2.0 in “on-pump”, 2.0 in “off-pump”, respectively). All pa-
tients had been taking 100 mg of aspirin in one daily dose,
which was stopped five days before the operation. Patients
treated with anti-inflammatory agents, either steroids or
NSAID, were excluded from the study, as were patients
with serum creatinine ≥ 130 μmol/l or with hepatic disor-
ders. No patients were known to suffer from concomitant
malignancies. Patients with active infectious diseases are
not admitted to elective CABG in our department. The stu-
dy protocol was approved by the Ethics Committee of the
University Hospital in Hradec Králové. All active subjects
had given informed written consent.

Cardiac surgical procedure

Cardiopulmonary bypass, “off-pump” technique and
anesthesiological management have been recently de-
scribed in detail elsewhere (13).

Blood sampling

Venous blood (peripheral venous blood from an ante-
brachial vein) was withdrawn in the operating room and
during the postoperative period in the intensive care unit.
Samples were collected into heparinized Vacutainer tubes
manufactured by Becton Dickinson (NY, USA).

In “on-pump” patients, blood was withdrawn at fol-
lowing time points:
1: introduction to anaesthesia, which in both groups repre-

sented the baseline or reference value for all parameters
measured thereafter:
1a: before cross-clamping of the aorta
1b: after aortic cross-clamp release
1c: after termination of CPB

2: after termination of the operation
3: the first postoperative day
4: the third postoperative day
5: the seventh postoperative day.

In “off-pump” patients, blood was withdrawn at:
1: introduction to anaesthesia
2: after termination of the operation
3: the first postoperative day
4: the third postoperative day
5: the seventh postoperative day.

Methods

Double immunofluorescence standard whole blood
staining method was used. Briefly, 25 μl of heparinized ve-
nous blood was incubated with the given pair of monoclo-
nal antibodies (2x3μl) for 20 minutes at room temperature.
After subsequent lysis (10 min) of red blood cell (Optilyse
C, IMMUNOTECH, Marseille, France) samples, they were
washed with buffered saline solution (PBS) and resuspen-
ded in PBS with azide. The following combinations of mo-
noclonal antibodies were used: CD45–FITC/CD14–PE
(LeukoGate) to distinguish between myeloid cells and lym-
phoid cells, isotypic control IgG1–FITC/IgG1–PE, CD45–
FITC/CD38–PE monoclonal antibodies which were pur-
chased from IMMUNOTECH, Marseille, France. Measure-
ments were performed using FACSCalibur flow cytometer
and data acquired by CellQuest software (BD Bioscience,
NY, USA). Lymphocytes and myeloid cells were identified
on the basis of different CD45 v. CD14 expression (leuko-
gate). No attempt was made to distinguish between granu-
locytes and monocytes. Results of flow cytometric analysis
were expressed as a percentage of positive cells in the po-
pulation of lymphocytes and in the population of myeloid
cells.

Statistical analysis

We analyzed changes in the relative numbers of immu-
ne cells expressing CD38 in both groups of patients (“on-
pump”, “off-pump”). Samples taken at the introduction to
anesthesia were considered as a reference. Differences be-
tween “off- and on-pump” patients were also evaluated.

Data were analyzed using two-way ANOVA for repeated
measures with Fisher LSD test and Dunnett test for mul-
tiple comparisons. To exclude the confounding effect of
different ages and sexes in both groups, unpaired t-test and
Fisher’s exact test were performed.

A probability (p) value < 0.05 was considered signifi-
cant.

Statistical analysis was performed with Statistica 5.5
software (Statsoft, USA).

Results

Expression of the CD38 molecule on lymphoid cells

In “on-pump” patients, the change in the expression of
CD38 was already very rapid reaching significant increase
(p<0.001) at the weaning from CPB compared to preope-
rative levels. This increase continued through the finishing
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of surgery and the 1st postoperative day, followed by a de-
cline to the preoperative levels at the 3rd and 7th postopera-
tive days (Fig. 1).

In “off-pump” patients, the expression of CD38 was sig-
nificantly increased (p<0.01) at the 1st postoperative day
and remained significantly increased for the rest of the ob-
servation period (Fig. 1).

Comparing the dynamics of CD38 molecule expression
between “on-pump” and “off-pump”, a significant differen-
ce was not found. There was only a trend towards higher ex-
pression of the CD38 molecule in “on-pump” patients.

Expression of the CD38 molecule on myeloid cells

In “on-pump” patients the changes in the expression of
CD38 in myeloid cells arrived even quicker, at declamping
of the aorta, compared to lymphoid cells (p<0.01). This in-
crease persisted almost through the whole observation pe-
riod except the 3rd postoperative day (Fig. 2).

In “off-pump” patients, the dynamics of CD38 expres-
sion is rather monotonous compared to “on-pump” pa-
tients, being significantly higher only at the finishing of
surgery (p<0.001). The percentage of CD38 expressing
myeloid cells during the postoperative period was similar to
the preoperative values (Fig. 2).

Comparing the dynamics of CD38 molecule expression
between “on-pump” and “off-pump”, a significant diffe-
rence was not found. There was only a trend towards higher
expression of CD38 molecule in myeloid cells in “on-
pump” patients.

Discussion

Broadly expressed multifunctional ectoenzyme CD38 is
physically associated with cell surface receptors that me-
diate signalling cascades (14). It is seen early during diffe-
rentiation of immune cells on various types of progenitor
cells. Subsequently, its expression is heavily upregulated in
immune cells after their appropriate stimulation. CD38
principally participates in metabolism of two distinct Ca2+

messengers, cyclic ADP ribose (cADPR) and nicotinic acid
adenine dinucleotide phosphate (NAADP). The former is
a cyclic nucleotide that modulates the ryanodine receptor
and mobilizes the endoplasmic Ca2+ stores at neutral or al-
kaline pH. NAADP is structurally distinct from cADPR
and targets separate Ca2+ stores, for example, acidic orga-
nelles like lysosomes (14).

CD38 regulates inflammatory responses by modulating
the activity of both leukocytes and nonhaemopoietic cells
in the inflammed tissue. Enzymatic generation of cADPR
by CD38 regulates intracellular calcium release and cal-
cium influx during neutrophil activation, including their
adhesion and chemotaxis (2). This is very relevant to our
cardiac patients, as their blood cells granulocytes are
heavily stimulated during surgery both by the contact with
artificial surfaces in “on-pump” patients or by numerous
proinflammatory stimuli that are raised in all cardiac surgi-
cal patients irrespective of the surgical strategy used.

Many parameters of granulocytes describing their acti-
vation status have already been identified and published.
Upregulation in the expression of an activated form of leu-
kocyte β2 chain integrin CD18 recognized by the MEM-148
monoclonal antibody was found in our previous study (11).
Another activation marker of phagocytic cells, high affinity
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Fig. 1: Relative percentage of CD38 positive lymphocytes
in cardiac surgical patients.

Fig. 2: Relative percentage of CD38 positive myeloids cells
in cardiac surgical patients.



receptor for Fc part of IgG immunoglobulins (FcγRI,
CD64) determined by a novel quantitative approach utili-
zing Leuko64TM kit, is also induced by cardiac surgery, as
we have shown (9).

We believe, in accordance with the suggestion of
Partida-Sanchez et al (20) who utilized infection in the mo-
delling of CD38 activity, that inflammatory cells such as
neutrophils constitutively express low levels of CD38 on
their surfaces. However, under normal conditions in vivo,
neutrophils produce only very small quantities of cADPR
because the substrate (NAD+) is limiting (7). If neutrophils
encounter free NAD+ in their extracellular environment, as
might be expected if cell damage has occurred, then the
neutrophils will be able to produce cADPR in much larger
quantities. Increased cADPR will then allow the neutro-
phils to respond to various danger signals, including che-
moattractive compounds, by activating plasma membrane
ion channels. This sustained calcium signal will allow the
neutrophils to activate and migrate. When injury or infec-
tion is resolved, extracellular NAD+ levels would return to
baseline, cADPR production by the neutrophil would be re-
duced and proinflammatory signalling throught the various
surface receptors would be attenuated.

The physiological functions of CD38 are clearly wide-
spread. Not only innate immunity in its inductory and re-
gulatory arms but also adaptive immune response is
regulated by the CD38 molecule (15, 19). Regarding its role
in the differentiation and activation in B cells lineage anti-
gen, the driven immune response of mature B cells is in-
fluenced by the activity of CD38. Such cells express CD38
and undergo a few rounds of replication before being re-
cruited to germinal centres within secondary follicles. These
cells then undergo the process of isotypic switching and so-
matic hypermutation in this microenvironment. CD38 ex-
pression is now appreciated as a prognostic marker in some
B lymphoproliferation disorders (16).

CD38 functions in T cells are mediated by cell surface
association with TcR CD3 complex receptors and other
membrane molecules. Little expression of CD38 is seen in
the resting T cells. However, CD38 is rapidly upregulated
upon lymphocytes activation, as also evident from our re-
sults. CD38 ligation induces activation of transcription
factors involved in the development of inflammatory
responses, such as NFκB. Activation of cells via CD38
leads to increased production of cytokines, especially INFγ
by T cells (22). Cardiac surgery also leads to T cell activa-
tion (8). In our previous work, the percentage of HLA DR
expressing lymphocytes in “on-pump” patients was signifi-
cantly higher compared to “off-pump” patients on the 1st

and 2nd postoperative days (8). It was a surprise for us to
see that the number of CD38 positive lymphocytes in “off-
pump” patients was significantly increased through the
entire observation period in comparison to “on-pump” pa-
tients in whom the number of CD38 positive cells was
already returning back to the preoperative value on the 3rd

postoperative day.

In conclusion, we are in harmony with the opinion of
others utilizing infection as a model of inflammation (20).
We propose that CD38 in cardiac surgical patients works
in a fashion ressembling surveillance receptors such as
Toll-like receptor activity (10). When cell damage occurs,
ecto-enzyme CD38 is activated by increased substrate avail-
ability and produces significant quantities of calcium – mo-
bilizing metabolites that can modulate proinflammatory
activities of a complex cell substrate of inflammation raised
in cardiac surgical patients by the presence of danger sig-
nals (23). When the cellular damage has been controlled,
metabolites produced by CD38 molecule activity regulating
calcium mobilization in cells are reduced and proinflam-
matory activities of cells are attenuated. CD38 does not
recognize danger signals directly as regular pattern reco-
gnition receptors do. Instead, CD38 acts essentially as
a sensor for endogenous cell damage and necrosis.

CD38 is now the focus of interest as a promising target
to modulate inflammatory response (21). Several com-
pounds with the potential to modulate CD38 activity are
now being tested exploiting in vitro and animal models.
Based on the substantial progress in this field, it is plausible
that CD38 agonists could enrich therapeutical armamenta-
rium of all physicians coping with undesired inflammatory
response in their patients, including cardiac surgeons.
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