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High activity of acid sphingomyelinase in major depression
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Summary. Acid sphingomyelinase (A-SMase) and its reaction product cera-
mide may play a role in the pathophysiology of depressive disorders and in the
therapeutic action of antidepressive drugs. In a prospective case-control study,
A-SMase activity was measured in peripheral blood mononuclear cells of 17
patients with a major depressive episode who were free of antidepressant drug
therapy for at least 10 days and 8 healthy volunteers. In the patient group,
A-SMase activity was correlated to the score (n¼ 17, r¼ 0.64, P¼ 0.005). The
patient group exhibited higher A-SMase activity compared to healthy volun-
teers (T¼ 2.09, df¼ 21.33, P<0.05). In addition, we demonstrate that the anti-
depressants imipramine and amitriptyline induce a long-term reduction of the
activity of A-SMase in cultured cells.

Keywords: Major depression, ceramide, acid sphingomyelinase, sphingomye-
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Introduction

Acid sphingomyelinase (A-SMase, EC 3.1.4.12) is a glycoprotein that functions
as a lysosomal hydrolase, catalysing the degradation of sphingomyelin to phos-
phorylcholine and ceramide. Its name refers to the fact that its optimum activity
is approximately at pH 5. Several lines of evidence suggest a potential role of
A-SMase and its reaction product ceramide in the pathophysiology and treat-
ment of depressive disorders:

(1) Antidepressant drugs such as desipramine and imipramine inhibit the ac-
tivity of A-SMase (Albouz et al., 1986). Antidepressant drugs do not di-
rectly inhibit A-SMase, but interact with binding of A-SMase to the lipid
vesicles (K€oolzer et al., 2004), resulting in a release of the enzyme from the



membrane and a proteolytic cleavage in the lysosome. The decrease in
enzyme activity appeared to be related to the clinical effectiveness of the
drugs investigated (Albouz et al., 1986).

(2) Ceramide reversibly alters the function of the dopamine transporter, result-
ing in a decreased transport of dopamine and an increased transport of
serotonin (Riddle et al., 2003). By inhibition of A-SMase, the therapeutic
action of antidepressant drugs might result in lower levels of ceramide and
thus in a reduced serotonin transport via the dopamine transporter. In addi-
tion to a direct effect of antidepressant drugs on serotonin transporters, this
indirect effect may contribute to a delayed serotonin reuptake.

(3) Many surface receptors aggregate in rafts, i.e. cholesterol- and sphingolipid-
rich membrane microdomains (Simons and Ikonen, 1997). Hydrolysis of
sphingomyelin to ceramide changes the composition of rafts and mediates
the formation of large ceramide-enriched membrane platforms that serve
to cluster receptors, thus facilitating receptor signaling (Grassm�ee et al.,
2001). This general mechanism also might be of relevance for the etio-
pathogenesis of depression.

(4) A-SMase treatment induces energy-independent endocytosis in macro-
phages, fibroblasts (Zha et al., 1998) and in artificial membranes (Nurmienen
et al., 2002). This might also occur in neuronal cells and might be involved
in the uptake of neurotransmitters from the synaptic space.

(5) Sphingolipid-derived products have been shown to regulate several intra-
cellular proteins. Activation of certain cell surface receptors, for instance
TNF, IL-1 or CD95 results in stimulation of A-SMase and a release of
ceramide (Nishizuka, 1992; Hannun, 1994; Gulbins et al., 1995). Further,
ceramide has been shown to regulate the activity of protein kinase C
(Tanabe et al., 1998; Johns et al., 1999; M€uuller et al., 1995), phospholipase
A2 (Huwiler et al., 2001; Koumanov et al., 2002), transacylase (Latorre et al.,
2003), stress-activated protein kinases (Westwick et al., 1995), kinase sub-
strate of Ras (Zhang et al., 1997), ceramide-activated protein phosphatase
(Dobrowsky and Hannun, 1992) and cathepsin D (Heinrich et al., 2000).

(6) Ceramide has been shown to be involved in the regulation of several ion
channels, i.e. the potassium channel Kv1.3 (Gulbins et al., 1997) and the
Calcium-Release activated Calcium Channel, CRAC (Lepple-Wienhues
et al., 1999). It is quite possible that ceramide alters the activity of ion
channels in neurons and thereby contributes to the induction of major
depression.

Therefore, we tested the hypothesis of an altered activity of A-SMase in
patients with major depressive disorder.

Materials and methods

Patients and healthy volunteers were investigated in a prospective case-control study. The volun-
teers were free of neurologic and psychiatric disease and did not take any medication (4 males,
4 females, age range 28–52 years, mean 36.6� 8.0 years). The patient group consisted of 17
patients (5 males, 12 females, age range 33–72 years, mean 48.0� 12.6 years) with a current
major depressive episode according to DSM-IV (Diagnostic and Statistical Manual of Mental
Disorders, 4th edition) criteria. Comorbidities were allowed. The score of the 17-item Hamilton
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Depression Rating Scale (17-HDRS) was between 16 and 28. All patients were free of antide-
pressant medication for at least 10 days. Both patients and controls were biologically unrelated.
The study was approved by the local ethics committee. Written informed consent was obtained
from all participants.

20 ml blood was drawn from patients and volunteers. Peripheral blood mononuclear cells
(PBMC) were isolated by Ficoll-density gradient centrifugation. The activity of A-SMase was
determined by immunoprecipitation of the enzyme from cell lysates as well as in whole cell
lysates as previously described (Grassm�ee et al., 1997).

Statistical analyses were computed using SPSS for Windows 12.0.1. Data were analyzed in an
exploratory manner using two-tailed parametric statistics. Deviations from a normal distribution
were determined by the Kolmogorov-Smirnov-test. A p<0.05 was regarded as significant. Mean
values are given� SD.

Results are means from duplicate determinations. All assays were performed by a scientist
who was unaware of the diagnostic assignments of the samples.

Results

Our data show a high correlation between the activity of A-SMase measured
in whole cells and in cell lysates (n¼ 25, r¼ 0.99, P<0.001). Therefore, the
further results are reported for A-SMase activity in lysates only. The variance of

Fig. 1. Relationship between A-SMase activity in cell lysates in peripheral blood mono-
nuclear cells and 17-HDRS score. Higher activity of A-SMase was associated with more
severe depression (n¼ 17, r¼ 0.64, P¼ 0.005; figure with linear regression line and 95%

confidence intervals)
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A-SMase activity in patients was higher than in healthy volunteers (Levene test,
F¼ 6.45, P¼ 0.018, see also Fig. 1). The results showed a significant increase
of the constitute activity of the A-SMase in peripheral blood mononuclear cells
of patients with severe major depression, while the A-SMase activity was
only weakly increased in patients with a mild form of depression. Overall, the
A-SMase activity was higher in patients (T¼ 2.09, df¼ 21.33, P<0.05) and
significantly correlated to 17-HDRS scores (n¼ 17, r¼ 0.64, P¼ 0.005). There
was no significant relationship between age or sex and A-SMase activity.

Patients age, A-SMase activity and 17-HDRS score were not different from
a normal distribution. While sex distribution was matched between healthy
volunteers and patients (Fisher’s exact Test, P¼ 0.19), the control patients were
younger (patients 48.0� 12.6 years vs controls 36.6� 8.0 years, T¼ 2.32, df
23, P¼ 0.03).

Treatment of peripheral blood mononuclear cells from healthy control per-
sons with imipramine (10 mM) or amitriptyline (10mM) resulted in a rapid
reduction of the A-SMase activity (Fig. 2). Daily addition of imipramine or
amitriptyline was sufficient to keep A-SMase activity reduced over a period
of three weeks (Fig. 2). Removal of the drugs resulted in normalization of the
A-SMase activity within 5 days. Daily measurements of the A-SMase activity
during this time did not show either an overshooting increase or a rebound of
A-SMase activity in the reconstitution phase (Fig. 2). Finally, control studies
indicate that the activity of the A-SMase did not significantly differ between
peripheral blood mononuclear cells freshly isolated or cultured for 30 days
(Fig. 2).

Fig. 2. Kinetics of imipramine- and amitriptyline-induced inhibition of A-SMase in peripheral
blood mononuclear cells of healthy volunteers. Activity of the A-SMase was determined for
2 days prior and over 20 days after addition of each 10 mM imipramine or amitriptyline.
The inhibitors were added daily. In addition, A-SMase activity was determined over time in

untreated cells. Shown are the mean � SD of two independent experiments
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Discussion

Circumstantial evidence links A-SMase activity to major depression, leading us
to investigate the activity of this enzyme directly in patients with major depres-
sive disorder. We detected enhanced activity of A-SMase in depressed patients
compared to controls and a correlation between the degree of depression as
measured with 17-HDRS score and A-SMase activity. These results were not
explained by antidepressant medication or by differences in age or sex distribu-
tion. Only patients who were free of antidepressant drug therapy for at least 10
days were included in this study. Control experiments confirm that this time
frame is sufficient to restore A-SMase activity, even after a prolonged treat-
ment. In cell culture experiments, administration of antidepressant drugs led
to reduced A-SMase activity (Albouz et al., 1986; K€oolzer et al., 2004), which
is confirmed by the present study. The higher A-SMase activity in the patient
group indirectly confirms that the patients were free of antidepressant drugs. It
is unlikely that previous antidepressant drug therapy had upregulated A-SMase
in depressed patients, since we were not able to show an overshooting A-SMase
activity after removal of the drugs in vitro. Control subjects were younger
compared to the patient group. However, there was no correlation between
age and A-SMase activity. Furthermore, while the A-SMase activity was higher
in patients with a more severe depression, mean age was not different in these
patients.

There is probably a close correlation between the activity of A-SMase in
peripheral blood mononuclear cells and brain tissue: In Niemann-Pick disease
low A-SMase activity has been found both in the brain (Besley and Elleder,
1986) as well as in peripheral blood (Grassm�ee et al., 2001). Furthermore, drugs
like desipramine reduce A-SMase activity in brain tissue (Sakuragawa et al.,
1977) as well as in peripheral blood mononuclear cells as described in the
present article. Though not proven, it is therefore quite possible that A-SMase
activity in major depression is not only enhanced in peripheral blood mono-
nuclear cells but also in brain tissue.

The pathophysiological significance of enhanced activity of A-SMase in
major depression remains to be elucidated. However, even today there is
evidence that A-SMase is a missing link explaining previously published mo-
lecular phenomena in depression und may thus play a central role in the patho-
physiology of major depression.

Ceramide activates phospholipase A2 (Huwiler et al., 2001; Koumanov et al.,
2002) and stimulates a phospholipase A2 with transacylase activity (Latorre
et al., 2003; Abe and Shayman, 1998). Furthermore, ceramide 1-phosphate is
a direct activator of cytosolic phospholipase A2 (Pettus et al., 2003). Ceramide
alters the fatty acid specificity of phospholipase A2 towards arachidonic acid
(Koumanov et al., 2002). Given the enhanced activity of A-SMase, these effects
of ceramide and ceramide 1-phosphate should result in an increased activity of
phospholipase A2 in major depression and a relative or absolute increase in the
ratio of omega 6 to omega 3 fatty acids. Indeed, increased levels of serum
phospholipase A2 have been found in mood disorders (Noponen et al., 1993).
Lipid-dependent signalling mechanisms involving phospholipase A2 are altered
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in depressed patients (Ross et al., 2004). A number of studies have investigated
the metabolism and therapeutic effects of polyunsaturated fatty acids in major
depression showing changes in brain phospholipid metabolism and increased
ratio of omega 6 to omega-3 fatty acids (Adams et al., 1996) in mood disorders.
Together, there is evidence of increased activity of phospholipase A2 in
mood disorders, which might be caused and=or enhanced by higher activity
of A-SMase.

Ceramide differentially regulates protein kinase C isoforms (Tanabe et al.,
1998; Johns et al., 1999) with an inhibition of PKC-alpha and an activation of
PKC-zeta (M€uuller et al., 1995). Enhanced activity of A-SMase should therefore
result in reduced activity of at least some protein kinase C isoforms in major
depression. Indeed, decreased as well as increased activities of protein kinase C
have been reported in depression (Akin et al., 2005; Pandey et al., 1997, 2004;
Coull et al., 2000). These abnormalities belong to the key disturbances in major
depression, which are thought to be corrected by antidepressant drugs.
Although speculative, it is possible that the normalization of ceramide upon
correction of an increased A-SMase activity also results in a normalization of
PKC-activities.

Major depression constitutes a major risk factor for both the development
of cardiovascular disease and death after an index myocardial infarction
(Musselman et al., 1998). Increased levels of sphingomyelinase might be in-
volved in the pathogenesis of atherosclerosis (Marathe et al., 1999; Aug�ee et al.,
2000). Further, a deficiency in omega-3 fatty acids might explain cardiovascular
abnormalities in depression (Severus et al., 1999) and an increased activity of
sphingomyelinase might thus indirectly contribute to the association between
depression and cardiovascular disease via ceramide-induced activation of phos-
pholipase A2 and transacylase.

Taken together, these preliminary data might enhance our understanding of
the pathophysiology and pathobiochemistry of major depressive disorder. Com-
pared to control subjects, A-SMase activity is higher in patients with severe
major depression and A-SMase activity correlates with the severity of depres-
sion. Via ceramide production, enhanced activity of A-SMase may have broad
consequences for synaptic transmission and more specifically might increase
serotonin uptake via the dopamine transporter. Thus, an inhibition of A-SMase
and ceramide-release may finally result in an increase of the serotonin-concen-
tration in the synaptic space. Enhanced activity of A-SMase might be the miss-
ing link explaining previously described abnormalities in depression such as
altered activity of protein kinase C, increased activity of phospholipase A2 and
changes in omega 6 to omega 3 fatty acids. Furthermore, our results might
explain the link between depression and cardiovascular disease. Tricyclic anti-
depressant drugs might normalize the enhanced activity of A-SMase in de-
pressed patients via proteolytic degradation of A-SMase. Finally, the results
of our study suggest a novel molecular target for antidepressant drug therapy.
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