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Abstract
Background/Aims: Recent studies indicated that an inhalation treatment of cystic fibrosis 
mice with acid ceramidase prevents and eliminates infections with Pseudomonas aeruginosa 
and Stapyhlococcus aureus. Inhalation of acid ceramidase facilitated the elimination of P. 
aeruginosa in acutely- or chronically-infected mice with cystic fibrosis. Thus, inhalation of 
acid ceramidase might be a preventive and/or curative treatment for patients with cystic 
fibrosis suffering from pneumonia. Methods: We treated cultured epithelial cells or leukemic 
T-lymphocytes (Jurkat cells) with purified acid ceramidase and determined intracellular 
signalling events, proliferation and cell survival. Specifically, we measured the activity of AKT, 
p38-kinase and p70S6-kinase using activation-specific phospho-antibodies in western blot 
studies. Trypan Blue staining served to analyze proliferation and cell survival. Results: Our 
studies indicate that treatment of Chang epithelial cells or Jurkat T lymphocytes with purified 
acid ceramidase results in a dose dependent activation of AKT, p38-kinase and p70S6-kinase, 
while tyrosine phosphorylation of intracellular proteins remains largely unchanged. Acid 
ceramidase treatment did not change expression of tight junction proteins such as ZO-1, 
ZO-2 and occludin. Cellular viability and proliferation were not affected by acid ceramidase 
treatment. Conclusion: Our data suggest that treatment of epithelial cells and lymphocytes 
with acid ceramidase results in activation of distinct pathways, in particular AKT- and p38K-
dependent pathways, while no global activation or cell death was observed. 
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These findings support the notion that inhalation of acid ceramidase could be developed to a 
treatment in cystic fibrosis patients, although further in vivo studies are required.

Introduction

Acid ceramidase (N-acylsphingosine aminohydrolase; gene symbol Asah1, for the 
mouse; ASAH1 for humans) hydrolyzes the amide ester bond in ceramide and thereby 
converts ceramide to sphingosine with the release of a fatty acid [1]. It is a lysosomal enzyme 
with a pH optimum of ~4.5, and has a primary housekeeping function in the metabolism 
of cell membranes. The complete absence of AC activity in mice results in early embryonal 
death, and in man ASAH1 mutations that reduce AC activity leads to the development of two 
complex and severe syndromes, Farber disease and Spinal Muscular Atropy with Myoclonic 
Epilepsy (SMA-PME) [1, 2]. Farber disease is characterized by severe joint contractures 
and the presence of painful joint nodules, and, depending on the severity of the disorder, 
neurological symptoms, alterations of the liver, spleen and lung, and premature death [1, 2].   
SMA-PME is characterized by progressive muscle weakness associated with the degeneration 
of spinal cord neurons, followed by the onset of myoclonic seizures.   Patients with acid 
ceramidase deficiency who have a phenotype intermediate between Farber and SMA-PME 
also have been described [1, 2].

We and others have previously shown that ceramide accumulates in airway epithelial 
cells and macrophages from mice and patients with cystic fibrosis [3-15]. In particular, these 
studies detected a significant increase of C16, C18 and C20 ceramide species in epithelial 
cells of the upper airways [7, 14, 16]. The increase of ceramide was detected in a variety of 
cystic fibrosis cells, including human and mouse lung tissue, human nasal polyps, freshly 
isolated human nasal epithelial cells, human sputum cells, mouse alveolar macrophages and 
cultured airway epithelial cells from cystic fibrosis patients, as well as in different genetic 
models of Cftr-deficient mice [3-15].

Cystic fibrosis is caused by mutations in the cystic fibrosis transmembrane conductance 
regulator (CFTR) gene [17, 18]. With an incidence of ~1 in 2500 births it is the most common 
autosomal recessive disorder in the EU and the USA [18].  In the EU and the USA combined, 
approximately 80 000 children and young adults are affected with cystic fibrosis. Clinically, 
the most important symptoms are gastrointestinal symptoms such as malabsorption and 
malnutrition, and pulmonary inflammation and infections. While the gastrointestinal 
problems are relatively well-controlled by treatment, the pulmonary problems are still very 
severe and are characterized by chronic inflammation of the airways as well as recurrent 
and chronic infections with Pseudomonas aeruginosa, Burkholderia cepacia, Staphylococcus 
aureus, Haemophilus influenzae and other pathogens, and finally bronchiectasis and fibrosis 
[19-21].

We have shown that ceramide plays a central role in the pathophysiology of lung 
alterations in cystic fibrosis [3, 5, 11, 22]. Thus, genetic or pharmacological inhibition of 
acid sphingomyelinase, an enzyme that produces ceramide from sphingomyelin, reduces 
inflammation and infection susceptibility in mouse models of cystic fibrosis [3, 22].

In addition to increased concentrations of ceramide in cystic fibrosis tracheal and 
bronchial epithelial cells, sphingosine levels are drastically reduced in airway epithelial 
cells from cystic fibrosis patients compared to the levels in healthy airways [11, 22, 
23].  Sphingosine, a sphingoid long-chain base, kills a variety of pathogens including 
P. aeruginosa, Acinetobacter baumannii, Haemophilus influenzae, Burkholderia cepacia, 
Moraxella catarrhalis, Escherichia coli, Fusobacterium nucleatum, Streptococcus sanguinis, 
Streptococcus mitis, Corynebacterium bovis, Corynebacterium striatum and Corynebacterium 
jeikeium [11, 22, 24-27]. We have shown that sphingosine functions as an important first-
line defense against P. aeruginosa colonization in healthy airways [11, 22, 23]. The lack of 
sphingosine in cystic fibrosis cells greatly increases susceptibility to bacterial pathogens, 

© 2019 The Author(s). Published by 
Cell Physiol Biochem Press GmbH&Co. KG



Cell Physiol Biochem 2019;52:1092-1102
DOI: 10.33594/000000074
Published online: 13 April 2019 1094

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2019 The Author(s). Published by 
Cell Physiol Biochem Press GmbH&Co. KG

Baduva et al.: Signalling Induced by Acid Ceramidase

and reconstitution of sphingosine in airways of mice with cystic fibrosis or freshly isolated 
human airway epithelial cells restores the ability of epithelial cells to kill pathogens and to 
prevent the development of a pneumonia [11, 22].

Based on these findings it was shown that treatment of cystic fibrosis mice with drugs 
that reduce ceramide formation or inhalation of sphingosine, reduces inflammation and/or 
pulmonary infections in cystic fibrosis mice [3, 11, 22, 23]. Inhalation of acid ceramidase, 
the enzyme catalyzing the deacetylation of ceramide to generate sphingosine, was also 
effective as treatment in cystic fibrosis mice and prevented infections of these mice with P. 
aeruginosa [11, 22]. However, these experiments only studied short-term application of acid 
ceramidase, while the treatment of patients with cystic fibrosis would clearly require a long-
term treatment with the enzyme. Thus, to exclude the likelihood of severe side effects of a 
treatment with acid ceramidase, we investigated whether treatment of human epithelial cells 
or T lymphocytes with the purified enzyme results in a change in the activity of intracellular 
signaling molecules, cell viability and proliferation.

Materials and Methods

Cells and stimulation
Chang cells, a human conjunctiva epithelial cell line, and Jurkat cells, a human T-cell lymphoma line, were 

cultured in RPMI-1640 supplemented with 10 mM HEPES (pH 7.4, Carl Roth GmbH, Karlsruhe, Germany), 
2 mM L-glutamine, 1 mM sodium pyruvate, 100 mM nonessential amino acids, 100 U/mL penicillin, 100 
mg/mL streptomycin (all from Invitrogen) and 10% fetal calf serum (PAA Laboratories GmbH, Coelbe, 
Germany). Contamination of Chang cells with Hela cells was excluded. The cell lines were maintained at 
37°C in a humidified atmosphere at 5% CO2. Prior to stimulation, Jurkat cells were washed twice in pre-
warmed HEPES/Saline (H/S; 132 mM NaCl, 20 mM HEPES, pH 7.4, 5 mM KCl, 1 mM CaCl2, 0.7 mM MgCl2, 0.8 mM 
MgSO4), resuspended in H/S and 4 x 105 Jurkat cells in 50 ml H/S were aliquoted into Eppendorf tubes. Cells 
were then equilibrated for 8 min at 37oC with 125 rpm shaking in an Eppendorf thermoshaker and treated 
with 4 or 20 mg/ml acid ceramidase for 10 min. Control cells were left untreated. In addition, we stimulated 
leukemic Jurkat T-lymphocytes with 10 mg/mL OKT-3 together with acid ceramidase treatment to investigate 
whether acid ceramidase alters T-cell receptor/CD3-induced signalling. Treatments were terminated by 
addition of 55 mL lysis buffer consisting of 0.1% SDS, 25 mM HEPES (pH 7.4), 0.5% deoxycholate, 0.1% 
Triton X-100, 10 mM EDTA, 10 mM sodium pyrophosphate, 10 mM sodium fluoride, 125 mM NaCl, 10 mg/
ml aprotinin/leupeptin and 10 mM sodium-orthovanadate. The samples were placed on ice and lysis was 
allowed to complete for 5 min at 4°C. Insoluble material was removed by centrifugation at 14 000 rpm for 5 
min at 4°C. The supernatants were collected, added to 5x SDS-Laemmli buffer, boiled for 5 min and analyzed 
by western blotting as described below.

Chang cells were cultured in 24-well plates with a density of 50 000 cells/well for 24 hrs prior to 
treatment. The cells were washed twice in H/S, 300 mL H/S were added to each well and the cells were 
incubated with 4 or 20 mg/mL acid ceramidase for 10 min, 20 min, 30 min and 45 min. Control cells were 
left untreated. The supernatant was removed and the cells were lysed by addition of 200 mL lysis buffer as 
above. The plates were immediately placed on ice, lysis was allowed to complete for 5 min, the cells were 
scraped from the plate and the samples were transferred into Eppendorf tubes. The samples were further 
processed as described above.

Western blots
Proteins were separated by 8.5% or 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis 

(SDS-PAGE) and electrophoretically transferred onto nitrocellulose membranes. The membranes were 
washed, blocked with Starting Block Tris-buffered saline (TBS) blocking buffer (ThermoFisherScientific, 
Darmstadt, Germany) for 45 min, washed twice for 10 min each in TBS supplemented with 0.05% Tween 20 
(TBS/Tw), and incubated for 60 min at room temperature with anti-phospho-AKT (1:1000, Cell Signalling, 
#4056 and #4058, a 1:1 mixture was used), anti-phospho-p38-kinase (1:1000, Cell Signalling, #9211), anti-
phospho-p70S6-kinase (1:1000, Cell Signalling, #2708), alkaline phosphatase coupled-anti-Actin (1:1000, 
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Santa Cruz Inc., #sc47778), anti-ZO-1 (1:1000, Invitrogen, #617300), anti-ZO-2 (1:1000, Santa Cruz Inc., 
#sc11448), anti-Occludin (1:1000, Invitrogen, #711500) or anti-phosphotyrosine 4G10 (1:1000, Millipore, 
#05-321) antibodies in blocking solution. The blots were washed 6-times, 10 min each in TBS/Tw and 
developed with alkaline phosphatase-coupled secondary antibodies (except for the anti-actin body, which 
was directly coupled) employing the Tropix chemoluminescence system. The blots were quantified using 
Photoshop.

Cell viability
Chang and Jurkat cells were cultured as above and stimulated in complete RPMI-1640 with 4 or 20 

mg/mL acid ceramidase for 24, 48 and 72 hrs or left untreated. The doses based on previous experiments, 
in which we inhaled mice with 25 mg AC in 800 ml 0.9% NaCl solution. Since not all of the inhalation fluid 
reaches the lung, the two doses reflect a very high and an intermediate dose of AC if compared to the 
inhalation experiments [11]. Cells were then washed in H/S and stained with Trypan Blue. Dead cells were 
identified by an intense blue staining. We counted at least 500 cells with a hemocytometer and determined 
the percentage of dead cells. The studies were performed in triplicates.

Cell proliferation
Chang and Jurkat were cultured as above and stimulated in complete RPMI-1640 with 4 or 20 mg/ml 

acid ceramidase for 24, 48 and 72 hrs or left untreated. Cells were then washed in H/S and triplicates were 
counted with a hemocytometer.

Statistics
Data are expressed as arithmetic means ± SD. Student’s t-test was used to compare two groups. One-

way ANOVA was employed to compare for statistical differences between more than two groups followed by 
post-hoc Student´s t-tests for all pairwise comparisons applying Bonferroni correction for multiple testing. 
Bonferroni correction was applied prior to calculation of p-values for the pairwise comparisons. All values 
were normally distributed.

Results

First, we investigated whether incubation of the human cells with acid ceramidase 
alters cell viability and/or proliferation. These studies were performed to exclude a toxic 
effect of treatment of cells with acid ceramidase, but also to determine whether a prolonged 
exposure to acid ceramidase (up to 72 hrs) induces cell proliferation. The results showed no 
effect of the acid ceramidase on the viability of Chang epithelial cells or Jurkat lymphocytes, 
i.e. no increased numbers of dead cells were detected in acid ceramidase-treated samples 
compared to untreated cells (Fig. 1A and B). Likewise, acid ceramidase treatment did not 
alter the proliferation of the epithelial cells or lymphocytes (Fig. 1C and D).

While these tests exclude gross cellular changes after treatment with acid ceramidase, 
they do not allow the determination of subtle alterations of specific signalling pathways. To 
gain insight into whether acid ceramidase induces changes in specific signalling pathways, 
we performed western blot studies and measured the phosphorylation of AKT, p38-kinase 
(p38K) and p70S6-kinase (p70S6K). Phosphorylation of these proteins reflects their activity. 
Ceramide has been previously shown to regulate AKT [28] and p38K [29] and, therefore, 
these proteins are good candidates for cellular effects of acid ceramidase.

We also determined tyrosine phosphorylation of cellular proteins in whole cell lysates, 
since phosphorylation on tyrosine residues initiates and/or is an important component of 
many signalling pathways.

Since epithelial cells form tight junctions that are important for the concerted function 
of these cells, we also investigated the expression levels of the tight junction proteins ZO-1, 
ZO-2 and occludin in Chang epithelial cells prior and after treatment with acid ceramidase.

The results show that treatment with acid ceramidase induced a time and dose 
dependent phosphorylation/activation of AKT (Fig. 2A, B) in Chang epithelial cells. In 
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contrast, treatment with acid ceramidase did not alter tyrosine phosphorylation of cellular 
proteins (Fig. 2A). The expression levels of occludin (Fig. 2A, B), ZO-1 and ZO-2 (Fig. 2C, D) 
in Chang epithelial cells also were not affected by treatment with acid ceramidase. Tyrosine, 
ZO-1, ZO-2 and occludin blots show some small variations that were not significant after 
normalization and analysis of several experiments. In contrast, the stress response kinase 
p38K was strongly phosphorylated, indicating its stimulation (Fig. 3A, B). p70S6K, a kinase 
that functions as a global gene expression regulator, was also phosphorylated after treatment 
of Chang cells with acid ceramidase (Fig. 3C, D).

Similar changes were obtained for Jurkat cells. Acid ceramidase treatment induced an 
activation of AKT (Fig. 4A, B), while cellular tyrosine phosphorylation remained relatively 
unchanged with a small increase of phosphorylation of proteins with an apparent molecular 
weight of 56, 58 and 70 kDa (Fig. 4C) when compared to activation of Jurkat cells with OKT-3.

Fig. 1. Acid ceramidase 
treatment does not induce 
cell death or proliferation. 
Chang (A, C) or Jurkat (B, 
D) cells were treated with 
acid ceramidase for the 
indicated times and cell 
death was determined 
by trypan blue staining. 
Cell proliferation was 
measured by counting 
the cells. Treatment with 
the known death stimuli 
1 µM staurosporine or 
10 µg/ml anti-CD95 
antibodies CH11 served 
as positive control. Given 
are the mean ± SD from 
4 independent studies, 
***p<0.001, ANOVA.
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Figure 1: Acid ceramidase treatment does not induce cell death or proliferation
Chang (A, C) or Jurkat (B, D) cells were treated with acid ceramidase for the indicated 
times and cell death was determined by trypan blue staining. Cell proliferation was measu-
red by counting the cells. Treatment with the known death stimuli 1 • M staurosporine or 10 
• g/ml anti-CD95 antibodies CH11 served as positive control. Given are the mean ± SD 
from 4 independent studies, ***p<0.001, ANOVA. 
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We also analyzed whether treatment of Jurkat lymphocytes with acid ceramidase alters 
signalling events induced by stimulation via the T cell receptor/CD3 (TCR/CD3) complex. 
To this end, the T-cells were stimulated with OKT3-antibodies and acid ceramidase, and 
cellular tyrosine and AKT phosphorylation were determined. The results revealed that acid 
ceramidase treatment did not alter TCR/CD3-induced signalling (Fig. 4A-C).

Discussion

Ceramide levels are increased and sphingosine concentrations are decreased in airway 
epithelial cells from patients and mice with cystic fibrosis [3-16, 22]. Experiments in mice 
indicated that inhalation of acid ceramidase prevents infection with P. aeruginosa and S. 
aureus [11, 22]. Mechanistic studies revealed that an initial accumulation of ceramide in 
cystic fibrosis cells results in the formation of ceramide-enriched domains in the luminal 
plasma membrane of airway epithelial cells [22]. These domains trap and cluster b1-integrin 
molecules in the luminal plasma membrane of cystic fibrosis cells, while b1-integrin is absent 

Fig. 2. Treatment 
with acid 
ceramidase induces 
AKT activation in 
Chang cells, but does 
not induce tyrosine 
phosphorylat ion 
or changes in tight 
junction proteins. 
(A, B) Chang cells 
were treated with 
acid ceramidase as 
indicated and the 
phosphorylat ion 
of AKT as well 
as tyrosine 
phosphorylat ion 
of cellular proteins 
was analyzed by 
western blotting. 
(A-D) Treatment 
with acid 
ceramidase does 
not alter expression 
levels of the tight 
junction proteins 
occludin, ZO-1 
and ZO-2. Shown 
are representative 
blots (A, C) from 
3 independent 
studies and the 
q u a n t i t a t i v e 
analysis (B, D) of 
the blots. Actin blots 
were used to normalize the samples and to show similar loading in all lanes. The quantitative data are 
normalized to actin. The quantitative data are mean ± SD, n=3, *p<0.05, ANOVA.
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Figure 2: Treatment with acid ceramidase induces AKT activation in Chang cells, but 
does not induce tyrosine phosphorylation or changes in tight junction proteins
(A, B) Chang cells were treated with acid ceramidase as indicated and the phosphorylation of 
AKT as well as tyrosine phosphorylation of cellular proteins was analyzed by western blotting. 
(A-D) Treatment with acid ceramidase does not alter expression levels of the tight junction 
proteins occludin, ZO-1 and ZO-2. 
Shown are representative blots (A, C) from 3 independent studies and the quantitative analysis 
(B, D) of the blots. Actin blots were used to normalize the samples and to show similar loading 
in all lanes. The quantitative data are normalized to actin. The quantitative data are mean ± SD, 
n=3, *p<0.05, ANOVA. 
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from the luminal membrane of healthy airway epithelial cells [22]. The ectopic expression 
of b1-integrin in the luminal membrane results in a down-regulation of acid ceramidase 
in cystic fibrosis cells. The molecular mechanisms of this down-regulation remain to be 
determined. The reduced expression of acid ceramidase in cystic fibrosis cells results in 
further accumulation of ceramide and a down-regulation of sphingosine, a vicious cycle that 
results in inflammation and increased infection susceptibility to bacterial lung infections 
[22]. Inhalation of acid ceramidase disrupts this cycle and restores the resistance to bacterial 
infections in cystic fibrosis mice.

Thus, inhalation of acid ceramidase might be a potential, novel treatment of the patients 
with cystic fibrosis. However, it is unknown whether acid ceramidase has adverse effects on 
epithelial cells and immune cells present in the lung. Here, we demonstrate that treatment 
of epithelial or lymphocyte cell lines with acid ceramidase does not affect viability and does 
not induce any cell proliferation, suggesting that inhalation of acid ceramidase should be 
relatively safe and not cause gross damage to the cells. This notion is consistent with the 
finding that acid ceramidase treatment did not alter the expression levels of ZO-1, ZO-2 and 
occludin in Chang epithelial cells.

However, western blot studies revealed that treatment of epithelial cells or lymphocytes 
with acid ceramidase resulted in a partial activation of the cells, in particular an activation 
of AKT. The activation of these signalling events might indicate a stress response of the 
cells. Indeed, a reduction of cellular ceramide levels has been previously shown to induce 
activation of AKT and has been linked to cell survival, proliferation and differentiation [28].

Fig. 3. Acid ceramidase treatment of Chang cells activates p38-kinase and p70S6-kinase. Chang cells were 
treated with acid ceramidase as indicated and the phosphorylation of p38-kinase (p-p38K) (A, B) and 
p70S6K (C, D) was analyzed by western blotting (A, C) and quantified (B, D). Treatment with acid ceramidase 
results in activation of both proteins. Shown are representative blots (A, C) from 3 independent studies and 
the quantitative analysis (B, D) of the blots. Actin blots were used to normalize the samples and to show 
similar loading in all lanes. The quantitative data are normalized to actin. The quantitative data are mean ± 
SD, n=4 for phospho-p38K and n=5 for phospho-p70S6K, *p<0.05, ANOVA.
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Figure 3: Acid ceramidase treatment of Chang cells activates p38-kinase and 
p70S6-kinase.  
Chang cells were treated with acid ceramidase as indicated and the phosphorylation of 
p38-kinase (p-p38K) (A, B) and p70S6K (C, D) was analyzed by western blotting (A, C) and 
quantified (B, D). Treatment with acid ceramidase results in activation of both proteins. 
Shown are representative blots (A, C) from 3 independent studies and the quantitative ana-
lysis (B, D) of the blots. Actin blots were used to normalize the samples and to show similar 
loading in all lanes. The quantitative data are normalized to actin. The quantitative data are 
mean ± SD, n=4 for phospho-p38K and n=5 for phospho-p70S6K, *p<0.05, ANOVA.
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The western blot studies in lymphocytes also indicate a mild activation of proteins with 
apparent molecular weight of 56, 58 and 70 kDa. These proteins might be Src-like tyrosine 
kinases such as Lck and Fyn, as well as Zap70, indicating that acid ceramidase might induce 
an abortive activation of T lymphocytes, which could result in an apoptosis of these cells. 
This was not observed in the studies measuring apoptosis, but should be closely monitored 
in an in vivo study.

Previous reports demonstrated that increased expression of the acid ceramidase 
promotes cell growth, in particular tumor cell growth [30]. Here, we demonstrated that 
exogenous application of the acid ceramidase to epithelial cells and Jurkat T lymphocytes 
had no effect on the growth/proliferation of these cells. This difference might be explained 
by the fact that many tumor cells also show an upregulation of sphingosine-kinases 
resulting in increased turnover of sphingosine and higher levels of sphingosine-1-phosphate 
that, together with decreased levels of ceramide may trigger proliferation of tumor cells. 
Exogenous application of acid ceramidase does not increase expression of sphingosine-
kinases and, thus, might be insufficient to trigger proliferation.

Previous studies have shown that the acid sphingomyelinase is not required for activation 
via the TCR/CD3 complex [31]. The formation of the immunological synapse seems to involve 
the neutral sphingomyelinase, but not the acid sphingomyelinase [31]. Since the neutral 
sphingomyelinase generates ceramide oriented to the cytoplasm, exogenous treatment with 
acid ceramidase will not affect this pool of ceramide. However, the acid sphingomyelinase 
seems to important for signaling via co-receptors, in particular IL-2 and CD28 [32, 33]. Thus, 
under conditions that involve or require these co-receptors, the acid ceramidase might also 
(indirectly) determine signalling via the TCR/CD3 complex by down-regulation of ceramide 
generated by the acid sphingomyelinase.

Fig. 4. Treatment with acid ceramidase induces AKT activation and some tyrosine phosphorylation in 
Jurkat cells, but does not alter TCR/CD3-induced cell activation. Jurkat T lymphocytes were treated with 
acid ceramidase as indicated and the phosphorylation of AKT (A, B) or cellular tyrosine phosphorylation 
(C) was measured by western blotting. In addition, Jurkat cells were stimulated via the TCR/CD3 complex 
using 10 µg/ml OKT-3 antibodies in the presence or absence or acid ceramidase. The results show that acid 
ceramidase induces a phosphorylation/ activation of AKT and a tyrosine phosphorylation of some proteins 
with an apparent weight of 56, 58 and 70 kDa, but does not alter TCR/CD3-mediated T cell activation.Cells 
were counted prior to any assay and equal numbers were used in each sample. Shown are representative 
blots from 3 independent experiments (A, C) and the quantitative analysis (B). Given are the mean ± SD, n=3, 
*p<0.05, ANOVA.
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Figure 4: Treatment with acid ceramidase induces AKT activation and some tyrosine 
phosphorylation in Jurkat cells, but does not alter TCR/CD3-induced cell activation
Jurkat T lymphocytes were treated with acid ceramidase as indicated and the phosphorylation 
of AKT (A, B) or cellular tyrosine phosphorylation (C) was measured by western blotting. In 
addition, Jurkat cells were stimulated via the TCR/CD3 complex using 10 µg/ml OKT-3 antibo-
dies in the presence or absence or acid ceramidase. The results show that acid ceramidase 
induces a phosphorylation/ activation of AKT and a tyrosine phosphorylation of some proteins 
with an apparent weight of 56, 58 and 70 kDa, but does not alter TCR/CD3-mediated T cell 
activation.
Cells were counted prior to any assay and equal numbers were used in each sample.  
Shown are representative blots from 3 independent experiments (A, C) and the quantitative 
analysis (B). Given are the mean ± SD, n=3, *p<0.05, ANOVA.
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Conclusion

In summary, our studies indicate that treatment of Chang epithelial cells and Jurkat T 
lymphocytes with pharmacological doses of acid ceramidase is relatively safe and does not 
induce toxic effects. However, we did observe a distinct activation of AKT, p38K and p70S6K 
in the treated cells. These proteins are linked to a variety of essential cellular signalling 
pathways, and suggest that the effects of acid ceramidase on cystic fibrosis cells and animals 
should be characterized further prior to clinical application. To further study beneficial vs 
toxic effects of a treatment of cystic fibrosis cells with acid ceramidase, it will be necessary 
to treat cultured human respiratory epithelial cells from healthy controls and CF patients 
with acid ceramidase, inhale wildtype and CF mice for different time intervals with different 
doses of acid ceramidase, transfer the inhalation protocols to larger animals such as pigs and 
then perform phase I clinical studies.
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