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Abstract
Sphingolipids are emerging as important mediators of immune and inflammatory responses. We
have previously demonstrated that sphingosine-1-phosphate (S1P) and its synthetic enzyme
sphingosine kinase-1 (SK1) play an important role in inflammatory bowel disease. S1P generation
is dependent on SK phosphorylation of sphingosine. Generation of sphingosine results only from
the breakdown of ceramide by ceramidases (CDase). In this study, we set out to determine the role
of neutral CDase (nCDase) in S1P generation and inflammatory bowel disease. To this end, we
established nCDase expression is increased in patients with ulcerative colitis. Using the dextran
sulfate sodium (DSS)-induced colitis model, we determined nCDase activity increased in colon
epithelium, but not submucosa, in wild-type (WT) mice. Following DSS, ceramide levels were
elevated in colon epithelium from WT and nCDase−/− mice, while S1P levels were significantly
elevated only in the epithelium of nCDase−/− mice. Similarly, cyclooxygenase-2 (Cox-2) levels
were significantly elevated only in the epithelium of nCDase−/− mice. Neutral CDase−/− mice also
exhibited higher endotoxin levels in circulation, as well as higher circulating levels of S1P. This
increase in S1P in nCDase−/− mice was accompanied by a marked leukocytosis, most notably
circulating neutrophils and lymphocytes. Taken together these data demonstrate that loss of
nCDase results in an unexpected increase in S1P generation in inflammation, and suggests that
nCDase may actually protect against inflammation.
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INTRODUCTION
Ceramidases (CDases) are a family of lipid metabolizing enzymes that degrade ceramide.
There are five known CDases, namely neutral, acid and 3 alkaline CDases based on their pH
optimum (reviewed in [1]). In addition to pH, location is an important factor in the activity
of these enzymes. Acid CDase (aCDase) is localized to the lysosome [2] and can be secreted
extracellularly [3], alkaline ceramidases (ACER1, 2 and 3) are localized to the ER and Golgi
[4, 5], while neutral CDase (nCDase) mainly localizes to the plasma membrane [6] and
likely mitochondria [7]. These enzymes degrade ceramide, a pivotal lipid in the sphingolipid
metabolism pathway. De-acylation of ceramide produces sphingosine, which can then be
phosphorylated by a sphingosine kinase (SK) to form sphingosine-1-phosphate (S1P), a
potent biologically active lipid. Therefore, both a ceramidase and a sphingosine kinase are
required for the generation of S1P. Ceramide has been implicated in the regulation of
cellular responses to stress, including apoptosis [8] and senescence [9]. On the other hand,
S1P has been shown to serve quite the opposite functions. S1P binds to five different G-
protein coupled receptors to induce proliferation and migration [10–13], as well as regulate
inflammation, immune cell functions and trafficking [14, 15].

Moreover, our laboratory and others have shown that SK, specifically SK1, and S1P play an
essential role in chronic inflammatory diseases such as inflammatory bowel disease (IBD)
[16], and rheumatoid arthritis [17]. This is due in part through activation of SK1 by
cytokines such as tumor necrosis factor alpha (TNFα) and interleukin-1 beta (IL1-β) [18,
19]. Inhibition of SK or S1P receptors have been shown to prevent inflammation in
numerous animal models including asthma [20, 21], lupus nephritis [22], arthritis [23, 24]
and IBD [25–28].

While much is known about the regulation and activation of SK1, little is known about the
potential roles of CDases, upstream of SK that generate sphingosine. The alkaline CDases
have been implicated to be important mainly in skin, and aCDase has been implicated to be
regulated by TNFα [29]; however, little is known about the role and regulation of CDases in
the intestinal tract. Interestingly nCDase is expressed in the brush border of the intestinal
tract and is involved in the breakdown of dietary ceramide [30]. Additionally, loss of this
enzyme also leads to a decrease in sphingosine levels in the colon [30]; however, little is
known about the role of this enzyme in inflammation or as a source of S1P.

Therefore in this study we set out to investigate the role of nCDase in the generation of S1P
and the effects of loss of this enzyme in IBD. Human tissue samples from ulcerative colitis
patients demonstrated a slight increase in expression of nCDase, specifically in the
epithelium. Additionally, we show that nCDase activity is significantly increased in colon
tissue, specifically in the epithelium, in an animal model of IBD. Interestingly nCDase−/−

mice were not protected from this disease model and in fact demonstrated increases in local
and systemic inflammatory responses. Perhaps most interesting is that the nCDase−/− mice
actually generate more S1P in colon tissue and in circulation, than do WT mice following
DSS administration. The implications of these results for our understanding of sphingolipids
in IBD and possible roles for nCDase are discussed.

MATERIALS AND METHODS
Human tissue array

A human tissue array from Cooperative human tissue network (CHTN), Colorectal
Carcinoma Progression TMA (CHTN2003CRCprog), was used for immunohistochemistry.
An antibody against nCDase (gift from Dr. Richard Proia NIDDK) was used to detect the

Snider et al. Page 2

Prostaglandins Other Lipid Mediat. Author manuscript; available in PMC 2013 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



presence or absence of nCDase in normal colon mucosa or tissue from patients with
ulcerative colitis (UC).

Mice
C57BL/6 wild type (WT) mice were purchased from Harlan Laboratories, and nCDase
knockout mice (nCDase−/−) were from Dr. Rick Proia at NIDDK and had been backcrossed
at least 6 generations to C57BL/6 [30]. Animals were maintained under standard laboratory
conditions. All animal procedures were approved by the Ralph H. Johnson VA Medical
Center Institutional Animal Care and Use Committee and followed the guidelines of the
American Veterinary Medical Association.

Induction of colitis
Acute colitis was induced by adding 5% (w/v) DSS (MP Biomedicals, Inc., Solon, OH,
USA) to drinking water for 5 days. DSS solutions were monitored to ensure equal
consumption between WT and nCDase−/− mice. Untreated mice were given regular drinking
water.

In vitro ceramidase activity assay
Ceramidase activity was determined as described previously [31, 32]. Following euthanasia,
colons were removed, rinsed with PBS, and snap frozen in liquid nitrogen. Colon tissue was
homogenized on ice using a rotor homogenizer in buffer containing 20 mM Tris-HCl, pH
7.4 and complete protease inhibitors. After brief sonication and determination of protein
concentration, 50μg of proteins were subjected to reactions of acid or nCDase activities.
NCDase activity was measured using detergent/lipid mixed micelles with D-erythro-C12-
NBD-ceramide, at a concentration of 50 μM in a 200 mM Tris buffers (pH 7.0) (containing
1 mM CaCl2, 0.3% (w/v) Triton X-100 final concentration, with a total volume of 100 μL).
The reaction mixtures were incubated at 37 °C for 1 hour. Conversion of NBD-C12
ceramide to NBD-dodecanoic acid was detected by spotting the organic phase on a TLC
plate. Results were quantified by densitometric analysis using ImageQuant software.

Histology score
Colons were removed, rinsed with PBS, opened longitudinally, and fixed with 10%
formalin. Sections were embedded in paraffin, fixed to glass slides, and stained with
hematoxylin and eosin (H&E). The entire colon was microscopically examined for damage,
and scored in a blinded fashion. Scores were assigned as previously described [26], briefly:
0—normal colon mucosa; 1—shortening of basal 1/3 of crypts with slight edema and
lymphocytic infiltration; 2—loss of the basal 2/3 of crypts with moderate inflammation in
the lamina propria; 3—total loss of crypts with severe inflammation in the lamina propria,
but with surface epithelium still remaining; 4—loss of all crypts and surface epithelium with
sever inflammation in the mucosa, muscularis propria, and submucosa. The total histology
score was determined by multiplying the above score by the percent of area involved, thus,
the minimal score is 0 and the maximal score is 40.

Lipid analysis
Advanced analyses of sphingosine and ceramide species were performed by the Lipidomics
Core at MUSC on a Thermo Finnigan TSQ 7000, triple-stage quadrupole mass spectrometer
operating in a Multiple Reaction Monitoring (MRM) positive ionization mode as described
[33].
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Complete Blood Counts
Whole blood was collected from mice following euthanasia into EDTA coated tubes. Blood
counts were completed by Antech Diagnostics.

Harvesting of RNA
Following euthanasia, colons were removed, rinsed with PBS, epithelium and sub-mucosa
were separated using a razor blade and snap frozen in liquid nitrogen. Next, tissue was
homogenized, and total RNA was isolated using RNeasy kit (Qiagen, Valencia, CA, USA)
per the manufacturer’s instructions. RNA purity and yield were determined by spectroscopic
analysis.

Real-time RT-PCR
RNA extracted from colon epithelium was reverse-transcribed into cDNA using 0.5 μg
RNA. OligodT primers and SuperScript III were from Invitrogen (Carlsbad, CA, USA).
Real-time RT-PCR was performed on a Bio-Rad iCycler to quantify mRNA levels of TNFα
and Cox-2. Real-time RT-PCR reaction volumes were 25μl, including 12.5 μl SYBR Green
PCR reagents (Biorad, Hercules, CA), 5μl cDNA template, 1 μl forward primer (10 μM), 1
μl reverse primer (10 μM), and 5.5 μl water. The primers for real-time were used as
previously described [16]; briefly, TNFα forward primer 5′-
AATGGCCTCCCTCTCATCAGTT-3′ and reverse primer 5′-
CCACTTGGTGGTTTCCTACGA-3′; Cox-2 forward primer 5′-
TGAGTACCGCAAACGCTTCTC-3′, and reverse primer 5′-
TGCAGCCATTTCTTTCTCTCCT-3′; β-actin forward primer 5′-
TAAGGCCAACCGTGAAAAGATG-3′, and reverse primer 5′-
CTGGATGGCTACGTACATGGCT-3′. The RT-PCR steps were as follows: 2 min at 95
°C, followed by 40 cycles of 15s at 95 °C, 60s at 60 °C and a final step of 1-min incubation
at 60°C. All reactions were performed in triplicate. The data were analyzed using Q-Gene
software [34] and expressed as fold-change of mean normalized expression from untreated
value. This value is directly proportional to the amount of RNA of the target gene relative to
the amount of RNA of the reference gene, β-actin.

Endotoxin Measurements
Whole blood was collected from mice following euthanasia in eppendorf tubes and allowed
to clot. Serum was analyzed for endotoxin levels by Charles River Laboratories.

Data analysis
Statistical analyses were performed using two-way ANOVA or students t-test for strain and
treatment effects. P-values <0.05 were considered significant. In the figures, *p<0.05,
**p<0.01, and ***p<0.001.

RESULTS
Elevated nCDase expression in intestinal epithelial cells from patients with ulcerative
colitis

Neutral CDase has been shown to be expressed in the brush border of the intestinal
epithelium and to be involved in intestinal degradation of ceramide [35]. Therefore, we set
out to examine the role of nCDase in UC, and began by examining nCDase expression
levels in human samples. We examined nCDase expression in a human tissue array for colon
carcinoma progression from the CHTN. Expression of nCDase was examined in seven
samples from normal colon mucosa and six samples from ulcerative colitis. Neutral CDase
expression was present primarily in the epithelium in both normal tissue and in tissue from
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patients with ulcerative colitis with similar overall patterns (Fig. 1A left panels); however, a
some increase in expression could be discerned in ulcerative colitis specifically in the
epithelium (Fig. 1A right panels).

Neutral CDase activity increases in colon epithelium of mice with DSS-induced colitis
Next we examined nCDase activity in an animal model of IBD to determine if activity
mirrored the changes we saw in protein expression from human patients. We employed the
DSS-induced colitis mouse model a well-established model for IBD. WT mice were
administered regular drinking water (untreated) or drinking water containing 5% DSS (w/v)
for five days. Following DSS administration, mice were euthanized, and colon tissue was
collected and assayed for nCDase activity. Neutral CDase activity increased significantly in
colon tissue from WT mice following DSS administration (Figure 1B). When we separated
the epithelial layer from the underlying musculature (stroma), increased nCDase activity of
approximately two-fold was found to be primarily in the epithelial layer and not in the sub-
mucosal elements (Figure 1C). These data demonstrate that nCDase expression and activity
increase in colon epithelium during IBD, suggesting that this change may play a role in the
pathogenesis of disease.

Loss of nCDase increases S1P levels in DSS-induced colitis
Due to the observed increases in nCDase activity in colon epithelium following DSS-
induced colitis, we set out to determine if this increase in activity altered colon sphingolipid
levels. We examined sphingolipid changes in colon tissue from WT and nCDase−/− mice
following 5 days of 5% DSS administration. Given that we had observed differential activity
in the epithelium when compared to the sub-mucosa, we also separated the epithelial layer
from the sub-mucosa for tissue sphingolipid measurements. As shown in Figure 2A, total
ceramide levels in the epithelium increased in both strains of mice following DSS
administration, which was somewhat unexpected given the increase in ceramidase activity
observed with DSS-induced colitis. The observed increase in ceramide was specific to the
colon epithelium and was chain length specific. There were no significant differences in
ceramide levels basally between colon epithelium from WT or nCDase−/− mice. Following
DSS administration C16, C18 and C24 ceramide species increased significantly in colon
epithelium from WT mice; however, only C18 increased significantly in colon epithelium
from nCDase−/− mice (data not shown). There were no significant changes in ceramide
levels in the colon sub-mucosal layer from either strain (Figure 2B). More notable was the
significant increase in S1P levels in colon epithelium (Figure 2C) and lack of change in S1P
levels in sub-mucosa (Figure 2D) from nCDase−/− mice. It is also of note here that S1P
levels were higher in the epithelium while ceramide levels are higher in the sub-mucosal
layer. These data demonstrate that loss of nCDase activity in DSS-induced colitis
unexpectedly alters epithelial sphingolipid levels, specifically increasing S1P levels.

Cox-2 induction in colon epithelium is exaggerated in nCDase−/− mice following DSS-
induced colitis

Tumor necrosis factor alpha (TNFα) has been demonstrated to activate sphingosine kinase-1
and induce production of Cox-2. This S1P mediated induction of Cox-2 has been
demonstrated previously by our laboratory and others in cells [19, 36] and in vivo [16].
Therefore, we examined TNFα and Cox-2 expression in colon tissue in epithelial and sub-
mucosal layers. TNFα expression was significantly increased (10-fold) in the epithelium
from WT mice (Figure 3A), while only modestly induced in epithelium from nCDase−/−

mice treated with DSS. This increase was observed only in the epithelium, and not in the
sub-mucosal layer (Figure 3B). Interestingly, Cox-2 expression increased modestly in the
epithelial layer from WT mice, while expression increased almost 7-fold in the epithelium of
nCDase−/− mice following DSS administration (Figure 3C). These data demonstrate that loss
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of nCDase is associated with increased activation of the S1P/Cox-2 pathway in the colonic
epithelium of DSS-treated mice.

After observing increased S1P and Cox-2 induction in colon epithelium from nCDase−/−

mice following DSS-induced colitis, we began investigating if the local inflammatory
response could affect the systemic inflammatory response. To this end, we measured
endotoxin levels in serum from WT and nCDase−/− mice following 5 days of DSS in their
drinking water. WT mice demonstrated no change in circulating endotoxin levels following
5 days of DSS whereas nCDase−/− mice exhibited a modest increase in circulating endotoxin
levels that did not reach statistical significance (Table 1).

Loss of nCDase increases systemic inflammation and circulating S1P
After examining the effect of nCDase loss in the local inflammatory response and data
suggesting decreased epithelial barrier function in nCDase−/− mice, we set out to determine
if circulating sphingolipid levels or systemic inflammation were altered between strains of
mice or with DSS-induced colitis. We have shown previously that the increase in circulating
white blood cells that occurs during DSS-induced colitis is accompanied by changes in
circulating sphingolipids, specifically S1P [16]. For that reason, we examined sphingolipid
levels in circulation from WT and nCDase−/− mice following DSS-induced colitis. There
was a small but significant increase in circulating ceramide levels in nCDase−/− mice
following DSS-induced colitis (Figure 4A). Additionally, both strains of mice demonstrated
significant increases in S1P. However, the increase in S1P from nCDase−/− was significantly
higher than the increase in S1P measured in blood from WT mice (Figure 4B). Circulating
sphingosine levels, while lower in nCDase−/− mice, were not significantly altered when
considering strain or treatment (data not shown). These data demonstrate S1P is elevated in
circulation despite the loss of nCDase, suggesting that nCDase-derived sphingosine is not
the source of sphingosine for S1P in circulation either.

Since increases in S1P in colon epithelium may contribute to increased production of
inflammatory mediators, and we had previously observed increases in S1P concomitant with
increases in systemic inflammation we set out to determine the systemic inflammatory
response in WT and nCDase−/− mice following DSS-induced colitis. To this end, we
examined complete blood counts (Antech, Inc), to assess blood loss due to disease as well as
markers of systemic inflammation. WT and nCDase−/− mice both demonstrated significant
blood loss with DSS-induced colitis, as evidenced by significant decreases in circulating red
blood cells (RBCs) (Figure 5A). Mirroring this loss in RBCs, WT and nCDase−/− mice also
had significant decreases in hematocrit and hemoglobin (data not shown). It is interesting to
note here that despite the loss of RBCs by both strains of mice, circulating S1P levels were
increased in both strains. These data suggest an additional source for circulating S1P in
DSS-induced colitis.

Circulating white blood cells (WBCs) increased in WT and nCDase−/− mice following DSS-
induced colitis; however, nCDase−/− mice demonstrated a significant increase in these cells
over that observed in WT (Figure 5B). This increase in WBCs included significant increases
in circulating lymphocytes and neutrophils (Figure 5C & D) only in nCDase−/− mice. The
increased systemic inflammation in nCDase−/− mice suggests that loss of nCDase may be
detrimental not only to the local but systemic inflammatory responses as well.

DISCUSSION
Neutral CDase is expressed primarily in the brush border of the intestinal epithelium and
loss of this enzyme has been shown to decrease levels of sphingosine in the colon [30].
Thus, we hypothesized that nCDase would be a primary source for sphingosine and
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downstream S1P generation in IBD. Interestingly, our data demonstrate that under
inflammatory conditions nCDase is not the CDase responsible for generation of sphingosine
and downstream S1P in colon tissue or in circulation. Indeed we observed the opposite, as
loss of nCDase in the animal model of IBD resulted in increases in both local and circulating
levels of S1P. Colon tissue samples from patients with UC demonstrated expression of
nCDase in the colonic epithelium, likewise this had been demonstrated previously with the
knockout mouse [30]. Therefore, we harvested colon epithelium and sub-mucosal layers
separately. While the method used was crude, data in Figure 1B and C, demonstrate that
with this separation method we were able to distinguish epithelial and stromal layers based
on the observation of increased nCDase activity. This increase nCDase activity in colon
tissue of WT mice, specifically in the epithelium, was significantly increased following DSS
administration. However, as mentioned previously, this increase in activity did not alter
sphingolipid levels as expected. Ceramide levels were actually elevated in colon epithelium
from WT and nCDase−/− mice following DSS, while S1P was significantly elevated only in
nCDase−/− mice. In addition to the unexpected sphingolipid results, nCDase−/− mice
demonstrated only a modest increase in TNFα in colon epithelium; however, these mice
exhibited a significant increase in Cox-2. The exaggerated Cox-2 induction in nCDase−/−

mice could explain why these mice were not protected from DSS-induced colitis, as they
exhibited weight loss, splenomegaly and colon shortening equal to, or slightly greater than,
WT mice (Supp. Figure 1). Similar to the increases in local S1P and inflammation,
circulating S1P levels and systemic inflammation were also significantly increased in
nCDase−/− mice, suggesting that loss of nCDase leads to increased inflammatory responses
in a mouse model of inflammatory bowel disease.

We began investigating the role of nCDase in inflammation based on previous studies
demonstrating a role of sphingolipid metabolizing enzymes and their lipid products in
inflammation and inflammatory diseases. Specifically, S1P, and its synthetic enzyme SK1,
have been previously been shown to play a role in the inflammatory processes involved in
chronic inflammatory diseases such as IBD [16], and rheumatoid arthritis [17]. Sphingosine,
the substrate for SK1, and precursor for S1P, can only be generated by the activity of a
CDase. However, the role of CDases and other upstream sphingolipid metabolizing enzymes
in inflammation is not well known.

There have been few studies on the role of CDases in inflammation, and many of those
examine the role of aCDase while very little is known about the role of nCDase in
inflammation. There are a few cellular studies implicating nCDase in a protective role
against apoptosis and specifically against inflammation-induced apoptosis. Protection from
apoptosis in beta cells treated with a cytokine “cocktail,” was attributed to overexpression of
nCDase [37]. Conversely, knockdown of nCDase with siRNA increased cytokine-induced
apoptosis. Increased expression and activity of nCDase in mesangial cells following
treatment with interleukin-1β was also suggested to by cytoprotective [38]. These data
support our own conclusion that nCDase may play a protective role in colon epithelium
against cytokine induced toxicities and that loss of this enzyme may be detrimental, leading
to inflammation and eventual cell death.

Ceramidase has also been shown to be stimulated by adiponectin or palmitate in beta cells
[39], although the activity was described as in the range of pH 5.0 and 7.0, which could
include both neutral and acid. This protection from apoptosis conferred by CDase activity
was attributed to downstream generation of S1P. Interestingly in the DSS-induced colitis
model, loss of nCDase did not prevent generation of S1P; in fact S1P levels were
significantly elevated in colon epithelium of nCDase−/− mice following DSS. The
differences in these studies and ours could be attributed to the distinct roles of S1P in
protection from apoptotic stimuli and in promoting inflammation.
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The question still remains as to the source of sphingosine for SK1 and S1P. Colon tissue
from nCDase−/− mice has been shown to exhibit lower levels of sphingosine [30].
Interestingly in colon epithelium, sphingosine and S1P levels were not basally different
(data not shown); suggesting that in colon epithelium loss of nCDase doesn’t significantly
alter sphingosine or S1P basally. Therefore, this makes the exaggerated increase in S1P in
the colon epithelium, as well as the circulation, following DSS administration in nCDase−/−

mice unexpected. One possible explanation is that sphingosine, which is toxic to cells, is
metabolized to S1P in addition to being recycled back into ceramide. It has been previously
demonstrated that in the presence of excess sphingosine, CDase can function in reverse to
generate ceramide from sphingosine and free fatty acid [40, 41]. We did examine reverse
CDase activity from colon tissue and the in vitro activity is high and present in colon tissue
from WT, but not nCDase−/− mice (data not shown). However, it is difficult to translate this
to in vivo for two reasons; one being that the activity is substrate driven, and the other is that
the reverse activity does not increase with DSS-treatment. If the reverse activity is absent, as
in the nCDase−/− mice, perhaps sphingosine could be more readily available for conversion
to S1P, which could explain the dramatic increase in S1P in the colon tissue of nCDase−/−

mice treated with DSS.

Systemically, S1P has been demonstrated to be stored in and released from platelets and red
blood cells [42], which leads to the question of the source of S1P in circulation during IBD.
S1P could still be generated by the vascular endothelium itself [43] or by activated platelets,
in response to damage or prostaglandins, such as thromboxane [44]. Independent of the
source, S1P has been shown to cause egress of immune cells into circulation [15], which
suggests that the significant increase in S1P exhibited by nCDase−/− mice elicits the
increased systemic inflammatory response.

This study began with the initial hypothesis that nCDase expression and activity in the colon
epithelium is necessary to generate S1P and induce inflammation in DSS-induced colitis.
However, we determined that loss of nCDase resulted in increased local and systemic
inflammatory responses and S1P levels. This suggests that nCDase is not the CDase that
couples to SK, and that the increase in activity of this enzyme in DSS-induced colitis may
actually play a protective role in regulating inflammation and S1P levels. Future studies will
be geared towards investigating the cellular sources of S1P and the role of nCDase in the
generation of S1P in inflammation.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Neutral CDase activity is increased in colon epithelium in a mouse model of
colitis.

• Loss of nCDase increases Cox-2 expression in a mouse model of colitis.

• Loss of nCDase increases tissue and circulating S1P levels in a model of colitis.

• Systemic inflammation is increased with loss of nCDase in a model of colitis.
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Figure 1. nCDase expression and activity increases in colon epithelium in ulcerative colitis
A) Immunohistochemistry was performed on human tissue arrays, staining for nCDase, the
upper panels for represent normal colon tissue samples and the lower panels represent
samples from patients with ulcerative colitis. Bars indicate 50μm. B & C) WT mice were
administered 5% DSS in their drinking water for 5 days and colon nCDase activity was
assessed in the B) whole colon and C) epithelial and sub-mucosal layers. Data represent
mean ± SD; n≥3 mice per treatment group, **p<0.01, ***p<0.001 as compared to untreated.
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Figure 2. S1P is elevated in colon epithelium from nCDase−/− mice following DSS
Colon tissue from WT and nCDase−/− mice removed following 5 days of 5% DSS or regular
drinking water and the epithelial and sub-mucosal layers were analyzed separately. A & B)
S1P, and C & D) ceramide levels were analyzed by the Lipidomics Core at MUSC on
samples normalized for protein concentration. Data represent mean ± SEM., n=5 mice per
treatment group, *p<0.05, **p<0.01 as compared to strain untreated.
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Figure 3. Loss of nCDase results in increased local induction of Cox-2 in DSS-induced colitis
Colon tissue from WT and nCDase−/− mice was removed after 5% DSS administration for 5
days and the epithelial and sub-mucosal layers were analyzed separately. Real-time RT-PCR
was performed to determine expression of A) & B) TNFα and C) & D) Cox-2. Data
represent fold change from untreated ± S.D., n=5 mice per treatment group, ***p<0.001 as
compared to strain untreated.

Snider et al. Page 15

Prostaglandins Other Lipid Mediat. Author manuscript; available in PMC 2013 December 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4. Loss of nCDase in DSS-induced colitis leads to increases in circulating S1P
Following 5 days of 5% DSS administration or regular drinking water, whole blood was
collected from WT and nCDase−/− mice. Lipid analysis was performed using HPLC-ESI-
MS by the Lipidomics Core Facility at MUSC for A) Ceramide and B) S1P. Data represent
mean ± SD; n=5 mice per treatment group, *p<0.05, ***p<0.001, as compared to strain
untreated; #p<0.05 as compared to WT DSS.
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Figure 5. Systemic inflammation and circulating lymphocytes are increased in mice lacking
nCDase
Following 5 days of 5% DSS administration or regular drinking water, whole blood was
collected from WT and nCDase−/− mice and complete blood counts were performed. A)
Red blood cells, B) white blood cells, C) neutrophils, and D) lymphocytes were counted.
Data represent mean ± SD; n=9 mice per treatment group, *p<0.05, ***p<0.001,
***0<0.0001 as compared to strain untreated; #p<0.05 as compared to WT DSS.
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Table 1
Endotoxin levels are elevated in serum from nCDase−/− mice following DSS-induced
colitis

Serum was collected from WT and nCDase−/− mice following 5 days of either 5% DSS or regular drinking
water. Endotoxin levels in serum were measured by Charles River Laboratories. Data represent mean ± S.D.,
n=5 mice per treatment group.

Strain Treatment Endotoxin Level (Eu/ml)

WT C57BL6 Water 0.399±0.123

WT C57BL6 5% DSS 0.399±0.107

nCDase−/− Water 0.357±0.174

nCDase−/− 5% DSS 0.474±0.192
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