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ABSTRACT 

Ceramide synthase 5 (CerS5) is involved in the de novo synthesis of ceramide, a 

sphingolipid involved in cell death and proliferation. In this study, we investigated the 

role of CerS5 in colorectal cancer (CRC) by examining CerS5 expression, clinico-

pathological parameters and association with survival/death signalling pathways in 

cancer. CerS5 immunohistochemical analysis was performed on 102 CRC samples 

using tissue microarrays constructed from formalin-fixed and paraffin-embedded 

(FFPE) tissues. We found strong CerS5 membranous staining in 57 of 102 (56%) 

CRCs. A multivariate Cox regression analysis of membranous CerS5 IHC intensity 

adjusted for TNM stage, differentiation and lymphovascular invasion revealed reduced 

5-year overall survival (OS) (p = 0.001) and 5-year recurrence-free survival (RFS) (p = 

0.002), with hazard ratios of 4.712 and 4.322, respectively. The effect of CerS5 

expression on tumorigenic processes was further characterised by reverse-phase 

protein microarray (RPPA) analysis. RPPAs were generated from laser capture 

microdissection enriched carcinoma cells from 19 fresh-frozen CRC tissues. 

Measurements of phosphorylation and total levels of signalling proteins involved in 

apoptosis, autophagy and other cancer related pathways revealed 2 distinct signalling 

networks; Weak membranous CerS5 IHC intensity was associated with a proteomic 

network dominated signalling proteins linked to apoptosis, whereas strong Cer5S IHC 

intensity was associated with a proteomic sub-network mostly composed of proteins 

linked to autophagy. In conclusion, high CerS5 expression was found in CRC tissue 

and was associated with poorer patient outcomes. Our findings suggest that this may 

be mediated by a transition from apoptotic to autophagy signalling pathways in CerS5 

high expressing tumours, thus implicating CerS5 in the progression of colorectal 

cancer. 

 

INTRODUCTION 

Ceramide synthases 1-6 (CerS1-6) are a family of enzymes involved in de novo 

synthesis of ceramides from sphingoid bases and acyl-CoA substrates and in the 

endoplasmic reticulum of mammalian cells [1]. Each enzyme is unique in that it 
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generates bioactive ceramides of specific fatty acid chain lengths. These ceramides are 

implicated in apoptosis, cell proliferation and autophagy [2]; however, the exact 

mechanism by which individual ceramides contribute to these processes remains 

largely unknown. Although ceramides are generally assumed to be pro-apoptotic [3, 

4], recent findings suggest that elevated levels of ceramides increase tumour growth in 

SCID mice, while silencing of the CerS6 gene leads to apoptosis in cancer cell lines [5, 

6]. The implication that ceramides can cause both tumour promoting or tumour 

suppressing effects in different cell types may reflect the cell of origin, ceramide chain 

lengths and the tissue expression levels of specific CerS enzymes, therefore may be a 

key player in regulating tumourigenesis. 

In the current study, we specifically investigated the role of CerS5 in colorectal 

cancer (CRC) based on our previous work, whereby, CerS5 was found to be 

unregulated on a gene level in CRC patients [7]. CerS5 is expressed ubiquitously in 

mammalian tissue in an organ specific distribution pattern [8, 9]; however, its 

expression in cancer tissue is less well characterised. Recent studies have shown that 

reduced gene expression levels of CerS2, CerS4 and CerS6 are associated with tumour 

grade, lymph node status and cell proliferation in breast cancer [10-12]; while in head 

and neck tumours CerS1 has been shown to negatively regulate tumour growth [13]. 

While most of these studies were based on gene expression analysis and silencing 

studies of specific CerS enzymes, we aimed to monitor the protein expression levels of 

CerS5 in human CRC tissue and correlate these with clinico-pathological data.  

We performed an immunohistochemistry (IHC) study of CerS5 in CRC using 

tissue microarrays generated from a well-characterised CRC patient cohort.  Survival 
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analysis was performed based on CerS5 expression levels in CRC tissue. CerS5 was 

further characterised using reverse-phase protein microarrays (RPPA) generated from 

laser capture microdissection enriched carcinoma cells, enabling measurements of 

phosphorylation and total levels of known signalling proteins involved in apoptosis, 

autophagy and other cancer related pathways. The quantitative RPPA data was used to 

design protein networks associated with high and low CerS5 protein expression levels.  

 

MATERIALS AND METHODS 

Patient characteristics, tissue specimens and study design 

The study was approved by the Ethics (Medical) Research Committee at Beaumont 

Hospital, Dublin, Ireland and informed consent was obtained from all patients. Patients 

undergoing colonoscopy were screened prospectively, with exclusion of patients with 

history of cancer, inflammatory bowel disease and those colorectal cancer patients 

undergoing neo-adjuvant therapy. A total of 121 cases with a diagnosis of colorectal 

cancer (CRC) met the inclusion criteria and were included in the study. The median 

age of the patients at the time of first diagnosis was 69.5 (range 34-88 years). The 

cohort included 72 male and 49 female patients. In total, 83 patients had colonic 

carcinoma, whilst 38 had rectal carcinomas. The patients were subdivided into two 

cohorts; 102 patients with colorectal cancer diagnosed between 2001 and 2007 with a 

minimum 5-year follow-up were included to the immunohistochemistry arm of the 

study (IHC cohort) which aimed at examining CerS5 expression in archived formalin 

fixed and paraffin embedded (FFPE) tissue. In order to characterise the signalling 

protein networks associated with CerS5, we performed reverse-phase protein 

microarray (RPPA) analysis in fresh-frozen tissue from an additional 19 patients with 
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colorectal cancer (RPPA cohort). Patients in the RPPA cohort were diagnosed with 

colorectal cancer between 2012 and 2013 and met the same inclusion criteria as those 

of the IHC cohort. Clinical and pathological parameters of all patients are presented in 

Table 1. 

Local resection was carried out in all cases and the specimens were selected to 

represent all colorectal cancer stages and histological types. A pathologist identified 

and collected an area of invasive carcinoma from the tumour mass and an adjacent area 

of uninvolved colonic/rectal mucosa for formalin fixation and paraffin embedding. 

Each block was sectioned and stained with haematoxylin and eosin (H&E) and graded 

by a consultant pathologist (EWK) to confirm pathological stage and grade of the 

tumours. Relevant tumour areas were marked for tissue microarray construction. Fresh 

tissue samples for RPPA analysis were rapidly processed to ensure preservation of 

molecular endpoints and snap-frozen in liquid nitrogen. The time from removal of a 

colectomy specimen to snap-freezing of samples was < 20 mins. Fresh-frozen tissue 

samples were stored at −80°C.  

 

Tissue microarrays and immunohistochemistry 

The tissue microarray (TMA) construction was performed as previously described [14, 

15], using the Beecher Instruments Tissue Microarrayer (Beecher Instruments, Silver 

Spring, MD, USA). Cores of 1.0 mm diameter were collected in quadruplicate for each 

case. 100 out of 102 cases of the IHC cohort were incorporated into the TMAs and 2 

further cases were investigated as whole tumour sections for additional staining 

homogeneity assessment. All 19 cases of the RPPA cohort were also investigated for 

CerS5 expression using IHC in FFPE whole tissue sections. Finally, a TMA with 24 
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normal mucosa cases from surgical margins and further cohort of 10 normal whole 

sections from surgical margins were used to assess the CerS5 staining in normal tissue. 

Sections of 4 µm thickness were cut from all TMA blocks and the whole 

section blocks for immunohistochemistry. Sections were immunostained with an anti-

CerS5 human polyclonal antibody (pAb) (LS-B3152, LifeSpan Biosciences, Inc. 

Seattle, WA, USA) on an automated platform (Bond system – Leica Microsystems, 

Bannockburn, IL, USA). Briefly, cut sections were subjected to on-board dewaxing 

and the following conditions were applied: CerS5 antigen retrieval in tri-sodium citrate 

buffer (Bond Epitope Retrieval 1 solution) for 20 mins and 1:300 antibody dilution. 

Detection of the antibody–antigen complex was achieved using a polymer-based kit 

(Bond Refine) with DAB as the chromogen. All sections were counterstained with 

haematoxylin. Negative controls were included for all sections by omitting the primary 

antibody and positive control tissue included tonsil and colonic adenocarcinoma. 

Whole-cell lysates were prepared from human colon cancer cell line SW620 and 

standard western blot analysis was conducted as a positive control for the CerS5 (LS-

B3152) antibody (see Supporting information, Figure S1). 

Immunohistochemical evaluation was performed independently by two 

reviewers blinded to the clinico-pathological details and clinical outcomes of the 

cohort. An intensity score was assigned to each core within the TMA and a 

representative score was assigned to each whole section based on the intensity of the 

staining in the majority of the positive cells. The degree of membranous CerS5 

staining was evaluated and the intensity (negative = 0; weak = 1+; moderate = 2+; 

strong = 3+) was recorded.  Intensities 0 & 1+ were defined as CerS5 low and 2+ & 3+ 

were defined as CerS5 high as previously shown [16, 17]. The homogeneity of the 
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staining between TMA cores and inter-observer variability was assessed as previously 

shown [18]. In cases where there were discrepancies between the scorers, a consensus 

was reached after a joint review using a multi-headed microscope.  

 

Laser capture micro-dissection and reverse-phase protein microarrays 

Laser capture micro-dissection (LCM) was performed to enrich epithelium and remove 

stroma for cell signalling analysis. Using LCM apparatus (Arcturus XT, Life 

Technologies, San Francisco, CA, USA) [19], approximately 15000 - 20000 laser 

shots (estimated >20 000 cells) of epithelium were removed for each frozen tissue 

sample, from consecutive cryostat sections. No attempt was made to target specific 

regions of carcinoma cells within the tumour and multiple separate areas of tissue were 

dissected so that signalling analysis could be performed on a cell population-wide 

scale within each patient sample. Tissue processing and preparation of tissue lysates 

have been described previously [20, 21].   

Reverse-phase protein microarrays (RPPA) were generated as described 

previously [22-25]. LCM-enriched epithelium lysates were printed in triplicate on 

ONCYTE Avid nitrocellulose film-slides (GRACE Bio-Labs, Bend, OR) using an 

Aushon 2470 arrayer equipped with 350 μm pins (Aushon Biosystems, Billerica, MA). 

Each array contained epithelium lysates for all 19 cases and each lysate was printed in 

a 2-fold dilution curve representing undiluted lysate, 1:2, 1:4 and 1:8 dilutions. Control 

lysates were printed in a 2-fold dilution curve. All RPPAs were baked for 2 hours at 

80°C to allow fixation and then stored with desiccant at −20°C. Quality control 

samples, including A431 cell lines (±EGF stimulation; BD Pharmingen, San Diego, 
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CA, USA) and a pooled sample from CRC cases included in this study, were printed 

on the RPPA to ensure protein deposition and immunostaining reactivity [26]. 

 

RPPA immunostaining, image acquisition and data analysis 

RPPA slides were blocked (I-Block, Applied Biosystems) for 2 hours before 

immunostaining. Immunostaining was conducted on a Dako Autostainer (Catalyzed 

Signal Amplification (CSA) kit, Dako). Each slide was incubated with a single primary 

antibody at room temperature for 30 minutes. The negative control slide was incubated 

with antibody diluent (Dako). For each immunostaining run, 1 slide was incubated 

with anti ssDNA antibody (1:15,000; IBL International GmbH). Secondary antibody 

was goat anti-rabbit (1:10,000; Vector Laboratories), or rabbit anti-mouse IgG (1:10; 

Dako), which were amplified via horseradish peroxidase-mediated biotinyl tyramide 

with chromogenic detection (diaminobenzidine; Dako). In total 30 primary antibodies 

specific to known signalling endpoints were used to measure phosphorylation and total 

protein levels using RPPAs (see Supporting information, Table S1).   

RPPA slides were scanned on a UMAX 2100XL flatbed scanner (white 

balance 255, black 0, middle tone 1.37, 600 dpi, 14 bit). Spot intensity was analysed 

by Image Quant v5.2 software (Molecular Dynamics). Data reduction was carried out 

with a VBA Excel macro, RPPA Analysis Suite [27]. To normalize data, the relative 

intensity for each protein spot was divided by the ssDNA relative intensity for the 

corresponding spot [28].  

 

Proteomic network analysis 
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Proteomic network analysis was performed as previously shown [29]. Briefly, 

Spearman ρ correlation analysis with ρ ≥ 0.75 and p ≤ 0.01 was used to build 

proteomic network graphs (Gephi 0.8.2 beta, The Gephi Consortium, Paris, France, 

www.gephi.org). Nodes in the networks represent RPPA endpoint molecules; the 

bigger the node, the more the significant correlations relative to the molecule. Each 

line connecting 2 nodes represents a significant correlation between the nodes; the 

thicker the line, the higher the Spearman ρ correlation. Proteins are grouped on the 

basis of Spearman ρ values and the number of connections among a group of nodes; 

strongly correlated nodes are represented close to each other and with the same colour.  

 

Statistical analysis 

Association between discrete variables was assessed using the 2 test. Five-year 

survival and five-year recurrence-free survival were analysed and survival curves were 

plotted according to the Kaplan-Meier method using the generalized log-rank test to 

compare survival curves. Prognostic factors for 5-year survival and 5-year recurrence-

free survival were evaluated by univariate and multivariate analyses for TNM stages, 

gender and lymphovascular invasion (Cox proportional hazard regression model). For 

both Kaplan-Meier and Cox regression analyses, patients who had follow-up 

information for more than 5-years, were censored at 5-years post-diagnosis. All tests 

were analysed using SPSS 19.0 software (SPSS, Chicago, IL, USA) and the findings 

were considered statistically significant at p < 0.05. Unsupervised hierarchical 

clustering of the RPPA dataset was conducted using JMP 5.1.2 (SAS Institute Inc. 

USA). The Spearman rank correlation coefficient, ρ, was calculated for each protein 

pair in the RPPA cohort; ρ ≥ 0.75 with p ≤ 0.01 was considered significant.  

http://www.gephi.org/
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RESULTS 

CerS5 is expressed in both normal and cancerous colorectal tissue 

In previous studies, we showed that CerS5 is upregulated on a gene level in colorectal 

cancer [7]. Although CerS5 has been shown to be expressed at low basal levels in most 

non-cancerous tissues, no studies have yet to show protein expression of CerS5 in 

colorectal cancer. Our results show distinct membranous CerS5 staining in both the 

normal mucosa and cancerous tissue (Figure. 1). High membranous CerS5 staining 

intensity (2+ & 3+) was found in 55.9% (19/34) of cancerous tissue samples when 

compared with patient-matched adjacent normal mucosa. Low CerS5 staining (0 & 1+) 

was observed in 45.1% (46/102) and high CerS5 staining (2+ & 3+) was observed in 

54.9% (56/102) of CRC patient tissue in the IHC cohort. No correlation was found 

between CerS5 staining intensity and standard prognostic variables in the IHC cohort 

(see Supporting information, Table S2). The RPPA cohort was also evaluated by 

immunohistochemistry with 42.1% (8/19) CRC patient tissue demonstrating low 

staining intensity (0 & 1+) and 57.9% (11/19) showing high (2+ & 3+) staining 

intensity of CerS5. 

 

High CerS5 expression in colorectal cancer tissue correlates with poor patient 

survival 

To assess if CerS5 staining intensity correlated with patient survival, we analysed the 5 

year follow-up data of the 102 cases in our IHC cohort.  Kaplan-Meier analysis 

showed that high CerS5 staining in colorectal cancer was found to have a significant 

negative prognostic value (Figure. 2). Overall 5-year survival rates for patients with 

high CerS5 membranous intensity were significantly lower than those with low CerS5 
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membranous intensity (p = 0.001) (Figure. 2A). Five-year recurrence-free survival was 

also significantly lower for patients with high CerS5 membranous intensity, when 

compared with those showing low CerS5 membranous intensity (p = 0.002) (Figure. 

2B).  

 

CerS5 expression is an independent predictor of survival and disease recurrence 

Multivariate analysis showed that the intensity of membranous CerS5 expression was 

an independent predictor of 5-year overall survival and 5-year recurrence-free survival 

(p = 0.019 & p = 0.011, respectively) in CRC patients (Table 2). Membranous CerS5 

expression was independent of TNM stage, gender, differentiation and lymphovascular 

invasion in its ability to predict prognosis. The hazard ratio for 5-year overall survival 

in CerS5 high patients was 4.7 times higher than in CerS5 low patients and for 5-year 

recurrence-free survival the hazard ratio in CerS5 high patients was 4.3 times higher 

than in CerS5 low patients. 

 

Unsupervised hierarchical clustering analysis identifies two distinct groups of 

patients 

On the basis of the results thus far, we sought to understand the underlying molecular 

interplay associated with the significant effects of CerS5 expression levels on patient 

outcomes. We therefore applied our RPPA cohort to investigate protein networks 

associated with sphingolipid metabolism, apoptosis, autophagy and other cancer 

related pathways in CerS5 high and low tumours. 30 antibody substrates (see 

Supporting information, Table S1) were quantified in the RPPA patient cohort for 

proteomic analysis. Unsupervised hierarchical clustering analysis of RPPA signalling 
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endpoint-measurements identified two distinct clusters as represented by a heat map in 

Figure 3. These two clusters support the results seen by immunohistochemical 

analyses; the first cluster (red) on the dendrogram is composed mainly of CerS5 high 

patients (9 cases) and with three CerS5 low patients. The second cluster on the 

dendrogram (green) contains mainly CerS5 low patients (5 cases) and with 2 CerS5 

high cases.  

 

CerS5 high and CerS5 low proteomic networks differ in colorectal cancer 

We next used Spearman ρ rank correlation analyses to determine significant protein 

interactions identified by RPPA measurements. The analysis of 30 signalling endpoints 

revealed that 49 of 435 protein pairs were positively and significantly correlated (ρ > 

0.75, p ≤ 0.01) in both CerS5 high and low patients (see Supporting information, Table 

S3 & S4). Sixty-three positive significant correlations were found exclusively in the 

CerS5 low group (Figure. 4A, see Supporting information, Table S3), whereas 54 

protein pairs showed a significant Spearman ρ value exclusively in the CerS5 high 

group (Figure. 4B, see Supporting information, Table S4). We did not observe any 

significant RPPA protein interactions that correlated negatively. The protein 

interaction network of colorectal cancer specimens associated with a CerS5 high IHC 

staining intensity was distinctly different from the CerS5 low network (Figure. 4). 

 

CerS5 low proteomic network is associated with apoptosis 

The CerS5 low proteomic network constructed from the Spearman ρ rank correlation 

analyses revealed four main sub-networks (Figure. 4A). The sub-networks were 

defined by proteins strongly correlated and in close proximity to each other and these 
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were represented by the same colour in the network. The four main CerS5 low sub-

networks were dominated by proteins linked to apoptosis, including PP2A, survivin 

and the cleaved caspases 3 and 7. These dominant nodes radiated outward to 

interconnect with other cancer associated molecules within their respective sub-

networks. These results provide evidence for the activation of the ceramide driven 

apoptotic pathways in CerS5 low tumours, potentially resulting in better outcomes 

seen in colorectal cancer patient with weak membranous CerS5 staining.  

 

CerS5 high proteomic network is associated with autophagy 

The CerS5 high proteomic network was composed of 3 main sub-networks as shown 

in Figure 4B. When we compared the CerS5 high and CerS5 low proteomic networks, 

we found that the CerS5 high network is not dominated by proteins associated with 

apoptosis, as seen in the CerS5 low network. However, in CerS5 high patients, we 

identified one sub-network mostly composed of proteins linked to the autophagy 

(Figure. 4B light blue). The autophagy sub-network is composed of the initiators of 

autophagy beclin 1 and JNK and the autophagy regulators Akt, AMPK and LC3B. 

Interestingly, the autophagy sub-network is linked through mTOR, to the sphingolipid 

metabolism proteins PP2A and SPHK1, both associated with autophagy through 

mTOR pathway activation [30]. Taken together these results suggest a dysregulation of 

the ceramide-driven apoptotic pathways and activation of autophagy in CerS5 high 

patients, which may account for the correlation of strong CerS5 expression and poor 

survival. 

 
DISCUSSION 
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Our results indicate that strong CerS5 staining correlates with poor prognosis in 

patients with CRC. A favourable prognosis was observed in CRC patients with weak 

CerS5 staining, which was also found in the majority of normal colorectal mucosae. 

This data suggests that elevated CerS5 expression is associated with increased tumour 

aggressiveness, which may be regulated by altered levels of bioactive ceramides, 

through mechanisms that have yet to be elucidated. Interestingly, altered expression 

levels of CerS in colon cancer may distort the balance of ceramides, thereby 

contributing to tumour progression [12]. Proteomic network analysis in this study 

demonstrates a shift from apoptosis-related pathways in CerS5 low cases to autophagy 

in CerS5 high cases, suggesting a causative link between poor survival in CerS high 

cases and a dysregulation of programmed cell-death pathways. 

Our previous work identified CerS5 as a marker in CRC and showed that it is 

upregulated on a gene level [7]. In the current study, we confirmed elevated CerS5 on 

a protein level in CRC tissue using immunohistochemistry. Other studies have shown 

CerS5 expression at low basal levels in non-cancerous tissues [8, 9]; however, there is 

a paucity of literature on protein expression of CerS5 in cancer tissue. It has been 

shown that downregulation of the CerS2 gene in breast cancer is associated with poor 

patient outcomes [31]. In addition, the overexpression of specific enzymes of 

sphingolipid metabolism has been shown to have both a negative prognostic value 

(ceramide kinase) and a positive prognostic value (galactosyl ceramide synthase, 

ganglioside GD3 synthase) in breast cancer [32]. 

Ceramides are generally assumed to be pro-apoptotic [3, 4]; and as such, one 

would expect that increased CerS levels would lead to increased ceramides in tumour 

tissue with resultant cell death. However, the data presented in our study suggests that 
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strong staining of CerS5 in CRC tissue is tumour progressive. Recent studies support 

our findings demonstrating that elevated levels of ceramides increase tumour growth in 

SCID mice, and that silencing rather than overexpression of the CerS6 gene can lead to 

apoptosis in cancer cell lines [5, 6]. Furthermore, Hartmann et al., demonstrated that 

overexpression of CerS2, despite having no direct impact on ceramide levels, leads to 

increased cell proliferation in breast and colon cancer cell lines [12]. These studies in 

conjunction with our findings suggest that although apoptosis is a recognised feature of 

ceramides, specific CerS expression levels and ceramide fatty acid chain lengths in 

different tissues may provide alternative survival modes in cancer.  

        The proteomic data presented in our study may offer some insights into the 

tumour suppressive and tumour promoting effects of CerS5 in CRC. Analysis of the 

RPPA revealed two distinct signalling networks for CerS5; a CerS5 low proteomic 

network associated with apoptosis and a CerS5 high proteomic network associated 

with autophagy.  The apoptotic pathway, which emerged from our CerS5 low network, 

included apoptosis-related proteins such as PP2A, survivin and caspases 3 and 7. Veret 

et al., recently showed that overexpression of CerS4 in pancreatic β-cells induced 

apoptosis and was associated with increased caspase 3 and 7 activities through de novo 

synthesis of C18 ceramide species [4]. By contrast, another study showed that down-

regulation of CerS6 in SCID mice was linked to caspase 3 activation and subsequent 

apoptosis [6]. In our CerS5 high proteomic network, LC3B, beclin 1 and JNK were 

identified as key signalling molecules for autophagy, a phagolysosome process 

whereby damaged proteins and organelles are removed to prevent cell damage and 

intracellular molecules are sequestered for cell survival [33]. Espina et al have recently 

shown that autophagy is required to promote abnormal breast cancer progenitor cells 
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into invasive breast cancer by providing necessary survival mechanisms under stress 

[34]. Another study in pancreatic cancer showed that autophagy was required for 

tumour growth [35]. LC3B dominates a central node in our CerS5 high network and 

has been previously been shown to induce mitochondrial autophagy in human cancer 

cells by directly binding to ceramides [36]. Although CerS5 has not been linked to 

autophagy in cancer, a model of diabetic cardiomyopathy showed that CerS5 promoted 

cardiac autophagy through de novo synthesis of C14-ceramide [37]. Furthermore, 

cardiac autophagy required CerS5 for sphingolipid-mediated induction of beclin 1 

protein and overexpression of LC3B, both of which dominate central nodes in our 

CerS5 high proteomic network. 

Although we have outlined two distinct signalling networks associated with 

apoptosis and autophagy, there are however dominant nodes common to both networks 

such as Bcl-2 and SPHK1. This may be explained by the fact that apoptosis and 

autophagy are intimately linked through common signalling pathways. Binding of Bcl-

2 to phosphorylated beclin 1 induces autophagy while cleavage of beclin 1 by effector 

caspases is pro-apoptotic [38]. Sphingosine kinase 1 (SPHK1), a central enzyme in 

sphingolipid metabolism, activates anti-apoptotic signal transduction in a model of 

Kaposi’s sarcoma in SCID mice [39]; while other studies have shown that 

overexpression of SPHK1 stimulates autophagy in breast cancer cells by increasing the 

formation of LC3B-positive autophagosomes [40]. 

 In conclusion, we show for the first time that CerS5 is expressed in CRC tissue 

and that CerS5 high expression is associated with poor patient survival. We delineated 

two distinct signalling CerS5 protein networks, which may influence the fate of the 

cancer cell by switching between apoptosis and autophagy. This study highlights the 
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importance of CerS in the tumorigenic process and that selective targeting of products 

of sphingolipid metabolism may prove beneficial in the therapeutic treatment of 

colorectal cancer. 
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TABLE AND FIGURE LEGENDS 

 

Table 1.  Clinico-pathological details of patient cohorts 

 

Table 2.  Cox uni- and multivariate regression analysis of overall and recurrence-free 

survival 

 

Figure 1. IHC staining for CerS5 in colorectal adenocarcinoma and normal colorectal 

mucosa. (A) Normal colorectal mucosa from tumour-free adjacent surgical margins 

with negative membranous CerS5 staining. (B) Colorectal cancer tissue with weak 

membranous CerS5 staining. (C) Colorectal cancer tissue with strong membranous 

CerS5 staining.  

 

Figure 2. High CerS5 expression is associated with poor prognosis in CRC. (A) 

Kaplan-Meier analysis revealed that high CerS5 expression correlates significantly 

with lower 5-year overall survival (log-rank test, p = 0.001) and (B) lower 5-year 

recurrence-free survival (log-rank test, p = 0.002). 
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Figure 3. Unsupervised hierarchical cluster analysis in 19 CRC patients based on 

RPPA measurements of 30 endpoints. Patients (CerS5 high and CerS5 low) are shown 

on the vertical axis, 30 endpoints are outlined on the horizontal axis. Higher relative 

levels of signal are represented in red; intermediate in black and lower levels are in 

green. The analysis identifies two groups of patients; the first cluster (red) is mainly 

composed of CerS5 high patients, whereas the second cluster contains mainly CerS5 

low patients. 

 

Figure 4. RPPA analysis identifies distinct proteomic networks in CerS5 high and low 

CRC patients. (A) CerS5 low proteomic network consists of four main sub-networks 

dominated by proteins linked to apoptosis; including PP2A, survivin and the cleaved 

caspases 3 and 7. (B) CerS5 high proteomic network consists of three sub-networks 

with one sub-network mainly composed of proteins linked to the autophagy (blue); 

including the initiators of autophagy beclin 1 and JNK and the autophagy regulators 

Akt, AMPK, and LC3B. 

 

SUPPORTING INFORMATION LEGENDS 

 

Figure S1.   Western blot antibody validation for the CerS5 (LS-B3152). Whole-cell 

lysate was prepared from human colon cancer cell line SW620 and standard Western 

blot analysis with the CerS5 (LS-B3152) antibody was performed. 

 

Table S1.   List of primary antibodies used to probe RPPA slides  

Table S2.   Relation of CerS5 expression to standard prognostic variables 
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Table S3.   Spearman's Rho correlations for CerS5 low RPPA measurements 

Table S4.   Spearman's Rho correlations for CerS5 high RPPA measurements 
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Table 1. 

                 IHC cohort RPPA cohort 

Factor Number of 
patients 

              % Number of 
patients 

% 

 102 100 19 100 

Gender     

Female 39 38.2 10 52.6 

Male 63 61.8 9 47.4 

Age (years)     

Median 70  - 67  - 

Range 34-87  - 47-88  - 

<65 40 39.2 8 42.1 

≥65 62 60.8 11 57.9 

Tumour site     

Colon 68 66.7 15 78.9 

Rectum 34 33.3 4 21.1 

Tumour stage     

T1 8 7.8 0 0 

T2 16 15.7 0 0 

T3 63 61.8 13 68.4 

T4 13 12.7 6 31.6 

Not Stated† 2 2  -  - 

Node stage     

N0 60 58.8 11 57.9 

N1 22 21.6 2 10.5 

N2 18 17.6 6 31.6 

Not Stated† 2 2 - - 

Metastasis stage     

M0 91 89.2 17 89.5 

M1 11 10.8 2 10.5 

Lymphovascular 
invasion 

    

Yes 25 25 7 36.8 

No 77 75 12 63.2 

Differentiation     

Well  2 2 0 0 

Moderately 88 86.3 17 89.5 

Poorly 12 11.7 2 10.5 

Follow-up 
(months) 

    

Median 59 - N/A* - 

Range 1-122 -  N/A* -  

Abbreviations: n = number of patients; T = tumour; N = node; M = metastasis; †These patients presented 
with terminal metastatic disease and only had biopsies taken; thus, their T and N stage could not be 

accurately determined. *Follow-up information was not available for these patients as they were 
diagnosed with CRC in 2012/13. 
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Table 2. 

 
5-Year Overall Survival 

 Univariate  Multivariate 

Variable p value HR 95% CI for HR  p value HR 95% CI for HR 
   Lower Upper    Lower Upper 

CerS5 high/low 0.004 4.855 1.666 14.152  0.019 4.712 1.287 17.250 

Gender 0.460 1.373 0.592 3.183  0.939 1.040 0.382 2.829 

T-stage 0.000 4.062 1.984 8.317  0.053 2.226 0.989 5.007 

N-stage 0.002 2.017 1.284 3.170  0.530 1.259 0.613 2.587 
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M-stage 0.000 8.140 3.515 18.851  0.464 1.600 0.455 5.620 

Differentiation 0.000 4.903 2.037 11.801  0.041 3.165 1.049 9.547 

Lymphovascular    

invasion 

0.001 3.612 1.642 7.946  0.381 1.715 0.514 5.721 

 
5-Year Recurrence-Free Survival 

 Univariate Multivariate 

Variable p value HR 95% CI for HR  p value HR 95% CI for HR 
   Lower Upper    Lower Upper 

CerS5 high/low 0.005 4.047 1.532 10.690  0.011 4.322 1.407 13.280 

Gender 0.551 1.275 0.573 2.840  0.870 1.079 0.434 2.681 

T-stage 0.002 2.809 1.455 5.424  0.131 1.721 0.851 3.479 

N-stage 0.004 2.883 1.221 2.903  0.677 1.152 0.591 2.246 

M-stage - N/A† - -  - N/A† - - 

Differentiation 0.002 3.920 1.667 9.224  0.046 2.667 1.018 6.987 

Lymphovascular    

invasion 

0.001 3.455 1.621 7.362  0.132 2.359 0.773 7.194 

Abbreviations: HR = Hazard Ratio; CI = confidence interval; T = tumour; N = node; M = metastasis; †5-year Recurrence-
Free Survival analysis not applicable for patients with metastatic disease. 


