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Abstract 
Background: Over 1100 genes have been annotated for human chromosome 9, including disease 
genes implicated in inflammation, atherosclerosis, cancer and neurodegeneration. The serine 
palmitoyltransferase-1, SPTLC1, gene is at the 9q22.2 cytogenetic band, a high G+C content region 
with common genetic alterations sufficient to modify cellular behavior. The sequence is highly 
conserved among diverse species from bacteria to humans, including a recently discovered 126 
nucleotide alternate open reading frame, AltORF. The protein encoded by the reading frames has 
domains of biological interest and considerable overlapping molecular functions associated with 
cellular behavior and cancer progression. Methods: Here we examined molecular features of 
SPTLC1 in a group of inflammation associated cancer cell lines SKN-SH, MDA-PCa, Glioma LN18, 
PC3 and 647V. Subcellular localization of SPTLC1 was assessed by immunofluorescence micros-
copy and recombinant green fluorescent protein expression. In addition, PCR, DNA sequencing 
and bioinformatics analysis were used for molecular profiling of the SPTLC1 genomic and reverse 
transcribed cDNA fragments. Results: SPTLC1 is detected in all cell lines examined, with intense 
peri-nuclear staining, consistent with localization in the cytoplasm. Genomic DNA sample, but not 
the cD NA of SKN cells could be amplified with an AltORF primer set. The PC3 and MDA-PCa cancer 
cell lines which are both of prostate origin, show differences in SPTLC1 PCR amplification. Similar 
levels of SPTLC1 AltORF transcripts were detected by quantitative RT-PCR in all cell lines, except 
the PC3 cell line with low transcript level whose cDNA did not generate nucleotide base sequence 
information. Conclusions: This is the first reported transcriptional expression of the SPTLC1 Al-
tORF for the inflammation associated human cancer cell lines. Interestingly, it is proximate of on-
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cogenic cancer susceptibility genes and distal of tumor suppressor genes, the high content of short 
nucleotide repeats in the SPTLC1 AltORF sequence suggesting the region may be genetically un-
stable. This nominal functional genomics report on the human SPTLC1 AltORF will contribute to 
compiling a more detailed SPTLC1 gene ontology and is expected to help shed more insight into 
unique molecular attributes of SPTLC1 in the context of cancer cell behavior, malignant progres-
sion and the design of treatment for inflammation associated cancers. 
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1. Introduction 
1.1. SPTLC1 Has Non-Enzymatic Function 
Molecular perturbation of the human SPTLC1 gene and regions proximate of its locus on chromosome 9 is 
linked to altered cellular processes, drug response and human disorders. The molecular mechanisms by which 
SPTLC1 may contribute to these processes remain to be fully determined. The expression of the SPTLC1 pro-
tein is reported to be enhanced in normal proliferating cells, such as the lung, stomach and intestinal epithelium 
and in stromal fibroblasts surrounding malignant epithelial tissues [1] [2]. More recently, confocal microscopy 
has localized SPTLC1 at the leading edge of cells in an in vitro model of wound healing [3]. Mutations in the 
SPTLC1 gene have been linked to hereditary sensory neuropathy type 1, HSN1 [4]-[7]. Symptoms associated 
with the disease include, in some cases, altered sphingolipid biosynthesis, which is thought to be due to catalytic 
promiscuity that results in the synthesis of toxic derivatives [8] [9]. Often seen in neurodegenerative diseases 
[10], the resulting toxic micro-environment can lead to neural cell death and the late-onset neurodegeneration 
associated with the disease [11]. However the link between perturbing the SPTLC1 gene and altered composi-
tion of bioactive derivatives generated in the metabolic pathway has been tenuous. It is conceivable from accu-
mulating evidence that the complexity of cellular responses which accompany the perturbation of SPTLC1 ex-
pression [12], derives from factors other than changes in cellular composition of bioactive and toxic sphingolip-
ids alone. Knowledge of SPTLC1 molecular biology has rapidly progressed since the determination of its DNA 
sequence [13], allowing advances to be made in its sub-cellular localization, particularly stress-induced translo-
cation to sites of focal contacts in mammalian cells [3] [14], as well as, identifying novel functional characteris-
tics of SPTLC1. It is now possible to design studies for the predictive understanding of the precise consequences 
that the perturbation of SPTLC1 expression has on cellular processes. 

Although a direct cancer association has not been established for SPTLC1, regions distant and proximate to 
the gene are known cancer disease loci. Several chromosome 9 aberrations such as mutations, chromosomal de-
letion, translocation events or epigenetic alterations are found associated with progression of the cancer process. 
A number of SPTLC1 binding partners encoded by genes on the human chromosome 9q and functionally linked 
to the regulation of multiple biological processes have been identified using antibody-mediated “pull down” ap-
proaches. These binding partners have functional diversity, suggesting that SPTLC1 may contribute in regulat-
ing biologic processes through dynamic protein-protein interactions. The availability of bioinformatics analysis 
tools for annotating the human genome has further opened the door for the identification of protein-protein in-
teraction motifs and the functional relevance of these motifs for the discovery of an increasing number of 
SPTLC1 binding partners. As extensive knowledge of the biochemistry of SPT and increasing understanding of 
the molecular biology of SPTLC1 converge, it has become necessary to redefine SPTLC1 function in terms of 
non-enzymatic contribution to regulating important aspects of cell physiology, cell growth, inflammation, drug 
response, as well as, stress response mechanisms important to human health. 

1.2. Human SPTLC1 Gene Encoded Structure and Functional Domains 
Annotation of the human SPTLC1 gene allows deriving information on gene architecture, regulatory sequences, 
functional domains, protein-protein interactions, as well as, predict novel molecular mechanisms of action. The 
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SPTLC1 gene has been mapped to chromosome 9q22.2/22.31 cytogenetic band region [15], a chromosome with 
over 1100 other genes. Some of chromosome 9 alterations have become a hallmark of carcinomas where muta-
tions, deletion events and epigenetic alterations are linked to the process of tumor formation and progression 
[16]. Homology searches of the human genome sequence show that the published SPTLC1 open reading frame 
(ORF) encodes a protein with several obvious and significant motifs that predict interaction with diverse protein 
moieties and, depending on its temporal-spatial expression, crosstalk with proteins in signaling networks regu-
lating normal physiology and disease states. Some of these domains illustrated in Figure 1, highlight some of 
those that may allow protein-protein interactions for crosstalk in stress response signaling. Its PDZ domain can 
scaffold it with a variety of other proteins in specific regions of the cell, such as focal adhesion sites. It has se-
quences which match Src homology-2, -3 (SH2, SH3) protein-protein binding domains including YLEK, YKLQ, 
YCFS, QPEPLVP and YNIVSGP, that, presumably, could target SPTLC1 to membrane domains and proteins 
[17], plus a DLERLLK sequence for nuclear localization. The SH3 binding domain can be used for binding to 
proline rich sequence in target protein partners such as paxillin. The C-terminal region of SPTLC1 has phos-
phorylation sites that allow crosstalk with structural or signaling proteins [18] regulating cellular morphology, 
growth and viability.  

A recent gene discovery study has identified an SPTLC1 alternate open reading frame (AltORF) in the C-ter- 
minal region of its genome. The out-of-frame alternative translation initiation in human mRNAs [19] [20] is 
thought to contribute to the functional diversity of the human proteome [21], but this remains to be determined 
for the SPTLC1 AltORF. The SPTLC1 ORF encodes a long chain base fragment in the +3 reading frame while 
the SPTLC1 AltORF is aligned with the ORF at nucleotides 1585 to 1710, in the +1 reading frame. The 
SPTLC1 ORF encodes a 473 amino acids protein of at least a highly conserved 53 kiloDalton (kD) sub-unit, 
while the AltORF encodes a 41 amino acids peptide [22]. The structure of the long chain protein is now best ap-
preciated as that of a dynamic fragment capable of interacting with multiple partners including, SPTLC2 and 
SPTLC3 in the catalytic heterocomplex [23], as well as, in other signaling modules involved in the regulation of 
diverse cellular processes [3] [14]. Amino acids at the highly conserved C-terminus of SPTLC1 conform to a 
type II PDZ protein interaction motif known to play an important role in the assembly of signal complexes. Mu-
tation at the extreme carboxyl-terminal region of SPTLC1 which lead to disruption of heterodimer formation not 
only confirmed a role for SPTLC1 in heterodimer formation and membrane tethering, but also the potential to 
bind multiple proteins in diverse signaling pathways. Implicating additional functional roles for SPTLC1 are its 
observed interaction with transport, structural and signaling proteins in cellular pathways of cell proliferation 
and death [3] [14] [24]. Bioinformatics analysis and protein structure modeling of the SPTLC1 AltORF predicts 
a fragment with nuclear localization signal (NLS) sequence KKKTH, cAMP- and cGMP-dependent protein 
kinase phosphorylation sites KKKT and a protein kinase C phosphorylation sites, including ALS and TMR. In 
general, the features of SPTLC1 identified in this report using bioinformatics analysis tools such as the ELM 
Resource, highlight evolutionarily conserved domains that predict putative role, either directly or indirectly, in 
diverse processes that range from the formation of a catalytic heterocomplex to modulating cellular signaling, 
transcriptional expression of gene and ultimately, cellular behavior. 

1.3. SPTLC1 Stress Response Binding Partners 
Various environmental stress stimuli, such as nutrient restriction, heat, chemotoxins and oxygenation, activate a 
 

 
Figure 1. Mapping Functional Domains of Human SPTLC1. The map illustrates the full length SPTLC1 ORF fragment with 
some of the functional domains, in colors, that allow protein-protein interaction and phosphorylation of SPTLC1, which may 
be relevant to its role in stress response signaling. The top labels indicate binding targets; SH is SRC homology domain; 
NLS is nuclear targeting sequence; PKA is phosphokinase A phosphorylating sequence; PDZ is acronym combining the first 
letters of the three proteins for post synaptic density protein (PSD95), drosophila disc large tumor suppressor (Dlg1), and 
zonula occludens-1 protein (zo-1). The location and amino acid sequence for each functional domain are indicated at bottom 
of the map.                                                                                              
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range of cellular stress response pathways that lead to altered metabolic and proliferative status, which favors 
the survival of cancer cells and their progression to metastasis [25]. The reported translocation of SPTLC1 to 
focal adhesion sites [3] [14] [24], is to a sub-cellular domain that plays a critical role in a variety of cellular 
pathways and processes, including cell proliferation, morphology, and cell survival. SPTLC1 has also been co- 
immunoprecipitated with proteins of particular interest to cellular stress response such as the 90 kD heat shock 
protein (Hsp90), a molecular chaperone and vinculin which is an F-actin-anchoring cytoskeletal protein [3] [14] 
[26]. Using immunoprecipitation-high throughput Mass Spectrometry (IP-HTMS), bait and prey gene assay, 
SPTLC1 is found to bind the Regulator of G-protein signaling protein, RGS20 [27], a protein that can act as a 
scaffold for organizing receptors, G-proteins or their effectors to enhance efficiency and specificity of signaling 
interactions [28]. Such interaction is reported to promote the metastasis of human melanomas [29], but it is not 
known whether SPTLC1 binding modulates the functions of RGS20. The SPTLC1 protein interacts with the 
evolutionarily conserved Pulmonary Adenoma Resistance 3 (Par3) cell polarity protein [30]. The Par3 protein 
acts as a scaffold-like PDZ-containing protein and plays a critical role in the formation of junctional complexes, 
establishing and maintaining polarity for epithelial cells. A novel protein-protein interaction between SPTLC1 
and the third PDZ domain of Par3 has been reported from an immunoprecipitation study [30]. Similar to 
SPTLC1, in mice, disruption of the Par3 gene is embryonic lethal, causing aberrant development of epithelia [31] 
[32], suggesting the interaction may be important for cell-cell interaction, proper organization of epithelial tis-
sues, as well as, cellular chemotaxis toward inflammatory signals. Members of the ATP-binding cassette (ABC) 
transporter family are primary active transporters, playing significant roles in absorption, metabolism and toxic-
ity of pharmacological agents. ABCA1 plays an important role in cholesterol homeostasis and its efflux activity 
is central to cholesterol homoeostasis in diverse cells [24] [33]. Immunoprecipitation and Western analysis of 
cultured cell lysate indicate physical interaction between ABCA1 and SPTLC1 [24]. Mutation in chromosome 
9q31 results is associated with defective ABCA1 transporter that lead to the inhibition of effective transport of 
cholesterol and phospholipids out of cells for pickup by ApoA1 in the bloodstream. The disruption of lipid me-
tabolism and transport is implicated in cardiovascular, Alzheimer, Huntington, multiple sclerosis and diabetic 
diseases. Another member of the transporter family, ABCA2 is at 9q34, it belongs to the multidrug resis-
tance/Transporter 1 (MDR/TAP) subfamily known to be involved in the acquisition of the multidrug resistance 
phenotype [34]. By interacting with either of the ABC proteins, there is the potential for SPTLC1 to be involved, 
in a non-catalytic role, in the progression of diverse human diseases. 

1.4. Putative SPTLC1-Chromosome 9 Linkage Group in Cancer Progression 
Proximate and distant genetic lesions on sections of chromosome 9, such as loss of heterozygosity (LOH), copy 
number variation and mutations are linked to molecular pathways for the formation and/or progression of 
glioblastoma, urothelial, prostate and other carcinomas [35] [36]. Genome wide association studies have de-
tected a significant risk between single nucleotide polymorphisms in the 9q22 region and thyroid cancer suscep-
tibility [37] [38]. An association of 9q31.2-rs865686 with breast cancer risk has been reported among women of 
European ancestry [39], as well as with 9q22.33 in other breast cancer patients [40]. Colorectal cancer, ovarian 
cancer, transitional cell carcinomas of the bladder, glioblastoma and neuroblastoma are other cancer diseases in 
which genetic lesion at the 9q region is implicated [41]-[43]. Bioinformatics analysis has been used in the pre-
sent study to identify some members of a putative chromosome 9 functional linkage group encoding proteins 
that play roles in a wide spectrum of biological activities, including stimulation of cell growth, prevention of 
apoptosis, regulation of actin cytoskeleton, modulation of cell shape, cell migration and invasion [44]. The 
ABCA1 and ABCA2 proteins are involved in cholesterol transport and multidrug resistance, respectively. The 
endothelial differentiation gene 3 (Edg3) is a specific receptor for the sphingosine-1-phosphate (S1P) bioactive 
sphingolipid. The prostate cancer antigen 3 (PCA3 or DD3) is a prostate-specific non-protein coding sequence 
highly over-expressed in Prostate Cancer specimens [45] [46]. The Human Patch 1 (PTCH1) gene encodes a 
member of the patched gene family, a cytoplasmic receptor for a number of hedgehog proteins implicated in 
tumorigenesis [41]. Transforming growth factor, beta receptor 1, TGFBR1, is a serine/threonine protein kinase 
whose gene mutations have been associated with cancer risk [47]. The Abelson murine leukemia-1 (ABL1) pro-
tein is a non-receptor tyrosine-protein kinase that plays a role in cell growth and survival. Its chromosomal 
translocation can result in the breakpoint cluster region (BCR)/ABL1 fusion gene chimera a cytogenetic hall-
mark of chronic myeloid leukemia (CML) in which the fusion protein drives neoplasm [48]. Genetic and epige-
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netic changes in chromosome 9 regions remote to SPTLC1 have also been linked to urothelial cell carcinoma 
(UCC), the second most common genitourinary malignant disease in the USA and the heterogeneous Glioblas-
toma brain tumor [16], in which the cell cycle regulating cyclin-dependent kinase inhibitor CDKN2A/B gene at 
9p21 is implicated. Genome-wide association studies of breast cancer have also linked the CDKN2A/B site as a 
susceptibility locus in Breast Cancer 1 (BRCA1) breast cancer patients [49] [50]. Taken together, the emerging 
biological roles for SPTLC1 in cancer biology suggest that they may be driven, in part, by the presence of motifs 
in the gene sequence that predict interaction with diverse protein moieties, its temporal-spatial localization and 
the capacity for crosstalk with proteins in signaling networks regulating biological processes. In this report, 
SPTLC1 is localized to cytoplasm of cancer cells of different tissue origin, all the cell lines examined have 
similar molecular profile based on PCR amplification of the gene transcript. DNA sequence analysis has been 
used to confirm a region with high nucleotide tandem repeat in the SPTLC1 AltORF that may be susceptible to 
genomic instability. 

2. Materials and Methods 
2.1. Cells and Cell Culture 
All cell lines except 647V used in this study were purchased from American Type Culture Collection, Manassas, 
VA. Recombinant cells were generated by transfection with Lipofectamine (Life Technologies). Cells were 
grown in Dulbecco’s modified Eagle’s medium (DMEM), supplemented with 10% fetal bovine serum (FBS) 
and 100 U/ml penicillin and 100 μg/ml streptomycin and grown at 37˚C in a humidified atmosphere of 5% CO2. 
Cells were plated overnight at 3 × 104 cells per well of a 4-well chamber slide (Nalge Nunc, VWR, West Ches-
ter, PA), when stained for confocal imaging. All cell lines used here grow attached with epithelial morphology, 
except MDA PCa cells that grow minimally attached, as aggregates on culture vessels. 

2.2. Confocal Fluorescence Microscopy 
As previously described [14], cells were fixed with 3% paraformaldehyde in phosphate-buffered saline (PBS) 
for 15 min. After three washes with PBS, cells were permeabilized with 0.1% Saponin in PBS, soaked in block-
ing solution (1% bovine serum albumin in PBS) then incubated for 1 hr with primary antibody against SPTLCI 
(BD Biosciences) at a 1:500 fold-dilution. After 2 washes an Alexa-fluor 488-conjugated secondary antibody 
(Invitrogen) at 1:1000 fold-dilution was used for signal amplification. Hoescht 33,364 was used for nuclei 
staining and Phalloidin 596 (Invitrogen) at 1:1000 fold-dilution was used for F-actin cytoskeleton tagging. 
Stained cells were mounted with coverslip and examined using the Zeiss LSB 700 confocal microscope (Carl 
Zeiss, Germany), or the EVOS Fluorescence Microscope (Life Technologies Co.). 

2.3. SPTLC1 Recombinant Cells  
Recombinant vectors carrying full length, mutated or GFP chimera variants of the human SPTLC1 were gener-
ated as Custom DNA Oligos (Life Technologies, Grand Island, NY), then inserted into cells, separately. Briefly, 
One day prior to transfecting vector into cells, about 3 × 105 cells of overnight culture growing near confluence 
in 6-well plates were rinsed with PBS and re-suspended in serum-free DMEM. A solution of 1 µg of the vector 
was incubated with 1 µL volume of Lipofectamine transfection reagent (Clontech Laboratories, Inc., Palo Alto, 
CA) according to manufacturer instruction. Treated cells were incubated in complete medium overnight. Stable 
transfectants were selected with Geneticin (G418) by culturing in DMEM supplemented with 300 µg/ml of the 
antibiotic, for at least 10 days. Surviving cells were then harvested and seeded in new flasks with complete cul-
ture medium. Cells transfected with vector containing the full length SPTLC1 gene are designated as the “Iso” 
construct, the “CSPT” or “-75GFP” constructs have SPTLC1 recombinant vector modified at the C-terminal end 
with GFP. SPTLC1 expression was further validated by reverse transcription PCR analysis of RNA isolated 
from stable transfectants using Trizol reagent (Invitrogen, Carlsbad, CA).  

2.4. Primer Design and Polymerase Chain Reaction 
Total cellular RNA was prepared using the Trizol reagent (Invitrogen). Extracted RNA was used to generate 
cDNA using oligo (dT) primers or random primers and Superscript III reverse transcriptase (Invitrogen) accord-
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ing to the manufacturer’s instructions. Primer pairs used for specifically amplifying the human SPTLC1 ORF 
(GenBank ACCESSION#, Y08685) and AltORF (GenBank ACCESSION#, HF583858) included: mSPTLC1 
forward primer: 5’5’aggagtcactgaacactatg3’’; reverse primer: 5’agctctctccagttcttcct3’, pSPTLC1 forward pri- 
mer: 5’aagaagccattatatactcatat3’; reverse primer: 5’ggcactgataagatcaata3’; both amplifying N- and C-terminal 
regions of the full length SPTLC1 sequence; SPTLC1AltORF forward primer: 5’ttaccaaatggtgtcagtatgg3’, re-
verse primer: 5’aaaaatcagttcctgggcttt3’ targeted the C-terminal region. The annealing temperature used for PCR 
amplification was 56˚C for 35 cycles of PCR. Done in triplicates for each template, PCR reaction was optimized 
to ensure that a single band of the appropriate size is amplified and that no bands corresponding to primer-dimer 
pairs are present. In quantitative real time PCR (Q-RT-PCR), computer generated comparative threshold cycle 
(Ct) values were used to derive relative quantity of each target gene expression, when compared with the house-
keeping gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH). 

2.5. DNA Sequencing 
The PCR products of genomic and cDNA templates were subjected to DNA sequence analysis (GENEWIZ, Inc., 
Cambridge, MA) and the nucleotide sequence data generated used for gene annotation using publicly available 
analysis software. Templates used for DNA sequencing were generated from SPTLC1 specific PCR amplifica-
tion of reverse transcribed cDNA samples. 

2.6. Protein Isolation, Immunoprecipitation and PAGE 
Cells were lysed with immunoprecipitation RIPA buffer (Pierce Fisher Thermo Scientific, Rockford, IL) and to- 
tal cell lysate, supplemented with protease inhibitor cocktail were stored frozen until used. Immunoprecipitation 
and electrophoretic analysis with 10% - 12% polyacrylamide gel followed the manufacturer’s protocol as previ- 
ously described [14]. 

2.7. Bioinformatics Analysis 
Publicly available computer programs and databases were used including: Pubmed 
(http://www.ncbi.nlm.nih.gov/pubmed/) a free resource for biomedical information; Cancer Genome Anatomy 
Project’s Mitelman Database of Chromosome Aberrations and Gene Fusions in Cancer  
(http://www.cgap.nci.nih.gov/Chromosomes/Mitelman). The I-TASSER computer program  
(http://zhang.bioinformatics.ku.edu/I-TASSER) provided protein structure prediction. The UCSF Chimera 
computer program (http://www.cgl.ucsf.edu/chimera/download.html) was for sequence analysis. Protein expres-
sion was with Human Protein Atlas (http://www.proteinatlas.org/) [51]. 

3. Results and Discussion 
3.1. Localization of SPTLC1 in Inflammation-Associated Cancer Cell Lines 
As indicated in Table 1, using different analytical platforms, all cell lines tested have similar SPTLC1 expres-
sion profile.  

As shown in Figure 2, the pattern of SPTLC1 immunostaining in fixed cells also correlates with the expres-
sion of SPTLC1 as a GFP chimera protein in the cytoplasm of recombinant cells. The GFP gene encodes a 
naturally fluorescent light-emitting chromophore and is a popular living marker for transiently and stably trans-
fected clones in many studies. 

3.2. Molecular Characterization of SPTLC1 in Cancer Cell Lines 
The region of overlap between the ORF and AltORF of the SPTLC1 gene is illustrated in Figure 3. For a 2780 
base pair long sequence, the AltORF aligns towards the C-terminal end of the ORF.  

Transcriptional expression of the SPTLC1 AltORF was assessed in the current study, using PCR primer sets 
illustrated in Figure 4, designed to target a 100 base pair of the 120 base pair sequence. 

The agarose gel images of Figure 5 show that the mSPTLC1 primer set that targets the ORF sequence suc-
cessfully generated PCR amplicons from both genomic and cDNA templates from all the cell lines, except the 
MDA-PCa cell line template which did not generate detectable agarose gel signal. The pSPTLC1 primer set  

http://www.ncbi.nlm.nih.gov/pubmed/
http://www.cgap.nci.nih.gov/Chromosomes/Mitelman
http://zhang.bioinformatics.ku.edu/I-TASSER
http://www.cgl.ucsf.edu/chimera/download.html
http://www.proteinatlas.org/
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Figure 2. Localization of SPTLC1 in inflammation associated human cancer 
cell lines and their recombinant constructs. The localization of SPTLC1 is 
represented as green fluorescence, cytoskeleton is in red and nuclei in blue for 
fixed cells. Live imaging of cells expressing GFP or SPTLC1-GFP chimera 
protein is captured as green fluorescence signal. Profuse GFP expression at 
bottom left panel is in cell nucleus and cytoplasm, while recombinant 
SPTLC1-GFP is seen only in cell cytoplasm (bottom panel, middle and right). 
Images were captured at either 20× or 40×.                                      

 

 
Figure 3. Sequence alignment of SPTLC1 reading frames. The SPTLC1 ORF en-
codes the long chain base SPTLC1 protein in the +3 reading frame while the 
SPTLC1 AltORF is in the +1 reading frame. The region of alignment for the Al-
tORF sequence is at nucleotides (nt) 1585 to 1710 of the SPTLC1 ORF.                                                     
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Figure 4. Primer binding sites for the SPTLC1 AltORF. Key: “>>>>>” indicates 
the target region encompassed by the SPTLC1 AltORF PCR primer set used in the 
current study. The contiguous DNA sequence (contig) is indicated by a dashline 
box. This is the first reported use of a PCR primer set targeting the AltORF of 
SPTLC1 and functional characterization of the alternate reading frame in cancer 
cells of the inflammation-associated type.                                            

 

 
Figure 5. The SPTLC1 sequence is differentially amplified in cancer cells. 
Sample loading, for ORF: St is 100 bp standard; 1 and 11 are SKN-SH; 2 and 
12 are MDA-PCa; 3 and 13 are Glioma; 4 and 14 are Glio-Iso; 5 and 15 are 
Glio CSPT; 6 and 16 are PC3; 7 and 17 are PC3-75GFP; 8 and 18 are 647V; 9 
and 19 are 647VIso; 10 and 20 are 647V-CSPT. For the AltORF: St is 100bp 
standard; 1 and 6 are SKN-SH; 2 and 7 are MDA-PCa; 3 and 8 are Glioma; 4 
and 9 are PC3; 5 and 10 are 647V. Genomic template is DNA isolated from 
cells and cDNA was generated by reverse transcription of random primed to-
tal RNA followed by PCR Amplification with SPTLC1 specific primer sets. 
Images are of ethidium bromide stained samples run in 2% agarose gel.         

 
Table 1. Human cell lines screened for SPTLC1 expression and AltORF Sequence.                                     

Cell line Source SPTLC1 Analysis method 

SKN-SH Neuroblastoma ± FCM; RT-PCR; DSA 

MDA-PCa Prostatic ± FCM; *RT-PCR; DSA 

Glioma LN18 Glioblastoma ± FCM; RT-PCR; IP; DSA 

PC3 Prostatic ± FCM; RT-PCR; **DSA 

647V Urothelial + FCM; RT-PCR; DSA 

Key: FCM, fluorescence confocal microscopy; RT-PCR, reverse transcription-polymerase chain re-action; IP, immunoprecipitation-PAGE; DSA, 
DNA sequence analysis of AltORF sequence. In staining protocol, each of the cell line was incubated on culture slide overnight to allow them 
ac-climatize. RNA was extracted from cells harvested from culture plates and then analyzed by RT-PCR. Lysate of total cellular protein were pre-
pared for analysis by PAGE and Western blotting with anti-SPTLC1 antibody. “+” is used to indicate positive expression of SPTLC1 under all ana-
lytical procedures used. “+” indicates there was differential expression of SPTLC1 among the templates assayed. “*” genomic DNA template of the 
MDA-PCa cell line did not generate detectable amplicon with PCR primer set targeting the ORF although the cDNA was detectably amplified with 
the same prime set. **No sequence information was generated with cDNA sample of PC3 cells. 
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which also targets the ORF sequence also generated detectable amplicons from cDNA templates of all the cell 
lines except the MDA-PCa cell line. In the same Figure 5 agarose gel image genomic template from all the cell 
lines generated PCR amplification of the SPTLC1 AltORF target, but was not detected in the SKN-SH cell line 
with the same primer set.  

Transcriptional expression of the SPTLC1 AltORF in the cancer cell lines of this study was assessed by quan-
titative reverse transcription PCR (Q-RT-PCR) and the bar graph of Figure 6 reveals that each of the “Iso” re-
combinant cell line expresses higher relative SPTLC1 transcript levels, when compared to their parental coun-
terpart. There is significantly lower relative transcriptional expression of the AltORF message in PC3 cells 
compared to the other parental cell lines or their SPTLC1 recombinants. The molecular basis for the differences 
in PCR and Q-RT-PCR profile could be due to cell specific genetic lesions that may result in modification of 
primer binding site, copy number variation, loss of zygosity or microsatellite instability at the C-terminal region 
of the SPTLC1 sequence. The relatively low amplification of PC3 SPTLC1 AltORF seen in Figure 6 was also 
accompanied by lack of AltORF nucleotide sequence information generated for the PC3 cDNA template as in-
dicated in Figure 7. The GenBank nucleotide sequence of SPTLC1 AltORF is one with several short tandem 
repeat motifs. Such greater than two nucleotide repeats are characteristic of microsatellites and are known to ex-
ist as a prominent feature of a subset of human cancers [52]. The presence of nucleotide repeats in the SPTLC1 
AltORF region suggests the region may be susceptible to MSI that could contribute to differences in genetic 
profile among the cell lines. 
 

 
Figure 6. Q-RT-PCR assessment of SPTLC1 AltORF transcript expression. “*” indicates relative 
SPTLC1 transcript level significantly lower than that in all other cell lines. Equivalent amount of 
reverse transcribed cDNA generated from equal amount of RNA was used for quantitative PCR 
with the SPTLC1 AltORF-specific primer set. The bar graph was generated from relative SPTLC1 
transcript levels (Ct) from the Q-RT-PCR assay, with the house-keeping glyceraldehyde-3-phos- 
phate dehydrogenase (GAPDH) gene as control.                                                                    

 

 
Figure 7. DNA sequence analysis of the SPTLC1 AltORF. Sequences were generated from cDNA 
samples of reverse transcribed RNA samples from each of the cell line, using the forward primer for 
SPTLC1 AltORF, illustrated here. The contig sequence indicated in the figure was computer gener-
ated by sequence alignment. Nucleotide repeats including the A’s and ATT in the sequence often con-
stitute microsatellite regions known to be highly susceptible to genetic lesions, a common future of 
cancer cells [52].                                                                            
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3.3. PAGE Analysis of Immunoprecipitated SPTLC1 Protein 
The Human Protein Atlas [51] lists a wide tissue and cell line distribution for the SPTLC1 protein based on 
studies with proliferating cells and malignant tissues. Figure 8 illustrates the image of a stained PAGE gel com- 
paring protein bands of total cell lysate and SPTLC1 antibody mediated pull-down (immunoprecipitation) from 
the lysate of Glioma LN18 and SKN-SH cells. The antibody used to immunoprecipitate (IP) SPTLC1 from total 
cell lysate has been successfully used in immunoprecipitation and Western blot analysis [14] which can be ap-
plied for quantitative assessment of protein expression. However, the goal of the present study was only to de-
tect SPTLC1 protein expression in the cell lines and the PAGE gel was stained directly for this qualitative as-
sessment. The antibody used in the current study targets a major epitope at the N-terminal region of SPTLC1 
identified by PAGE as a 53 kD fragment, but there is evidence the antibody also recognizes a minor epitope at 
the C-terminal end of the long chain peptide fragment as evident in a 28 kD fragment in PAGE assays. The rela-
tive mobility of IgG heavy chain and light-chain serum proteins in PAGE are detectable at about 50 kD and 20 
kD band regions, respectively. The amount of antibody serum loaded into lane 2 of Figure 8 is equivalent to the 
amount of antibody that was used in pulling down SPTLC1 protein loaded unto lanes 4, 6 and 8. There is en-
hanced band intensity at the relative mobility region of 53 kD where the SPTLC1 protein migrates, which is 
about a 5-fold increase when lane 2 is compared to the IP lanes 4, 6 and 8 bands in Figure 8. This observation is 
consistent with enhanced band intensity at the same region that has been reported with Western blot analysis of 
SPTLC1 [14]. Since the SPTLC1 antibody also recognizes a 25 kD fragment (truncated protein), it is possible 
that this is responsible for the very closely aligned double band seen at the 20 kD region of the IP lanes 4, 6 and 
8 of Figure 8. 
 

 
Figure 8. Immunoprecipitation-PAGE analysis of SPTLC1 expression. Lanes labeled 
“IP” were loaded with immunoprecipitate pulled down from cell lysate with the anti-
body against SPTLC1. Lane S, Protein Standard, Lane 1, Heavy and light IgG chain 
fragments in total antibody serum; Lane 2, IgG heavy and light chains eluted with 
Magnetic Beads; Lane 3, Total cell lysate of Glioma LN18 cells; Lane 4, SPTLC1 IP 
in wild type Glioma LN18 total cell lysate; Lane 5, total cell lysate of recombinant 
CSPT1-Glioma cells; Lane 6, SPTLC1 IP in recombinant CSPT1-Glioma cell lysate; 
Lane 7, total cell lysate from anchorage independent recombinant CSPT1-Glioma 
colonies; Lane 8, SPTLC1 IP in anchorage independent recombinant CSPT1-Glioma 
colonies; Lane 9, Total cell lysate of SKN-SH cells.                                                                
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3.4. Bioinformatics Analysis of the SPTLC1 Gene and Encoded Protein 
The molecular function of the newly discovered SPTLC1 AltORF has not been investigated, but bioinformatics 
analysis suggests that the sequence encodes a truncated 43 amino acids peptide fragment. Illustrated in Figure 9 
is a ribbon diagram for the putative fragment generated by the SPTLC1 AltORF sequence using the I-Tasser 
program. Functional domain search reveals that the fragment has KKKTH, a nuclear localization sequence 
(NLS); KKKT, which is a cAMP- and cGMP-dependent protein kinase phosphorylation site, and TMR, a pro-
tein kinase phosphorylation site. These domains can, potentially, add functional heterogeneity to the SPTLC1 
gene product. It has a threonine (T) residue located close to a C-terminal basic lysine (L) residue known to be 
targeted for phosphorylation by protein kinase C. The encoded alternate or truncated SPTLC1 fragment has the 
molecular characteristic, is longer than the standard 24 amino acids peptide minimum size threshold, but small 
enough for nuclear and focal adhesion localization. 

3.5. SPTLC1 and Disease-Associated Chromosome 9 Functional Linkage Group 
The expression of human SPTLC1 occurs within a very complex biological system involving metabolism, 
transport, intracellular signaling and cellular processes of stress response, survival and death [53]-[55], with 
genes close together on the same chromosome often encoding proteins having functional overlap [56]-[58]. Al-
though SPTLC1 has not been directly identified as a cancer disease gene, several of the disease genes that map 
to chromosome 9 with SPTLC1, also exhibit considerable overlapping molecular functions. The genes high-
lighted in this report encode proteins that are either SPTLC1 binding partners such as ABCA1, ABCA2, SHC3, 
Edg3R, BIP/GRP78, ABL1, or are proteins that can engage in signaling crosstalk with it, such as DD3, PTCH1 
or TGFBR1 (Table 2). 

Another cluster of genes in the human chromosome 9q, proximate of SPTLC1 are highlighted in Table 3. As 
referenced above, there are reports indicating that SPTLC1 may interact directly or indirectly with the encoded 
proteins listed here. However, the extent to which an SPTLC1 encoded protein variant influences interaction 
with the proteins listed or the possible consequence on their signaling function in stress response is not fully 
known.  

3.6. A Schematic of Emerging Human SPTLC1 Interactome 
The protein interactome schematic of Figure 10 was derived using reports from immunofluorescence staining,  

 

 
Figure 9. Ribbon diagram predicted for human SPTLC1 AltORF translation 
product. The protein structure was predicted with the I-TASSER program, 
from the amino acid sequence of the peptide encoded by the SPTLC1 AltORF. 
Random coil is in red, alpha helix in green and beta sheet in blue. Color- 
coded amino acid sequence is aligned with the predicted secondary structure. 
Predicted functional domains are underlined in broken lines.                



T. Yerokun et al. 
 

 
896 

 
Figure 10. Schematic of emerging human SPTLC1 interactome. ABCA1, 
ATP-binding cassette transporter 1; ABL1, c-abl oncogene 1; Edg3, endothe-
lial differentiation G-protein coupled receptor 3; Hsp90, 90 kiloDalton heat 
shock protein; ORM, orosomucoid 1; PAR3, pulmonary adenoma resistance 3; 
PXN, paxillin; PI3K, phosphatidylinositol-4,5-bisphosphate 3-kinase; SHC3, 
Src homology containing 3 domain; RGS20, regulator of G-protein signaling 
protein 20; SPTLC variants 1, 2 and 3; VCL, vinculin.                            

 
Table 2. SPTLC1 has functional linkage genes at human chromosome 9q22 region.                                             

Gene Cytogenetic band locus Known and putative functional genomics 

SPTLC1 
Serine palmitoyltransferase 1 

9q22.2/22.31 

Patients with severe HSN1 have disease-associated SPTLC1 mutations [4] [7] 
[15]. Some mutations are implicated in enzyme catalytic promiscuity that leads 

to accumulation of neurotoxic sphinganines in plasma samples and  
recombinant HEK293T cells [8] [9]. 

TGFBR1 
Transforming growth factor, beta 

receptor 1 
9q22 

Encoded protein forms heteromeric complex with type II TGF-beta receptors 
when bound to TGF-beta. Transduces TGF-beta signal from cell surface to the 

cytoplasm. Mutation in TGFBR1 known to alter TGF-β signaling, promote 
tumorigenesis and increase risk for Breast cancer [47] [59]. 

SHC3 
Src homology containing 3  

domain 
9q22.1 

Encodes a docking protein important in signaling pathways regulating cellular 
proliferation, survival and differentiation. The interaction of SHC3 and Edg3R 

is important in cancer progression [60]. The SHC3 domain of SPTLC1 may 
allow crosstalk with EDG3. 

Edg3R (S1P3) 
Endothelial differentiation 

G-protein coupled receptor 3 
9q22.1 - 22.2 

Family of Edg receptors signal cellular proliferation, morphology and are  
involved in inflammation [61]-[63]. Edg3 signals through G-protein to 

 downstream events of Rho, Ras, PKC and PI3K [64]. The EDG3 and SHC3 
genes at 9q22.1 encode proteins whose interaction is implicated in cancer  

progression [44] [60]. 

Patch 1 (PTCH1) 
Negative regulator patched 1 

9q22.3 

One of cytoplasmic receptors for a number of hedgehog proteins implicated in 
tumorigenesis [41]. A tumor suppressor mutation in PTCH1 is implicated in 
increased constitutive activity of growth promoting Hedgehog signaling in 

urothelial carcinoma [65]. 
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Table 3. SPTLC1 has functional linkage genes proximate of human chromosome 9q22 region.                           

Gene Cytogenetic band locus Known and putative functional genomics 

DD3 or PCA3 
Prostate cancer antigen 3 

9q21.2 Non coding and highly over-expressed in Prostate Cancer specimens [45] [46]. No 
known relationship with SPTLC1 although in close genomic proximity. 

BIP/GRP78 
78 kDa glucose-regulated 

protein. 
9q33.3 

An ER lumen integrated stress response-related protein, implicated in the unfolded 
protein response and cancer progression pathways [66]. It binds SPTLC1 in Hek3 

human kidney cancer cell line [3]. 

ABL1 
c-abl oncogene 1 

9q34.1 

A non-receptor tyrosine-protein kinase linked to key processes regulating cell  
differentiation, division, adhesion, motility, stress response and death. Reciprocal 
translocation of ABL1 oncogene to 22q11 creates the BCR/ABL1 fusion gene, a 

cytogenetic hallmark of chronic myeloid leukemia [48] [67]. ABL phosphorylates 
SPTLC1 at Tyr(164). Mutating Tyr(164) to Phe in SPTLC1, increasing SPT enzyme 

activity and apoptotic sensitization of cultured K562 cells [68] [69]. 

 
co-localization, antibody pull-down, bioinformatics analysis and functional genomics studies. The lines join in-
teracting protein partners in designated functional modules (e.g. cellular homeostasis). The scheme also shows 
that a single stress stimulus can impact multiple signaling pathways. The interactome highlights the potential for 
SPTLC1 contributing to multiple biologic functions through heterocomplex formation and/or crosstalk with 
structural, transport or signaling proteins regulating diverse cellular processes. For example, cell morphology 
can be modified through interaction with structural and scaffolding proteins, cell behavior through kinases and 
nuclear proteins in regulating transcriptional expression. Interaction of SPTLC1 protein with those encoded by 
genes linked to SPTLC1, such as the orosomucoid 1 (ORM1) gene which encodes a putative signaling protein 
over-expressed in acute inflammation [70], or ABCA1 [24] in cholesterol transport also has functional implica-
tions. In Saccharomyces interaction of ORM with SPTLC1 is reported to regulate the homeostasis of bioactive 
sphingolipids [71]. However, all the SPTLC1 interactome for its chromosome 9 linkage group has not been de-
termined. 

4. Conclusion 
The temporal-spatial localization and molecular profile of the human SPTLC1 highlighted in this study is that of 
an emerging stress responsive protein capable of modulating cellular behavior through a protein interactome 
conducive to the progression of the malignant phenotype in inflammation associated cancers. Parental cancer 
cell lines and their SPTLC1 recombinant counterparts provided a useful cell model for assessing global expres-
sion profiles of the SPTLC1 gene. The similarity in the cytoplasmic sub-cellular localization of SPTLC1 as de-
tected by immunostaining and expression as a GFP chimera protein is consistent with a wide tissue distribution 
for the protein. Differences in molecular profile among the cell lines based on PCR amplification and sequence 
data may be due to the effect of different genetic lesions in the gene sequence. In particular, microsatellite insta-
bility at the AltORF sequence is often seen in human cancers [51]. However, since all the cell lines examined in 
this study show positive immunostaining for SPTLC1 expression, post-translational modification cannot be 
ruled out as a factor that can modulate the molecular function of SPTLC1. Bioinformatics analysis of the human 
SPTLC1 AltORF identifies functional phosphorylation and localization domains that may be relevant to its 
functional genomics. Protein kinase C has been found from in vivo studies to exhibit a preference for the phos-
phorylation of serine or threonine residues found close to a C-terminal basic residue [53]. The abnormal phos-
phorylation of the SPTLC1AltORF fragment could lead to conformational perturbation of both SPTLC1 and any 
of its binding partners, with implications for altered regulation of cellular behavior. This study provides a first 
functional genomics evidence for the transcriptional expression of the SPTLC1 AltORF based on PCR amplifi-
cation of both the genomic sequence and the reverse transcribed mRNA. Several putative microsatellites exist in 
the SPTLC1 AltORF sequence making it a region susceptible to instability, but it remains to be determined if 
this contributes to differences in SPTLC1 molecular profile. Together, the findings of the current study provide 
additional insight into the molecular profile of SPTLC1 that will contribute to better understanding the molecu-
lar mechanisms by which its spatial distribution and binding characteristics may be integrated into shared bio-
logical processes. 
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