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Overall Abstract 

 

The SLC2A14 gene encodes for GLUT14, a novel glucose and dehydroascorbic acid facilitative 

solute carrier. The literature record on SLC2A14 and its encoded products are very limited. To 

date, two different transcripts encoding for two protein isoforms had been described. Genetic 

variations in SLC2A14 are associated with chronic diseases such as Alzheimer’s disease and 

Inflammatory Bowel Disease. However, disease mechanism concerning glucose metabolism are 

undetermined. To investigate disease mechanism, all genomic transcripts and protein isoforms 

need to be annotated. Our objectives were to describe the SLC2A14 locus and its encoded 

products systematically using recent bioinformatics resources and link the gained knowledge to 

potential disease pathology. Three manuscripts were derived.  

In manuscript 1, novel transcripts and individual protein isoforms were identified and annotated. 

A much more comprehensive list of tissues expressing SLC2A14 was created.  All protein 

isoforms were heterologous expressed in human enterocyte cells to determine subcellular 

localization to the plasmalemma membrane.  

In manuscript 2, the substrate spectrum and kinetics were determined for protein isoform 

GLUT14A.  

In manuscript 3, SLC2A14’s association to inflammatory bowel diseases was linked to the 

modulation of innate immune cells based on the expression evidence in intestinal cell types.  

The project establishes the core SLC2A14 biology. This will form the basis to further investigate 

the disease mechanism associated with SLC2A14 genetic and genomic variability.   
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Overall Introduction and Literature Review 

 

Introduction and literature review  

Glucose is a major substrate for energy production in mammalian cells. However, glucose 

molecules cannot cross the lipid membrane of the cell by simple diffusion due to its polar nature 

and large size. As Glucose homeostasis is fundamental for human health, so are the solute carriers 

mediating glucose transmembrane transport. Thus, expanding the knowledge of glucose 

transporters biochemistry and physiology contributes to a better understanding of whole-body 

glucose homeostasis under normal and disease conditions. 

The significance of glucose transporters is apparent, as they regulate tissue-specific glucose 

uptake. Most cells express a variety of glucose transporters and the pattern of expression in 

different tissues is related to specific metabolic requirements (Shah, 2012). Moreover, the roles of 

glucose transporters had become a focus as therapeutic targets for dietary interventions for various 

diseases such as diabetes and cancers (Navale, 2016).  

Two main types of glucose membrane transporters have been identified: Sodium-dependent 

glucose cotransporters (SGLTs, encoded by genes of the SLC5A family) and facilitated diffusion 

glucose transporters (GLUTs, encoded by genes of the SLC2A family) (Navale,2016). On the basis 

of sequence similarities, 14 members in this family are divided into three classes. Class I includes 

GLUT1, GLUT2, GLUT3, GLUT4, and GLUT14. Class II includes GLUT5, GLUT7, GLUT9, 

and GLUT11. Class III is made up of GLUT6, GLUT8, GLUT10, GLUT12, and GLUT13 

(Augustin, 2010). 

Although these membrane carrier proteins are called glucose transporters, they are involved in the 

transport of several different molecules, not just glucose (Augustin, 2010). Substrates other than 

glucose, include fructose, galactose, mannose, xylose and dehydroascorbate. However, the spectra 

of substrates for many of the 14 GLUTs are still not characterized (Thorens, 2010).  

GLUT14, encoded by the SLC2A14 gene, was the latest GLUT family member identified. This is 

owed to the fact that SLC2A14 is a gene duplication of SLC2A3 specific to humans and closely 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/homeostasis
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related primates (Wu and Freeze, 2002). This initial report described exclusive expression in 

testicular tissue and identified two alternatively spliced variants, resulting in two protein isoforms 

(Wu and Freeze, 2002). The shorter form GLUT14-S is encoded by 10 exons and translates into a 

497-amino-acid protein that was described as 94.5% identical to GLUT3. A long isoform 

GLUT14-L utilized an additional 5’ exon and codes for a protein of 520 amino acids that differs 

from GLUT14-S only at the N-terminus (Wu and Freeze, 2002).  

Subsequently, it was demonstrated that both protein isoforms are targeted to the plasmalemma 

membrane (Amir Shaghaghi, Murph, et al., 2016). Moreover, eight additional exons were 

identified for the SLC2A14 locus, but a detailed description of resulting splice variants and protein 

isoforms are still not published.  

Moreover, additional sites of expression were located to eleven tissues which are colon, lung, 

ovary, blood cells, brain, skeletal muscle, heart, small intestine, kidney, lymph node, and liver 

(Amir Shaghaghi, Zhouyao, et al., 2016; Wu and Freeze, 2002). However, to date, the tissue 

expression across human tissues is not completely examined. 

Significantly, GLUT14-L and GLUT14-S mediated transmembrane transport of glucose and 

dehydroascorbic acid (Amir Shaghaghi, Zhouyao, et al., 2017), establishing multi-specificity. 

However, no additional substrates had been tested. Based on the substrate spectrum of the closely 

related GLUT3 (Wu and Freeze, 2002), which mediates the transmembrane transport of glucose, 

galactose, mannose, xylose and dehydroascorbic acid (Deng, 2015; Seatter, 1998), there is a high 

likelihood that other hexoses or hexose-like molecules are also accepted by GLUT14.  

Several reports link SLC2A14 gene expression to disease states. SLC2A14 is differential expressed 

in acute lymphoblastic leukemia (Taylor, Pena-Hernandez, et al., 2007), blastocysts development 

(Adjaye, Herwig, et al., 2007), drug resistant ovarian cancer cells (Januchowski, Zawierucha, et 

al., 2013, Januchowski, Zawierucha, et al., 2014), a specific genotype associated with Parkinson’s 

Disease (Infante, Prieto, et al., 2015), specific subtypes of gastric adenocarcinoma (Berlth, Mönig, 

et al., 2015), poor survival outcomes in papillary thyroid carcinoma (Chai, Yi, et al., 2017), 

radiation-induced human skin fibrosis (Song, Zhang, et al., 2018), adaption of colon cancer cells 

to hypoxia (Valli, Morotti, et al., 2019), and Glioblastoma (Sharpe, 2021) (Figure 1). However, 

all but one of the reports on the differential regulation are derived from single studies, and await 
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future replication, which will be necessary to elucidate on the mechanism linking the disease states 

to SLC2A14 expression.   

 

Figure 1: Associations between SLC2A14 and disease states in different tissues. 

 

Individual SLC2A14 single nucleotide polymorphisms (SNPs) had been associated with 

Alzheimer's disease (Shulman, Chipendo, et al., 2011, Wang, Yu, et al., 2012), and inflammatory 

bowel diseases (Shaghaghi, Zhouyao, et al., 2017).  

In addition, copy number variations (CNVs) associated with intraocular pressure (Nag, Venturini, 

et al., 2013), rheumatoid arthritis (Veal, Reekie, et al., 2014), and left‐sided congenital heart 

lesions in patients with Turner Syndrome (Prakash, Bondy, et al., 2016).  

The high similarities between GLUT14 and the paralogous parent GLUT3 warrants attention. 

GLUT3 was first identified in human in 1988 (Long, 2015). It has one isoform which is a 496 

amino acid protein. Although GLUT3 is considered as a neuron-specific glucose transporter 

specifically in the brain, it is also expressed in tissues with high demand for glucose such as testis, 

placenta (Augustin, 2010). It is a class I protein with a moderate affinity for glucose of (Km ∼1.5 

mM) (Thorens, 2010). It can also transport galactose, mannose, maltose, xylose, and 

dehydroascorbic acid, but not fructose (Deng, 2015; Seatter, 1998). Comparing GLUT3 with other 

class I transporters, many studies has shown that it has 64.4% and 51.6% identity with GLUT1 

and GLUT2, respectively (Long, 2015; Vrhovac, 2014; Simpson, 2008).  
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Thus far, a few common features of GLUT14 with GLUT3 have emerged. Both mediate the 

transmembrane transport of glucose, galactose and dehydroascorbic acid and are highly express in 

testis ( Sharpe, 2021; Shaghaghi, Zhouyao, et al., 2017, Wu and Freeze, 2002). However, more 

detailed analyses are needed on the commonalities and distinctions between GLUT14 with GLUT3 

in order to extrapolate on both transporters’ contributions to physiology and diseases.  

To conclude, the basic information on the SLC2A14 gene and its encoded products remains 

inadequate. Moreover, the reports on SLC2A14 differential expression and genetic associations 

appear to be spurious. In addition, the similarities and differences between GLUT14 and GLUT3 

in the human body are unclear. 

Knowledge gaps 

The literature and database review indicates the following major knowledge gaps:  

1. Exon utilization, splice variants, and encoded protein isoforms are only partially 

characterized for the SLC2A14 locus.  

2. The full complement of tissue expression is not fully analyzed or published. 

3. Additional GLUT14 protein isoforms remain to be described.   

4. The subcellular location of the uncharacterized GLUT14 protein isoforms is unknown.  

5. The full complement of substrates and kinetics of all GLUT14 protein isoforms are 

unknown. 

6. The similarities and differences between GLUT14 and GLUT3 remain to be described. 

Hypotheses  

GLUT14/SLC2A14 encodes more protein isoforms instead of two isoforms mediating glucose 

transport across the plasmalemma membrane and other substrates. 

 

Objectives  

In order to prove this hypothesis, we address the following objectives:  

1. Update the knowledge on the genomic locus, specifically the different splice variants 

translating into distinct protein isoforms.  

2. Update the knowledge on the tissue expression.  
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3. Subclone the individual Open Reading Frames for the transcripts encoding individual 

protein isoforms.  

4. Determine the subcellular localization of the individual protein isoforms.  

5. Determine the substrates uptake and kinetics of the individual protein isoforms.  

6. The similarities and differences between GLUT14 and GLUT3 remain to be described. 
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Transition Statement to Manuscript 1 

 

Up to date, published records have shown incomplete knowledge of SLC2A14. In manuscript 1, 

public databases/resources were re-evaluated to refine the knowledge on the genomic locus, its 

derived transcripts, protein isoforms, and tissues of expression.  
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SLC2A14: The Complement of Transcripts and 

Protein Isoforms 

 

 

 

 

 

 
 

 

 

 

 

 

 



11 
 

Abstract 

To date, published records have shown incomplete knowledge of the SLC2A14. After the 

reanalysis of publicly available transcripts, six differentially spiced transcripts were identified 

encoding four protein isoforms. However, we report five protein isoforms, of which one (isoform 

E, encoded by EST DA225116) is currently not identified in public databases and therefore has 

no refence protein ID. This record enhances the knowledge of the full complement of SLC2A14 

transcripts, protein isoforms and tissue expression, and the sub-cellular targeting of the protein 

isoforms by using a mix of bioinformatics and experimental tools. 

Introduction 

Publications on the SLC2A14 gene and its disease associations are very limited and appear to be 

singleton records (Taylor, Pena-Hernandez, et al., 2007; Adjaye, Herwig, et al., 2007; 

Januchowski, Zawierucha, et al., 2013, Januchowski, Zawierucha, et al., 2014; Infante, Prieto, et 

al., 2015;  Berlth, Mönig, et al., 2015; Chai, Yi, et al., 2017; Song, Zhang, et al., 2018; Valli, 

Morotti, et al., 2019; Sharpe, 2021; Shulman, Chipendo, et al., 2011; Wang, Yu, et al., 2012; Amir 

Shaghaghi, Zhouyao, et al., 2017; Nag, Venturini, et al., 2013; Veal, Reekie, et al., 2014; Prakash, 

Bondy, et al., 2016). It is imperative to possess the complete knowledge of the SLC2A14 gene to 

evaluate the biology behind such associations. Unfortunately, published records on the SLC2A14 

gene are incomplete and can be improved through the exploration of data deposited in genetic and 

genomic databases.  

There are discrepancies when comparing the published evidence on the SLC2A14 genomic locus, 

its differentially spliced transcripts and encoded protein isoforms with the major genome browsers 

(NCBI, ENSEMBL and USCS). The most complete record described the SLC2A14 genomic locus 

as covering 103,477 nucleotides on chromosome 12p13.31 and containing 20 exons, which is 

consistent with evidence depicted in the genome browsers (Amir Shaghaghi, Murphy, et al., 2016). 

Three major transcripts encoding for two protein isoforms (named A and B, in some records Long 

and Short) were thus far described to be derived from the locus (Amir Shaghaghi, Murphy, et al., 

2016). However, the NCBI SLC2A14 gene page (gene ID 144195) lists six differentially spliced 

transcripts encoding for four protein isoforms named A-D (Table 1). 

It has already been established that protein isoforms A and B locate to the plasmalemma membrane 

and mediate the transmembrane transport of glucose and dehydroascorbic acid (Amir Shaghaghi, 
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Murphy, et al., 2016, Amir Shaghaghi, Zhouyao, et al., 2017). For protein isoform C and D no 

literature record exists. Using a mix of bioinformatics and experimental tool, this report aims to 

describe the full complement of differentially spliced transcripts and protein isoforms derived from 

the SLC2A14 genomic locus.  

Table 1: The differentially spliced transcripts and encoded protein isoforms listed to be derived 

form the SLC2A14 gene in the NCBI database (gene ID 144195, 

https://www.ncbi.nlm.nih.gov/gene/144195, accessed on 12-23-2021) 

 

Highest SLC2A14 expression was reported for testis; additional sites are reported for colon, small 

intestine, lung, ovaries, blood cells, brain, skeletal muscle, heart, kidney, placenta, and liver (Amir 

Shaghaghi, Murph, et al., 2016). Although only a limited number of tissues seem to express 

SLC2A14 the complement of tissues had not been described in full. Utilizing recently deposited 

next generation sequencing data of human tissues the complement of tissues expressing SLC2A14 

can now be updated.  

To conclude, this record aims to describe the full complement of SLC2A14 transcripts, protein 

isoforms and tissue expression, as well as the sub-cellular targeting of the protein isoforms.   

 

Material and Methods 

Assemblies of the genomic region and identification of alternatively spliced transcripts 

The genomic locus was annotated using bioinformatics as we have applied before. Briefly, the 

gene structure and differentially spliced transcripts were determined with SequencherTM software, 

using assemblies of all available transcripts from the NCBI full transcripts and expressed sequence 

tags databases (Amir Shaghaghi, Murph, et al., 2016, Amir Shaghaghi, Yurkova, et al., 2013).  

Protein isoforms 
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Sequences for GLUT14 isoforms A-D were obtained from the NCBI database (Table 1). The 

sequence of an additional isoform was identified after the genome annotation and its sequence 

was translated in the SequencherTM software. Protein isoforms were assembled using Clustal-

Alignment (https://www.ebi.ac.uk/Tools/msa/clustalo/).  

Gene expression  

Thirty-six publicly available sources (mostly depositories or databases containing next 

generation sequencing data) were interrogated for SLC2A14 tissue expression (Supplemental 

Information Table 1).  

The research criterion was to obtain reliable sources for SLC2A14 tissue expression in human. 

Each project was reanalyzed separately by using Microsoft Excel or Microsoft Word to 

determine the number of  SLC2A14 tissue expression. The obtained results were filtered so that 

the duplicate tissues were deleted. 

Subcloning of coding regions of GLUT14 protein isoforms  

Individual coding regions were subcloned after PCR amplification with Phusion® High-Fidelity 

DNA Polymerase (New England Biolabs, Ipswich, MA) as previously described (Amir 

Shaghaghi, Murph, et al., 2016, Amir Shaghaghi, Yurkova, et al., 2013). Briefly, amplification 

conditions and primers can be found in Supplemental Information Table 2 and 3. Amplicons 

were tagged with the Gateway flanking sites to allow subcloning using the Gateway (Thermo 

Fisher Scientific, Waltham, Massachusetts) system. Ultimately, individual coding regions were 

tagged or transferred into expression plasmids optimized for fluorescent imaging, using existing 

lab protocols (Amir Shaghaghi, Murph, et al., 2016, Amir Shaghaghi, Yurkova, et al., 2013, 

Corpe, Eck, et al., 2013, M, H, et al., 2017). The list of destination vectors used for the individual 

coding regions can be found in Supplemental Information Table 4.  

Molecular imaging  

Transgenic constructs encoding fluorescent tagged proteins were transfected into CaCo2 cells 

using PolyJet™ In Vitro DNA Transfection Reagent (SignaGen, Rockville, Maryland). Upon 

detection of fluorescence life cells were imaged using a Zeiss AxioVert 5 (Carl Zeiss, Jena, 

Germany) in the 24 well cell culture plate, as described before (Amir Shaghaghi, Yurkova, et al., 

2013). Images were processed using Zeiss Axiovert Software (Carl Zeiss, Jena, Germany).  

RESULTS 

The SLC2A14 locus and alternatively spliced transcripts and protein isoforms  

https://www.ebi.ac.uk/Tools/msa/clustalo/
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The reanalysis of publicly available transcripts confirms the information previously reported for 

the size of the SCL2A14 locus, containing 20 exons (Figure 1A). However, seven differentially 

spiced transcripts were identified (Figure 1B). All but one is currently recognized and assigned a 

reference transcript ID. The EST DA225116 represents a differentially spliced full length 

transcript not identified as a reference transcript.  

A total of five protein isoforms are encoded, of which one (isoform E, encoded by EST DA225116) 

is currently not identified in public databases and therefore has no refence protein ID (Figure 1).  

Protein isoforms  

Clustal Alignments of the five GLUT14 protein isoforms illustrates variability of the N-terminal 

regions, but no discrepancies in all lateral sequences (Figure 2). GLUT14 C misses at least 100 

amino acids compared to other isoforms, which show only slight distinctions of the N-terminus.   

Panel A 
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Panel B 

Figure 1A and B: SLC2A14 genomic organization and the complement of differentially spliced 

transcripts. Panel A depict the architecture of the 20 exons utilized. Panel B illustrates the 

utilization of individual exons; exons containing the translational start site are marked in black.   
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Figure 2: Clustal Alignments of the five GLUT14 protein isoforms indicates variations in the N-

terminal region (https://www.ebi.ac.uk/Tools/msa/clustalo/)  
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Tissues expression   

A total of 61 tissues were identified expressing various levels of SLC2A14 (Table 1). Testis still 

stands as the tissue with the highest abundance, while skin, skeletal muscle, ovary, colon, and bone 

marrow also showed sizeable expression. Thirty-three tissues do not express SLC2A14 while five 

tissues within the interrogated databases were not tested (Supplemental Information Table 5).   

Table 1: List of tissues expressing SLC2A14.  

Expression (61 tissues) No Expression (33 Tissues) Untested 

Experiment 

(5 Tissues) 

Testis- Spinal cord- Adrenal gland- 

Ovary- Pons- Choroid plexus- 

Medulla oblongata- Bone marrow- 

Cerebellum- Blood- Kidney- 

Pancreas- Gall bladder- Bladder- 

Tibial Nerve-Spleen - Small intestine- 

superior temporal gyrus- entorhinal 

cortex- pituitary gland- B cell - CD4-

positive T cell- 

Placenta- appendix- liver- lymph 

node- brain- lung- esophagus- 

duodenum- heart - prostate- thyroid 

gland- endometrium- colon- adipose 

tissue- stomach- skin - salivary gland - 

breast- eye- rectum- skeletal muscle 

tissue-  

Uterus- vagina- fallopian tube- - 

artery- Basal ganglia- hypothalamus- 

White matter- amygdala- retina- 

gallbladder- epididymis- seminal- 

smooth muscle- tonsil- thymus- 

sputum_ trachea_ white blood cells 

hippocampus--  dorsal thalamus-  

dura mater-  globus pallidus-  locus 

ceruleus-  middle frontal gyrus-  

middle temporal gyrus-  mitral 

valve-  olfactory apparatus-  parietal 

lobe-  parotid gland-  penis-  pineal 

body-  pulmonary valve-  

submandibular gland-  tongue-  

tricuspid valve -  vas deferens-  

basal ganglion -  frontal lobe-  

caudate nucleus- putamen-  

substantia nigra-  large intestine- 

prostate gland-  aorta-  atrium 

auricular region-  cerebellar 

hemisphere-  esophagogastric 

junction -  greater omentum-  

hippocampus proper - saliva-

secreting gland-  Parathyroid gland 

visual cortex - 

CD8-positive 

T cell- 

monocyte- 

natural killer 

cell- platelet 

 

 

Subcellular localization    

Targeting to the plasmalemma membrane could be confirmed for GLUT14 isoforms A and B, as 

previously reported (Amir Shaghaghi, Murph, et al., 2016) (Figure 3). Similar imaging was 

obtained for isoforms C, D, E, confirming targeting to the plasmalemma membrane (Figure 3).   
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Figure 3: Fluorescent imaging of GLUT 14 isoforms in CaCo2 cells. Arrows indicate membrane 

extension positive for GLUT14 signals.   

Discussion: 

Revisiting the SLC2A14 genomic locus led to the identification of three differentially spliced 

transcripts of which no published record existed (compare to: Wu and Freeze, 2002, Amir 

Shaghaghi, Murphy, et al., 2016). Two of these are currently listed as reference transcripts in gene 

bank (NCBI #: NM001286236 and NM001286237), one is completely novel (encoded by EST# 

DA225116, NCBI). The fact that the genome browsers failed to identify exons 1-3, covered by 

EST# DA225116 is likely owed to a very low abundancy/transcript coverage; only a total of three 

ESTs cover these exons (DA225116, DB466301, DB469509). However, DA225116 is a full-

length transcript covering the entirety of the SLC2A14 locus. Transcript abundance greatly 

increases upon the utilization of exon 4, which represents the transcriptional start site of 31 

transcripts, represented by reference-RNA NM001286237. Transcript abundance further increases 

from exon 5 onwards, which is covered by 58 transcripts and indicates a strong transcriptional start 

point; it is represented by ref-RNA 153449. The last alternative transcriptional start site in exon 

10 is represented by 30 transcripts. Wu and Freeze (2002) proposed that SLC2A14 is a simple copy 
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of the SLC2A3 gene; however, the emerging complexity in SLC2A14’s exon utilization indicates 

a more intricate evolution, which warrants further cross comparison.   

In addition to the two previously described GLUT14 protein isoforms (named A and B in NCBI 

gene bank, or correspondent long and short [compare: Wu and Freeze, 2002, Amir Shaghaghi, 

Murphy, et al., 2016]). Three additional isoforms are described here; NCBI gene bank lists 

isoforms C (NP_001273165.1) and D (NP_001273166.1), however, does not recognize isoform E 

as a reference protein, yet.  The protein isoforms show no discrepancies beyond the N-terminal 

amino acids and therefore are likely performing the same biological functions. All GLUT14 

protein isoforms locate to the plasmalemma membrane, and therefore have the potential to function 

as glucose and dehydroascorbic acid transporters, as described for isoforms A and B (Amir 

Shaghaghi, Zhouyao, et al., 2017). However, GLUT14 C is the most distinct isoform, lacking a 

minimum of 100 N-terminal amino acids compared to the other. The elimination of such a 

significant portion of the protein might render it non-functional.  

SLC2A14 expression is more widespread than previously reported, with 61 tissues showing 

specific RNA signals. However, it is still a spatially restricted gene expression profile, specifically 

when considering that the abundance in most tissues is low or very low.  

 

Conclusions 

This report significantly enhances the literature record on SLC2A14’s core biology, annotating five 

additional splice variants, three additional protein isoforms locating to the plasma membrane, and 

defining the very confined spatial gene expression. It serves as a refence to determine the biology 

of disease associations.  
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Supplemental Information 

Supplemental Information Table 1: list of depositories or databases utilised as sources to 

determine the complement of SLC2A14 expression in tissues.  

 

Sources:  

_(http://uswest.ensembl.org/Homo_sapiens/Gene/ExpressionAtlas?g=ENSG00000173262;r=12:

7812512-7891148) 

_(https://www.ebi.ac.uk/gxa/genes/ENSG00000173262?bs=%7B%22homo%20sapiens%22%3A

%5B%22ORGANISM_PART%22%5D%7D&ds=%7B%22kingdom%22%3A%5B%22animals

%22%5D%7D#baseline) 

 

http://uswest.ensembl.org/Homo_sapiens/Gene/ExpressionAtlas?g=ENSG00000173262;r=12:7812512-7891148
http://uswest.ensembl.org/Homo_sapiens/Gene/ExpressionAtlas?g=ENSG00000173262;r=12:7812512-7891148
https://www.ebi.ac.uk/gxa/genes/ENSG00000173262?bs=%7B%22homo%20sapiens%22%3A%5B%22ORGANISM_PART%22%5D%7D&ds=%7B%22kingdom%22%3A%5B%22animals%22%5D%7D#baseline
https://www.ebi.ac.uk/gxa/genes/ENSG00000173262?bs=%7B%22homo%20sapiens%22%3A%5B%22ORGANISM_PART%22%5D%7D&ds=%7B%22kingdom%22%3A%5B%22animals%22%5D%7D#baseline
https://www.ebi.ac.uk/gxa/genes/ENSG00000173262?bs=%7B%22homo%20sapiens%22%3A%5B%22ORGANISM_PART%22%5D%7D&ds=%7B%22kingdom%22%3A%5B%22animals%22%5D%7D#baseline
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Supplemental Information Table 2: Amplification conditions for PhusionTM 

 

Thermocycling conditions for a routine PCR at 65°C for all GLUT14 isoforms 

 

 

Supplemental Information Table 3: Primers utilised for the amplification of the transcripts 

encoding the GLUT14 isoforms coding regions:  

Primer name Sequence 

SLC2A14 isfA F1 

GTW 

GGGGACAAGTTTGTACAAAAAAGCAGGCTACCATGGAGTTTC

ACAATGGTGGCC 

SLC2A14 isfB F1 

GTW 

GGGGACAAGTTTGTACAAAAAAGCAGGCTACCATGGACAACA

GACAGAATGTC 

SLC2A14 isfC F1 

GTW 

GGGGACAAGTTTGTACAAAAAAGCAGGCTACCATGCTCCTGA

GACGGCGCAATT 

SLC2A14 isfD F1 

GTW 

GGGGACAAGTTTGTACAAAAAAGCAGGCTACCATGCAAAGAC

TCCAACTGTTG 

SLC2A14 isfE F1 

GTW 

GGGGACAAGTTTGTACAAAAAAGCAGGCTACCATGGATGGTT

TTCTTCAGGCCC 
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SLC2A14 isf  R1 

GTW 

GGGGACCACTTTGTACAAGAAAGCTGGGTCTTAGACATTGGTG

GTGGTCTCC 

 

Supplemental Information Table 4:  Gateway destination vectors utilised for GLUT 14 

isoforms.  

 

 

Supplemental Information Table 5: tissues expressing SLC2A14  

Expression (61 tissues) No Expression (33 Tissues) NA Experiment 

(5 Tissues) 

Testis- Spinal cord- Adrenal gland- 

Ovary- Pons- Choroid plexus- 

Medulla oblongata- Bone marrow- 

Cerebellum- Blood- Kidney- 

Pancreas- Gall bladder- Bladder- 

Tibial Nerve-Spleen - Small intestine- 

superior temporal gyrus- entorhinal 

cortex- pituitary gland- B cell - CD4-

positive T cell- 

Placenta- appendix- liver- lymph 

node- brain- lung- esophagus- 

duodenum- heart - prostate- thyroid 

gland- endometrium- colon- adipose 

tissue- stomach- skin - salivary gland - 

breast- eye- rectum- skeletal muscle 

tissue-  

Uterus- vagina- fallopian tube- - 

artery- Basal ganglia- hypothalamus- 

White matter- amygdala- retina- 

gallbladder- epididymis- seminal- 

smooth muscle- tonsil- thymus- 

sputum_ trachea_ white blood cells 

hippocampus--  dorsal thalamus-  

dura mater-  globus pallidus-  locus 

ceruleus-  middle frontal gyrus-  

middle temporal gyrus-  mitral 

valve-  olfactory apparatus-  parietal 

lobe-  parotid gland-  penis-  pineal 

body-  pulmonary valve-  

submandibular gland-  tongue-  

tricuspid valve -  vas deferens-  

basal ganglion -  frontal lobe-  

caudate nucleus- putamen-  

substantia nigra-  large intestine- 

prostate gland-  aorta-  atrium 

auricular region-  cerebellar 

hemisphere-  esophagogastric 

junction -  greater omentum-  

hippocampus proper - saliva-

secreting gland-  Parathyroid gland 

visual cortex - 

CD8-positive T 

cell- monocyte- 

natural killer cell- 

platelet 
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Transition Statement to Manuscript 2 

Manuscript 2 adresses the fact that by sequence similarities to other members of the GLUT 

family GLUT14 is predicted to be a multispecific solute carrier. For GLUT14 isoform A, a 

spectrum of substrates is tested through cmpetitive inhibition. The substrate kinetics for the 

transport of 2-deoxy-D-glucose is determined for GLUT14 isoform A.  
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CHAPTER 3 

Manuscript 2 

Designed as a short report to one of the NRC journals 

SLC2A14/GLUT14 isoform A: Spectrum of 

substrates and glucose uptake kinetics 
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Abstract 

GLUT3 meditates the facilitated transmembrane diffusion of the hexose/hexose like substrates 

D-glucose, D-galactose, D-mannose, D-xylose and D-fucose, L-arabinose and D-lyxose. Based 

on the high homology between GLUT3 and GLUT14, it can be extrapolated that GLUT14 will 

also be a multi-specific solute carrier. The substrate specificity of GLUT14 was determined by 

competitive inhibition of hexose sugars while GLUT14 kinetics for 2-deoxyglucose uptake were 

determined in Xenopus laevis oocytes. In this recored,we indicate a function of GLUT14 isoform 

A as multi-specific solute carrier as well as its kenitics. We also show that both GLUT3 and 

GLUT14 isoform A are not only share 94.5% amino acid similarity, but also have similar 

biochemical properties.  

Introduction:  

SLC2A14 encoding for GLUT14 is a novel member of the family of facilitated glucose 

transporter with very recent evolutionary origins (Wu and Freeze, 2002). Two protein isoforms 

are described in the literature, denominated A and B, both confirmed to mediate glucose and 

dehydroascorbic acid transmembrane transport (Amir Shaghaghi et al., 2017, Amir Shaghaghi et 

al., 2016). It has also been suggested that GLUT14 mediates galactose transport; however, these 

studies in glioblastoma only extrapolated on SLC2A14 expression and did not distinguish 

between GLUT14 and other GLUTs contributions (Sharpe, 2021).   

The GLUT14 protein isoform A has a 94.5% amino acid identity with GLUT3, which is encoded 

by the SLC2A3 gene and is the evolutionary parent of the SLC2A14 gene (Wu and Freeze, 2002). 

Based on the high similarities between the GLUT14 isoform A and GLUT3, it could be expected 

that both have an identical or highly similar biochemistry. In contrast to SLC2A14/GLUT14, 

there is a well-established record on SLC2A3/GLUT3 locus, its biology and disease associations.  

GLUT3 was first described in humans in 1988 (Long, 2015) and had been associated with 

Huntington's disease (Covarrubias‐Pinto, 2015), congenital syndromic heart defects (Prakash et 

al. 2016), gastric cancer (Schlößer, 2017), and esophageal adenocarcinoma (Fonteyne, 2009).  
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GLUT3 meditates the facilitated transmembrane diffusion of the hexose/hexose like substrates 

D-glucose, D-galactose, D-mannose, D-xylose and D-fucose, L-arabinose and D-lyxose (Deng, 

2015). It also recognizes various disaccharides, such as maltose and cellobiose (Deng, 2015); 

however, these are likely to bind to the active site but not be translocated.  

In this manuscript we report the spectrum of substrates and some putative inhibitors for GLUT14 

isoform A.  

Material and Methods 

SLC2A14/GLUT14 isoform-A subcloning was conducted as previously described (Amir 

Shaghaghi et al., 2017, Amir Shaghaghi et al., 2016). 

Radiolabeled [14C]Dehydroascorbic acid was prepared from crystalline [14C]Ascorbic acid (6.6 

mCi/mmol, PerkinElmer Life Sciences) (Rumsey, 1997). Radiolabeled Deoxy-D-glucose, 2-[1,2-

3H(N)] (25-50Ci/mmol, PerkinElmer Life Sciences) was adjusted to required concentrations in 

transport buffer. Previously described Xenopus laevis oocyte isolation and injection techniques 

were used to express the GLUT14 isoform-A (Soreq, 1992).    

Transport of radiolabeled substrates was determined using groups of 10–20 oocytes in OR-2 

buffer at 21°C. Individual oocytes were dissolved in 500 μl of 10% SDS, and internalized 

radioactivity was determined using scintillation spectrometry. Transport was analyzed and 

plotted using Microsoft Excel, Student's t test is used to determined statistical differences. Data 

are expressed as the arithmetic mean ± S.D. of 10–20 oocytes analyzed at each data point. 

All data shown are means ± SEM with N=number of oocytes, N=number of replicates. Excel, or 

Graphpad Prism 8 (version 8.4.2, Graphpad Software Inc, CA, USA) was used to determine 

statistic differences through one-way ANOVA analyses.  
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Results  

Determination of GLUT14 Substrates  

The substrate specificity of GLUT14 was determined by competitive inhibition of hexose sugars 

in heavy access (100 mM) on radiolabeled 2-deoxy-glucose uptake in Xenopus laevis oocytes. 

The uptake of radiolabeled traced 2-deoxy-glucose was competitively abolished by the presence 

of glucose, galactose, mannose, xylose and arabinose (Figure 1). Glucosamine inhibited but did 

not abolish the uptake, while fructose and uric acid did not compete with 2-deoxy-glucose uptake 

(Figure 1). In accordance with earlier reports, dehydroascorbic acid was transported by GLUT14 

(Figure 2) (Amir Shaghaghi et al., 2017).  

 

 

Figure 1: Competitive inhibition of the uptake of radiolabeled traced 2-deoxy-glucose by 

monosaccharides or other putative substrates. Relative inhibition in % of the positive control 

(without inhibitor) is depicted as the averages from three independent experiments.  
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Figure 2: Uptake of radiolabeled dehydroascorbic acid mediated by GLUT14 in Xenopus laevis 

oocytes.  

 

Determination of GLUT14 disaccharides recognition   

Amongst disaccharides that might be recognized/bound to GLUT14 substrate binding site, but 

not translocated, maltose showed strong inhibition, while lactose and sucrose moderately 

inhibited radiolabeled traced 2-deoxy-glucose uptake into Xenopus laevis oocytes, while 

raffinose did not inhibit (Figure 3).  
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Figure 3: Competitive inhibition of the uptake of radiolabeled traced 2-deoxy-glucose by 

disaccharides. Relative inhibition in % of the positive control (without inhibitor) is depicted as 

the averages from three independent experiments.  

 

Determination of GLUT14 isoform A kinetics    

GLUT14 kinetics for 2-deoxyglucose (2-DG) uptake were determined in Xenopus laevis oocytes 

(Figure 4). Utilizing Michaelis–Menten analysis for substrate saturation a Km value of 2.5 ± 0.2 

mM and Vmax = 2,523 ± 83 pmol/oocyte/30 min.  
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Figure 4: Kinetic parameters for 2-DG transport mediated by GLUT14 isoform A in Xenopus 

laevis oocytes. The data were fitted using the Michaelis–Menten non-linear fit, yielding a Km = 

2.5 ± 0.2 mM and Vmax = 2,523 ± 83 pmol/oocyte/30 min. 

 

 

Discussion: 

This report substantially expands on the substrate range and kinetics reported for GLUT14 

isoform A. GLUT14 isoform A substrates include galactose, mannose, xylose, arabinose, and 

glucosamine, in addition to the previously reported glucose and dehydroascorbic acid (Amir 

Shaghaghi et al., 2017). This multi-specificity confirms a substrate range like the one reported 

for GLUT3, the closest paralogue (Custódio, 2021).  

The disaccharide maltose, composed of two glucose molecules, was also recognized as a 

GLUT14 isoform A inhibitor. Maltose binding to GLUT3 had been demonstrated and classified 

as exofacial inhibition, where maltose is recognized by the substrate binding site but cannot be 

translocated through the membrane transporter protein (Deng, 2015). Our data indicate identical 

process for GLUT14 isoform A. Moreover, lactose and sucrose inhibit a similar effect to a much 

lesser extend, which is likely related to exofacial inhibition as well.  
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GLUT14 isoform A kinetics data mirror the high sequence identity with GLUT3, as both 

proteins show very similar kinetics. The Km of 2.5 mM and the Vmax of 2.5 µmol/oocyte/30 min 

characterize GLUT14 isoform A in the higher affinity range compared to the other GLUT family 

members, indicated that it could have a significant role in basal hexose transport. This means that 

disease pathologies can now be related to GLUT14 expressions, and individual substrates and 

how they may contribute to the disease outcome can be interrogated.   

Conclusion  

GLUT14 isoform-A has a multi-specific substrate range for hexoses and hexose like substrates, 

similar to GLUT3. Specifically, glucose, galactose, mannose, xylose and arabinose are preferred 

substrates.  GLUT14 isoform-A has a high affinity to glucose and may therefore contribute to the 

basal transport in cell types where it is adequately expressed.   
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Transition Statement to Manuscript 3 

A previous study confirmed that individual SLC2A14 single nucleotide polymorphisms had been 

associated with inflammatory bowel diseases (Shaghaghi, Zhouyao, et al., 2017). In manuscript 

3, publicly available sources were utilized to identify expressing various levels of SLC2A14 and 

to understand the correlation between intestinal cell types and SLC2A14 in the pathophysiology 

of inflammatory bowel diseases.   
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CHAPTER 4 

Manuscript 3 

Intended as a short report to an immune focused journal.  

Single Cell Transcriptomics Narrows SLC2A14’s Role 

in Intestinal Immunity 
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Abstract 

A previous study confirmed that individual SLC2A14 single nucleotide polymorphisms (SNPs) 

had been associated with inflammatory bowel diseases (Shaghaghi, Zhouyao, et al., 2017). It was 

speculated that the disease-causing mechanisms were related to the weakening of the intestinal 

integrity or decreased intestinal immunity. In this report, we determine SLC2A14 expression in 

intestinal cell types to investigate its role in the pathophysiology of inflammatory bowel diseases 

by using the data from The Human Protein Atlas project. 

Introduction 

The SLC2A14 gene encodes GLUT14, a putative multi-specific solute carrier. To date, it is 

confirmed to mediate the facilitative transmembrane diffusion of glucose and dehydroascorbic 

acid (Amir Shaghaghi, Zhouyao, et al., 2017).   

Three alleles in the SLC2A14 gene had been independently associated with two phenotypes of 

Inflammatory Bowel Disease (IBD) (Amir Shaghaghi, Zhouyao, et al., 2017). More specifically, 

the risk for ulcerative colitis (UC) and Crohn’s disease (CD) were elevated in carriers of the 

SLC2A14 SNP rs2889504-T allele by 2.6- and 3.6-fold, respectively. Independently, the SNP 

rs10846086-G allele associated with an approximately 2-fold increased risk for ulcerative colitis 

as well as Crohn’s disease. In a third independent association, susceptibility to Crohn’s disease 

was elevated by 1.2-fold for ulcerative colitis and by 0.6-fold for Crohn’s disease (Amir 

Shaghaghi, Zhouyao, et al., 2017). It was speculated that the disease-causing mechanisms were 

related to the weakening of the intestinal integrity or decreased intestinal immunity (Amir 

Shaghaghi, Zhouyao, et al., 2017). However, there are no records available which attempted to 

resolve if the putative mechanisms relate to the integrity of the intestinal mucosa or immunity.     

Intestinal integrity is maintained through the strength of the structure of the barrier enterocyte 

layer and specific intestinal immunity mediated by resident Paneth cells and blood derived 

immune cells (Vancamelbeke, 2017).  

SLC2A14 tissue expression had been reported for all parts of the gastrointestinal tract involved in 

Inflammatory Bowel Diseases (Amir Shaghaghi, Murphy, et al., 2016); however, it had not been 
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reported in which cell-types the expression resides. Recent advances in high throughput single 

cell RNA sequencing technology and the deposition of these data in public databases enable the 

accurate identification of cell identities and expression of individual genes (Mereu et al. 2020). 

For this report, public resources were utilized to determine SLC2A14 expression in intestinal cell 

types to extrapolate on its role in the pathophysiology of inflammatory bowel diseases.   

Material and Methods 

Bioinformatics 

We obtained the information from The Human Protein Atlas 

(https://www.proteinatlas.org/ENSG00000173262-SLC2A14/single+cell+type). Single cell 

transcriptomics data for 25 tissues and peripheral blood mononuclear cells (PBMCs) were 

analyzed based on meta-analysis of literature on single cell RNA sequencing and single cell 

databases that include healthy human tissue. All data was sourced from Genotype-Tissue 

Expression (GTEx) bulk RNAseq data which was used to profile gene cell type specificity. Our 

inclusion criteria were SLC2A14 expression in intestinal cell types and blood derived immune 

cells. We determined the required information and then transferred the data manually to 

Microsoft Excel while the figures were modified by Microsoft PowerPoint.  

 

Results  

In the small intestine, SLC2A14 was almost solely expressed in the Paneth cells (6 nTPM), 

besides an extremely low signal in enterocytes (0.1 nTPM) (Figure 1). No expression was 

detected in undifferentiated cells and goblet cells.  

In the colon, a similar pattern emerged, where Paneth cells express approximately 6 nTPM 

SLC2A14 compared to approximately 1 nTPM in enterocytes. Significantly, Granulocytes 

express about 9 nTPM SLC2A14 (Figure 2). Again, no expression was detected in 

undifferentiated cells and goblet cells. Moreover, B-cells and T-cells showed no expression, as 

well as enteroendocrine cells.  

Expression in the rectum mirrors the other two intestinal segments, with the highest SLC2A14 

expression in the Paneth cells (3 nTPM) (Figure 3). Undifferentiated cells (~0.4 nTPM) and 



39 
 

goblet cells (~0.1 nTPM) had only residual signals. However, in contrast to the other two 

intestinal sections, where expression was extremely low, no signal was detected in enterocytes.  

 

 

Figure 1: SLC2A14 expression in cell types of the small intestine.  

 

 

Figure 2: SLC2A14 expression in cell types of the colon.  
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Figure 3: SLC2A14 expression in cell types of the rectum.  

 

Highest SLC2A14 expression in colon granulocytes indicate an involvement of blood derived 

immune cells. The term granulocytes do not define a cell type, but is includes the immune cells 

neutrophils, eosinophils, and basophils (Todd, 2021). Therefore, info on SLC2A14 expression in 

blood derived immune cells was analyzed. Amongst blood derived immune cells, basophiles (3.7 

nTPM) and neutrophiles (3.4 nTPM) express highest SLC2A14 levels, whilst eosinophiles (1 

nTPM) and others express less than 1 nTPM (Figure 4).   
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Figure 4: SLC2A14 expression in blood derived immune cells.  

 

Discussion: 

The evidence presented informs on the potential mechanism of SLC2A14’s genetic associations 

with inflammatory bowel diseases. The SLC2A14 gene expression in intestinal tissue is mainly 

confined to Paneth cells as well as neutrophiles, eosinophiles and basophiles, all mediating an 

innate immune response. This strongly implies that potential disease mechanism would be 

mediated through a dysregulated immune response rather than weakened mechanical barrier 

functions. This adds to the hypothesis that a dysregulated immune response against the intestinal 

microbiome is now believed to be a key driver of inflammation (Sartor, 2017). 

Paneth cells predominantly locate in the small intestine, but can also be induced by inflammation 

in the colon. They secrete antimicrobial peptides, most prominently the antibacterial α-defensins, 

human defensin 5 (HD5) (Jones, 1992) and, human defensin 6 (HD6) (Wehkamp, 2006), and 

lysozyme (Deckx, 1967). Therefore, Paneth cells are the basis of an antibacterial chemical 

barrier and any defect in Paneth cell function may compromise mucosal integrity (Wehkamp, 

2020). Due to the high abundance of Paneth cells in the lateral small intestine some authors 

coined the term ileal Crohn's disease as “Paneth's disease” (Wehkamp 2010).  
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The human defensin 5 controls the constitution of the commensal microbiome as a direct 

antibacterial (Salzman, 2010), demonstrated in “knock-in” mice (Salzman, 2003); therefore, it 

seems to have the dual role of controlling the commensal microbiome and protecting from 

invaders.  

Impaired Paneth cell function with diminished human defensing 5 and 6 levels were reported 

from Crohn’s disease patients (Wehkamp, 2004; Wehkamp, 2005). This was attributed to 

impaired intracellular recognition of bacteria via NOD2, a gene also associated with Crohn’s 

disease (Hugot, 2001; Ogura, 2001). Environmental factors, such as smoking, antibiotic exposure 

and vitamin D deficiency also negatively impact Paneth cells functioning (Piovani, 2019) and are 

known risk factors for Crohn’s disease. Hence, multiple lines of evidence seem to support a role 

of decrease Paneth cells immune functioning in some forms of inflammatory bowel disease, 

specifically with ileal involvement.  

Neutrophils constitute up to 70% of all white blood cells in humans (Actor, 2011) and are 

quickly recruited to sites of injury where they are involved in acute inflammation 

(Rosales, 2018). Like Paneth cells, neutrophils release soluble anti-microbials, amongst them 

various types of alpha-defensins, specifically human neutrophile peptide 1-4. In addition, they 

phagocyte pathogens and generate neutrophil extracellular traps to neutralize a microbial 

challenge (Hickey, 2009), and form reactive oxygen species and other toxic molecules. The 

primary function of neutrophils in the gut is to kill luminal microbes that translocate across the 

epithelium and invade the mucosa. Significantly, in chronic granulomatous disease their function 

is impaired and patients develop bowel inflammation identical to Crohn’s disease (Levine, 

2013).  

Basophils represent about 0.5% to 1% of circulating white blood cells (Mukai, 2013). They are 

multifunctional and involved in many stages of inflammatory reactions. Basophils produce the 

anticoagulant heparin (Guyton, 2006), as well as the vasodilator histamine, and could play a role 

in the regulation of T-cells (Nakanishi, 2010). Upon activation, they release proteolytic enzymes 

(Janeway Jr, 2001). Most significantly, basophils are innate effector cells of allergen-induced 

IgE-dependent allergic diseases (Sarfati, 2015). Basophils accumulate in inflamed masses, both 

IgE-dependent and IgE-independent, where they augment memory T cells effector responses.  
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Increased numbers of basophils are observed in blood of patients with chronic inflammatory 

bowel diseases, both Crohn’s disease and ulcerative colitis (Sarfati, 2015; Chapuy, 2014). 

Concordantly, increased basophils are noticed in the inflamed relative to the non-inflamed 

colonic mucosa, while none can be detected in in the intestinal mucosa of healthy individuals. 

This suggests that they contribute to disease pathogenesis via the regulation of T cell responses 

(Chapuy, 2014). 

Eosinophils are multifunctional producing cytotoxic proteins, regulatory cytokines and 

chemokines. They primarily reside in the gut where they are integral to gut-associated immunity 

(Loktionov, 2019). In intestinal immunity, they modulate neutrophil influx to the lamina propria 

followed by transepithelial migration to colorectal mucus. In addition to being an element of the 

innate immunity, eosinophils modulate complex immune responses at the surface of the 

gastrointestinal tract (Lee, 2010). Eosinophils cooperate with the colonic epithelium to produce a 

range of neutrophil chemo-attractants (Dent, 2014). 

Increased eosinophiles’ abundance in the gut mucosa correlates with disease severity in UC and 

some CD cases (Loktionov, 2019). During disease remission activated eosinophils persist in the 

lamina propria of UC, but not CD patients. 

IBD pathogenesis is multifactorial, but the dysregulation of the innate immune system is proven 

to be involved (Kaser, 2010). SLC2A14 expression is found in the major cell types constituting 

the intestinal mucosal innate immune system, but not in the enterocyte monolayer forming the 

physical barrier. This evidence suggests that SLC2A14 disease association is mediated through 

immune response modulation, specifically in the innate effector cells.  

GLUT14 mediates glucose as well as dehydroascorbate uptake, and both of these substrates play 

a role in the homeostasis and viability of innate immune cells.  

The glucose metabolism is a key component in the metabolic shift that follows the sensing of 

microbial ligands to initiate the antimicrobial activity of innate immune cells (Tucey, 2018). This 

upregulation of glycolysis delivers energy to support the antimicrobial action (Freemerman, 

2014). Compounds that reduce glucose availability (e.g., 2-deoxyglucose) or inhibit the 

metabolic shift to high glycolysis (e.g., inhibitors of the target of rapamycin pathway, or the 

antidiabetic drug metformin) diminish the immune response by reducing the production of 
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antimicrobial agents (Cheng, 2016; Gleeson, 2016; Lachmandas, 2016; Tannahill, 2013; 

Wickersham, 2017). Moreover, the upregulation of glycolytic enzymes controls the upregulation 

of antimicrobial cytokines and peptides (Millet, 2016; Palsson-McDermott, 2015). The specific 

impact of GLUT14 on these pathways in intestinal innate immune cells had not been studied and 

remains to be determined in the search for future therapeutic interventions for individuals of 

specific SLC2A14 genotypes associated with intestinal inflammation.   

Dehydroascorbic metabolism plays a specific role in the so-called oxidative burst of immune 

cells, mainly exhibited by neutrophiles. During the oxidative burst reactive oxygen species are 

produced and released or used to directly harm extracellular or invading microbes (Mills, 2016). 

The importance of the oxidative burst is demonstrated in Chronic Granulomatous Disease which 

is characterized by abolished oxidative burst in neutrophils resulting in severely delayed 

clearance of bacterial infections (Fernandez, 2021). During the oxidative burst, extracellular 

ascorbic acid is oxidized and converted into dehydroascorbic acid, which is a GLUT14 substrate. 

In a process termed “ascorbic acid recycling” large quantities of dehydroascorbic acid are 

transported into the neutrophil, which leads to a up to 20 fold increased intracellular ascorbic 

acid, an important antioxidant (Washko,1993).  

The increased antioxidant capacity might contribute to the neutrophil’s protection against its own 

oxidative burst and prolonged survivability or enhanced functioning (Parker, 2011).  

Neutrophils from scorbutic animals had decreased chemotaxis, phagocytosis, oxidant production 

and microbial killing, compared with controls; normal activity was restored upon ascorbic acid 

supplementation (Shilotri, 1977; Shilotri, et al., 1977; Goldschmidt, 1991). Moreover, vitamin C 

decreases the development of Neutrophils Extracellular Traps in septic Gulo knockout mice and 

in stimulated human neutrophils Vitamin C: a novel regulator of neutrophil extracellular trap 

formation (Mohammed, 2013). In addition, in stimulated neutrophiles the formation of 

Neutrophils Extracellular Traps was decreased (Bozonet, 2019). Although neutrophils 

extracellular traps immobilize pathogens, it had been postulated that they are inflammatory, 

damaging host tissues and resulting in various pathologies (Czaikoski, 2016).  

After vitamin C repletion, enhanced chemotaxis and oxidant production was observed in 

neutrophiles from vitamin C depleted humans (Bozonet, 2015). However, this was not observed 

for neutrophiles from humans of adequate vitamin C status (Bozonet, 2019).  
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In regard to the potential protection for surrounding host tissues from the oxidative burst, in 

isolated phagocytes ascorbate had a dual role, by enhancing intracellular oxidant generation, but 

scavenging extracellular oxidants (Anderson, 1987).  

Conclusion  

Expression data indicate a role of intestinal cells mediating innate immunity in the previously 

reported association of intestinal inflammation with genetic variations in the SLC2A14 gene. 

Such comprehensive insight is essential and gives a new understanding for glucose and 

dehydroascorbic acid pathophysiology in IBD. 
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CHAPTER 5 

 

Overall Conclusion  

Summary and Implications 

The present studies provide novel information about GLUT 14 protein isoforms. To date, all 

published records identified two alternatively spliced variants, resulting in two protein isoforms. 

However, here we identify four GLUT14 protein isoforms which are called isoform A, B, C, and 

D from the NCBI dataset while the fifth one which is isoform E is not assigned in NCBI yet. 

Moreover, we indicate that all protein isoforms locate in the plasmalemma membrane. After the 

reanalysis of publicly available transcripts, the information prior reported was confirmed for the 

size of the SCL2A14 locus, containing 20 exons. 

Although both GLUT3 and GLUT14 isoform A show high similarities in the functional 

properties, each GLUT has specific functions in the tissues in which they are expressed because 

of its special physiological and biochemical properties (Simmons, 2017). More comparison is 

needed about the role of GLUT14 and GLUT3 to be more understandable. 

Previous study illustrated the expression of SLC2A14 is observed in 10 extra-testicular tissues 

(Amir Shaghaghi, M., 2016). However, we indicate SLC2A14 expression is more widespread 

than previously reported with 61 tissues due to the availability of additional RNA-Sequencing 

data. Mapping out the gene expression is major importance for understanding the functional 

differences between tissues as well as their development and differentiation (Santos, 2015).  

Furthermore, for the first time, we explain the underlying mechanism of association between 

intestinal cells mediating innate immunity and intestinal inflammation with genetic variations in 

the SLC2A14 gene. This increases the possibility that SLC2A14 could be treated as target in some 

diseases. 

As known, each protein isoform encoded by the same gene can play very different roles in the 

cell (Andreadis, 1987). Thus, an understanding of their regulatory properties that are directly 

related to their distinct physiological roles will facilitate an understanding of glucose metabolism 

and other substrate which are not fully illustrated. Less is still known regarding the biology role 

of the GLUT14 protein isoforms and their differences in human body. 
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