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ABSTRACT

In the human body, glucose acts as a major energy-producing fuel and regulator of energy homeostasis, enzyme
functions, and gene transcription. The selective permeability of the lipid bilayer structure of the cell membrane
makes it mandatory for glucose to require transport proteins for its transit into the cells. These include solute
carrier integral membrane proteins such as glucose transporters (GLUTs) and sodium-glucose transporters.
GLUTs belong to the major facilitator superfamily with a 12 transmembrane spanner topology, with GLUT1-13
sharing the same transmembrane sequence but variable transmembrane loops and terminal cytoplasmic ends of
carbon and nitrogen. Phylogenetic analysis classifies GLUTs into three classes, with each class showing an affinity
for a specific substrate. The tightly coupled relationship between glucose homeostasis and the nearly ubiquitous
GLUTs has led to the investigation of their diverse roles in embryonic development, adult physiology, and clinical
disorders including but not limited to inborn errors, diabetes mellitus, metabolic syndrome, and cancers. The
current review is pivoted around the studies focusing on the structure and functions of members of the GLUT
family, their chromosomal and organ-specific distribution, as well as the current evidence of their clinical
implications and prospective therapeutic roles, specifically in cancers and metabolic disorders. The literature for
the present work was retrieved from databases including Google Scholar, Web of Science, and PubMed.
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INTRODUCTION

Glucose serves as a major source of energy for most of the mammalian cells. It is produced as a
result of carbon assimilation by the photosynthetic organisms such asplants, Algae, bacteria, and
Euglena.It plays a major role in various catabolic and anabolic chemical reactions carried out in
the human body. It also acts as a substrate for the synthesis of other biochemical molecules and as
a cell signaling molecule to maintain energy homeostasis. Glucose also acts as a major regulator
of gene transcription, enzyme activity, hormone secretion, and glucoregulatory neurons. Humans
consume carbohydrates containing glucose in monomers, dimers, oligomers, and polymers such
as sucrose, lactose, starch, and cellulose. In humans, the brain constitutes only ~2% of total body
weight but uses ~20% of energy derived from glucose; thus, it is the major utilizer of glucose
(~5.6 mg glucose/100 g human brain tissue/min).!"

Glucose itself is strongly hydrophilic, but given the nature of the phospholipid bilayer, it
requires certain solute carrier (SLC) transport proteins to facilitate its transport along or against
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a concentration gradient without the expenditure of any
adenosine triphosphate (ATP). SLC membrane transport
proteins are integral proteins present on the cell surface and
organelle membranes and include facilitative transporters
and secondary active transporters.”

MAIN TYPES OF TRANSPORTERS

In the human genome, three families of SLC membrane transport
proteins have been identified: SLC2, SLC5, and SLC50.*! SLC2.
They are commonly known as glucose transporters (GLUTSs),
and consist of three classes. They have a ubiquitous distribution
found in almost all the cells of the body to facilitate the transport
of glucose into the cell through facilitated diffusion. SLC5 or
sodium-glucose transporters (SGLTs) found predominantly in
the apical membrane of intestinal epithelium (SGLT1) and renal
tubular cells (SGLT2) work by actively cotransporting glucose
against its concentration gradient using sodium motive force
generated by the electrochemical gradient of sodium.**! SLC50
or Sugars Will Eventually be Exported Transporters (SWEET)
are newly discovered transporters found widely in plants and
play a physiological role in facilitating the transport of sugars
across cell membranes along a concentration gradient.!

GLUTs

The family includes facilitative GLUTs that typically carry
various hydrophilic hexose molecules across the hydrophobic
cell membranes in a tissue and substrate-specific manner,
along the concentration gradient. GLUTs are categorized
into three subfamilies based on sequence similarities,
characteristic elements, and functional properties.”

Structure

A detailed search of the GenBank database showed that all
GLUTs involved in the facilitated diffusion of glucose are
distributed in various tissues in humans.!®! They belong to the
major facilitator superfamily (MFS) and display the distinct
tertiary structure of the MFS 12 transmembrane spanner
(TMS) topology.”! A comparison of sequences among all 13
members elucidated that the sequence was preserved in the
TM region whereas showed more variation in the TM loops
and the terminal ends of carbon and nitrogen present on the
cytoplasmic side of the plasma membrane.”

Among various GLUTs that have been identified, GLUT1 was
the first GLUT whose isomer was isolated and cloned from
bacterial homolog!'"! of D-Xylose: H* known as XylE symporter.
This was obtained from Escherichia coli sharing 29% sequence
identity and 49% sequence similarity with GLUT1."2

Based on similarities in the sequence obtained from
phylogenetic analysis,™) GLUTs have been classified into
three classes [Figure 1].01%

CLASS 1

CLASS 3

CLASS 2

Figure 1: Phylogenetic dendrogram of glucose transporters
(GLUTs) on the basis of similarities in their sequence modified
from the image initially published by Wood and Trayhurn in GLUTs
(GLUT and sodium-glucose transporters): Expanded families of
sugar transport proteins in the British Journal of Nutrition. The blue
colored boxes depict GLUT Class 1, the Purple color shows Class 2
and Green color shows Class 3.

Class 1 (GLUT1-4)

The structure of the isoforms of class 1 GLUTs has been
identified using the hydropathy model, an analyzing
technique wherein the structure of proteins is studied
based on its interaction with the water molecules.” This
model depicted that all the isoforms share the same 12 TMS
polypeptide backbone with variations in —-NH, and ~-COOH
side chains, making the isoforms distinct from one another.
The first two transmembrane segments are connected by an
extracellular loop of 33, 37, and 67 amino acids for GLUT1
and 3, GLUT4, and GLUT?2, respectively. The sixth and
seventh segments are connected by an intracellular loop
comprising 65 amino acids on the cytoplasmic side of the
lipid bilayer. The sequence of these transmembrane segments
and the connecting intracellular loops are the most conserved
regions in all the isoforms of this class of GLUT and, hence,
may promote a common function of facilitative glucose
transportation."” The less conserved regions of -NH2 and —
COOH might be attributed to specific characteristics of each
isoform such as hormonal responsivity and upregulation in
response to specific stimulus.!'” Glutamine and Tryptophan
in transmembrane 5 and STSIF motif in loop 7 are two of the
few classes of specific residue. A quasielastic light scattering
(QLS) motif depicting glucose specificity in TM 7 is also a
distinct feature of GLUT1, 3, and 4.1
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Class 2 (GLUT 5, 7, 9, and 11)

Class 2 has more substrate specificity for fructose and to
a lesser extent for glucose. This class is deprived of the
tryptophan residue post-GPXXXP motif on TM10 with
the absence of the QLS motif as well."™ A major feature
that distinguishes class 1 from class 2 is that the latter has a
solitary hydrophobic isoleucine residue on TM 7 providing
substrate specificity for fructose, except for GLUT11 which
has a valine instead of isoleucine but at a different primary
sequence. This property allows it to transport both glucose
and fructose.” Genome-wide association studies have also
identified GLUT9 as a high-capacity urate transporter.?!

Class 3 (GLUT 6, 8, 10, 12, and 13)

This class of facilitative transporters consists of GLUT 6, 8,
10, 12, and 13, also known as H*-myo-inositol transporter
(HMIT), ascribed to its proton-coupled function. The
main characteristic feature of this class is the presence of a
glycosylation site on loop 9 (between TM 9 and 10) instead
of loop 1 (between TM 1 and 2) as is found in classes 1 and
2 of GLUTs." Like class 2, this class also lacks a QLS motif
but many other motifs are conserved that include the likes of
PESPR in TM6 and PETKGR in TM12. Like Class 1, it also
has a tryptophan residue after the GPXXXP motif in TM10.!"!

GLUT13 (or HMIT) is the only GLUT with highly
electrogenic substrate specificity for myo-inositol, a substrate

required for adequate brain functioning. The coupling of
GLUT13 with proton is responsible for its stimulation with
low pH. No glucose transport activity has yet been associated
with GLUT13 [Figure 2].12

Genetics

The search conducted using a basic local alignment search
tool on GenBank human genome database!'”! revealed that
all the genes coding for GLUT consists of only a single copy
with the exception of GLUTs 9 and 11, which show at least
three variants mainly as a result of splicing.”?! These genes
are distributed over the range of 9 chromosomes in the
human body. GLUT1, 5, and 7 are found on chromosome
1. GLUT 6 and 8 are found closely associated with one
another on chromosome 9. GLUT 3 and HMIT are present
on chromosome 12. GLUT 2, 4, 9, 10, 11, and 12 are each
located on chromosomes 3, 17, 4, 20, 22, and 6, respectively
[Table 1]. With the exception of GLUT9 (214 kb) and HMIT
(352 kb), the sizes of gene-encoding gluts are relatively small
ranging from 6 kb to 65 kb.!"

TYPES OF GLUTs

Human GLUT1 was obtained on sodium-dodecyl-sulfate
polyacrylamide gel from human erythrocytes in the year
1977 by Kasahara and Hinkle."** GLUT1 is a hydrophobic
integral membrane comprising 492 amino acids with
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Figure 2: Classification and pictorial comparison of the three classes of glucose transporters on the
basis of their structure and the presence of TM motifs. The image was designed using Canva.

Global Journal of Medical, Pharmaceutical, and Biomedical Update « 2022« 18(23) | 3



Jafri, et al.: Glucose transporters in health and disease

Table 1: Genomic localization of GLUTs.

GLUTs Gene Chromosomal location
GLUTI SLC2A1 1p35-p31.3
GLUT2 SLC2A2 3q26-q26.2
GLUT3 SLC2A3 12p13.3
GLUT4 SLC2A4 17p13
GLUT5 SLC2A5 1p36.2
GLUT6 SLC2A6 9q34
GLUT7 SLC2A7 1p36.22
GLUTS SLC2A8 9q33.3
GLUT9 SLC2A9 4p16-p15.3
GLUT10 SLC2A10 20ql13.1
GLUT11 SLC2A11 22ql1.2
GLUT12 SLC2A12 6q23.2
GLUTI13 (HMIT) SLC2A13 12q12

GLUTS: Glucose transporters, SLC: Solute carrier, HMIT: H+-myo-inositol
transporter

a molecular weight of 54 kDa. Also known as HepG2,
GLUT1 has a vital function in transporting glucose as well
as galactose, mannose, glucosamine, and ascorbic acid.
Structurally, it consists of 12 hydrophobic transmembrane
o-helices with glycosylated extracellular loops positioned
between the first and second transmembrane helices.
GLUT1 expression is most prominent in proliferating cells
during early embryo development and is concentrated in the
brain, skeletal muscle, and myocardium during the suckling
phase. Subsequently, its expression decreases in most tissues
except for the brain, where it remains consistent. GLUT1 is
widespread in cells forming blood-tissue barriers, including
those in the brain, retina, nerves, and endothelium. In
addition, it is found in cardiac muscle, placenta, and lactating
mammary glands. In insulin-sensitive tissues such as adipose
tissue and muscle, GLUT1 is associated with GLUT4.1"

GLUT]1 present in endometrial stromal cells of the placenta
and lactating mammary glands plays a key role in the
maintenance of a healthy pregnancy by providing adequate
energy to the developing fetus.”! Glucose is essentially
required for embryonic development and endometrial
decidualization and abnormal endometrial glucose
metabolism is linked with negative gestational outcomes.
Glucose cannot be produced in the endometrium; hence,
it is delivered by GLUTs. Expression of seven of the GLUTs
has been observed in the human uterus which is regulated
through epigenetics. Disturbances related to endometrial
GLUTs have been linked with gestational diabetes, infertility,
and polycystic ovarian syndrome.?! GLUT1 is present
in endothelial cells of the blood-brain barrier and is
upregulated in case of a hypoglycemic crisis. The expression
by translocation of GLUT1 increases five-fold in contrast to
20 20-fold increase in GLUT4 in response to upregulation by
insulin.”

GLUT2 functions as the only GLUT that can mediate the
bidirectional flow of glucose from the lumen to portal
circulation and vice versa depending on the blood glucose
levels, this characteristic is mainly due to its ability to be
translocated to intestinal brush border cell in response
to dietary sugar intake.” Glucose and fructose enter the
portal circulation by GLUT2 transporters present on the
basolateral membrane of intestinal epithelium.? In response
to the fasting state, GLUT2 also carries out the release of
glucose after hepatic gluconeogenesis. It also plays a role in
glucose reabsorption along the basolateral border of renal
epithelium.®"

A duplicon of GLUT3 named GLUT14 has also been purified
which is predominantly expressed in human testis and
also shares a unique association with inflammatory bowel
disease, especially Crohns disease.”*? GLUT3 present in
endometrium also plays a crucial role alongside GLUT1 in
decidualization and differentiation of endometrial stroma
during the secretory phase of menstrual cycle, hence
providing a nutritive environment for the implantation of
zygote.l

GLUT4 protein has always been a subject of interest for
researchers mainly due to its property of being the cardinal
insulin-sensitive transporter in the SLC2A family. In
response to insulin exposure, they are translocated from an
intracellular pool to the plasma membrane in adipocytes and
sarcolemmal membrane and T-tubules of muscle cells.
GLUT4 is also responsible for glucose transport in muscles
during strenuous exercise.!

GLUTS5 is recommended as an additional hexose transporter
system present in the brush border of intestinal epithelium
alongside SGLT.”® It shows an increase in expression in
response to dietary fructose stimulation.’”? Gene expression
for GLUTS5 is also found to be upregulated in non-insulin-
dependent diabetes mellitus (NIDDM). This finding has
further warranted the use of GLUTS5 inhibitors in antidiabetic
therapy.©®

GLUT6 human isoform was replicated from leukocytes on
account of its ability to over-express in inflammatory and
endothelial cells in response to viral load. In the year 2000,
it was then referred to as GLUTY, and the encoding gene
for this protein was later termed SLC2A6; hence, the name
was changed to GLUT6 by the HUGO Gene Nomenclature
Committee. !

GLUT7 was cloned from intestinal complementary
deoxyribonucleic acid in the year 2004 using a PCR-based
strategy. It was the last SLC2A family member to be cloned
using this technique."” GLUT8 plays a role in blastocyst
where it is upregulated in response to insulin, thereby,
functionally acting as GLUT4, which is absent in the early
stages of embryonic development.*? GLUTY is a class 2

Global Journal of Medical, Pharmaceutical, and Biomedical Update « 2022 « 18(23) | 4



Jafri, et al.: Glucose transporters in health and disease

GLUT and plays a crucial role in urate reabsorption.*’!
GLUT10 has its encoding gene on chromosome 20q12-q31,
a locus also associated with non-insulin-dependent diabetes
mellitus. Therefore, GLUT10 has become an interesting
center of attention for the development of more insight and
therapeutic approaches for type-2 diabetes mellitus. Mutation
in the gene encoding for GLUT10, present in vascular smooth
muscle cells, is associated with stenosis and tortuosity of large
vessels causing arterial tortuosity syndrome. ¥

In humans, three isoforms of GLUT11 are found due to the
presence of splice variants. GLUT11-A, GLUT11-B, and
GLUT11-C have been cloned, each with a distinct N-terminal
sequence. They share the same transporter activity for
fructose and glucose excluding galactose.” GLUT12 is
released in response to insulin where its upregulation occurs
from intracellular cytoplasmic reservoir to the lipid bilayer in
insulin-sensitive adipose tissue, skeletal muscle, and heart.¢!

GLUT13, also known as HMIT, is responsible for proton-
dependent electrogenic transport associated with the
translocation of GLUT13 to the cell membrane following cell
depolarization, raised calcium influx, and protein kinase C
activation [Table 2 and Figure 3].

PATHOLOGICAL IMPLICATIONS OF GLUTs

This family of transporters plays a crucial role in hexose
metabolism and studies have shown a number of diseased

states where the alteration in the pattern of expression of
this family of transporters has evidently helped in the
diagnosis and treatment of different ailments. This section
sheds light on the link of GLUT proteins with different
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GLUTE % —> GLUT4,5,7,11
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Figure 3: Expression of GLUTs in the different organs and tissues
of the body. The image was designed using Canva. GLUTSs: Glucose
transporters.

Table 2: Types of GLUT with their number of amino acids present, molecular weight, tissue expression, and substrates.

GLUTs Amino acids Molecular weight
GLUT1 492 54 kDa
GLUT2 524 60-62 kDa
GLUT3 496 54 kDa
GLUT4 509 55 kDa
GLUT5 501 55 kDa
GLUT6 507 55 kDa
GLUT7?7 524 55 kDa
GLUTS8 477 51.5 kDa
GLUT9 SLC2A9a- 540 59 kDa
SLC2A9b- 512 55 kDa
GLUT10 541 56 kDa
GLUT11 503 42 kDa
496
GLUTI12 617 50 kDa
GLUT13 629 75-90 kDa

Substrate, Km Class Reference
Glucose, ~6.9 mM 1 [83]
Glucose, ~17 mM 1 [10,84]
Galactose, ~92 mM

Mannose, ~125 mM

Fructose, ~76 mM

Glucosamine, ~0.8 mM

Glucose, ~1.6 mM 1 [85]
Glucose, ~5-6 mM 1 [86]
Fructose, ~6 mM 2 [87]
Glucose 3 [39]
Fructose, ~0.06 mM 2 [41]
Glucose, ~0.3 mM

Glucose 3 [88-90]
Trehalose (in hepatocytes)

Glucose, ~0.61 mM 2 [42,43,91]
Fructose, ~0.42 mM

Urate

Glucose, ~0.3 mM 3

Fructose 2 [23,92]
Glucose

Glucose 3 [46]
Myo-inositol 3 [22]

GLUTs: Glucose transporters
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clinical disorders along with some specific GLUT-associated
genetic diseases.

Cancer

GLUT1 along with GLUT3 is over-expressed in many neoplasia
including brain,”*! breast, and cervical cancers.*”’ GLUT1 and
GLUT4™ show an increased expression in colon,® kidney,
ovary, prostate,”* skin,** and thyroid cancers.**! Cancers with
an overexpression of GLUT1 are deemed more aggressive. Due
to the ubiquitous distribution of this protein, many therapeutic
approaches have been made to target this transporter, but the
same widespread prevalence also hinders achieving treatment
specificity."® Recurrence and aggressiveness of brain tumors,
especially glioblastoma, are also associated with an over-
expressed GLUT3.48 GLUT5 overexpression is linked with a
number of cancers, especially ovarian carcinoma®” and their
metastatic potential. This feature makes it an easy aim for
various chemotherapeutic approaches.*! GLUT12 (along with
GLUT1) is sensitive to stimulation by androgens in the prostate
gland; hence, an overexpression of these proteins is observed in
prostate cancers.®) GLUT12 was cloned from Michigan Cancer
Foundation (MCF)7, a human breast cancer cell line, showing
strong positive immunohistochemical staining in ductal cell
carcinoma in situ than in benign ducts of breast cancer tissue.*"
Eight out of ten invasive cancers showed an over-expression of
GLUT12./¢1

Metabolic syndrome and diabetes

The liver expresses a host of GLUTs including GLUT]I, 2, 5,
8, and 9 with GLUT2 being the main transporter of glucose
inside hepatocytes. Studies have found a strong correlation
between obesity, type 2 diabetes, and non-alcoholic fatty liver
disease with impaired glucose homeostasis.®? GLUT4 shares
a tight association with metabolic syndromes such as obesity
and type 2 diabetes, strongly depicting an altered expression
in adipose tissue, especially in patients presenting with type 2
diabetes and insulin resistance./” Selective insulin resistance in
aging HepG2 cells coupled with changes in GLUT4 expression
points toward an association of GLUT4 with liver cirrhosis./*!
GLUTS5 is also responsible for fructose-mediated metabolic
syndrome since its metabolites deplete ATP and cause
oxidative stress amongst soft tissues leading to an inflammatory
cascade in the liver, adipocytes, pancreas, and kidneys." The
association of increased fructose consumption with early-onset
metabolic syndrome has directed the attention of researchers
toward the inhibition of class 2 fructose transporters as a mode
of therapy for the mentioned disorder.!

GLUT1 deficiency syndrome (G1DS)

GI1DS is an autosomal dominant mutation in the SLC2A1
gene. This haploinsufficiency mutation can cause

hypoglycorrhachia (decreased concentration of glucose in
cerebrospinal fluid), convulsions, developmental delay, and
cerebral atrophy.l”? However, the disease complications can
be treated with a ketogenic diet that bypasses the need for
glucose uptake by GLUT1.6¢!

Fanconi-Bickel syndrome

Fanconi-Bickel syndrome is a rare disorder of GLUT2 and
presents as autosomal recessive glycogen storage disease with
three mutations found in the SLC2A2 gene, causing loss of
function in the abnormally shortened transport proteins.
The disease is presented with transient post-prandial
hyperglycemia, followed by hypoglycemia, mainly due to
hepatorenal glycogen accumulation and impaired transport
of glucose and galactose. Defective absorption of hexose in
enterocytes is also responsible for the occurrence of diarrhea
in this disorder. Impaired reabsorption of glucose in renal
tubular cells and its loss in the urine (glucosuria) is caused
by Fanconi Nephropathy, a condition that further aggravates
hypoglycemia.!*!

GLUT9 disorder associated with urate metabolism

Organic anion urate appears to be the primary substrate
for GLUT9 protein. It maintains serum urate level within a
narrow range of 250-300 uM by its action on hepatocytes and
the basolateral membrane of the renal proximal convoluted
tubule. A defect in GLUT9 can cause hypouricemia which
can be further worsened by uric acid stones."” GLUTY9 along
with urate transporter 1 works collectively in the maintenance
of uric acid homeostasis associated with articular cartilage
and chondrocytes, any defective polymorphism in this
transporter can also cause hyperuricemia, further leading to
chronic gouty arthritis.”"

Arterial tortuosity syndrome

Arterial tortuosity syndrome is an autosomal recessive
disorder associated with a mutation in one of the genes
encoding for human GLUT10. The vessels deficient in
GLUT10 show an increased activity of transforming growth
factor-P (TGFP) causing a disarray of elastic fibers in tunica
media, hence causing tortuous and stenotic arteries with an
increased propensity of aneurysm formation."¥ Increased
expression of TGFP in GLUT10 deficiency can also be linked
with microangiopathic changes seen in type 2 diabetes
and provides evidence to further work on TGFp-targeted
treatment strategies.

THERAPEUTIC ROLES OF GLUTS

The role played by GLUT1 in glucose utilization by
autoimmune T-cells is being used pharmacologically to
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inhibit their cellular metabolism and render them unable
to damage beta-islet cells as a treatment modality for type 1
diabetes mellitus.” Development of chemotherapeutics that
selectively target GLUT1 in plasmodium-infested red blood
cells. They starve off the parasite by cutting off the glucose
supply. This is currently underway as a treatment for Malaria.
(73l GLUT?2 present in intestinal absorption of hexoses has been
a target of interest employed in many antidiabetic treatments.
74 Treatment with GLUT5 inhibitor pioglitazone has been
shown to reverse the upregulation of GLUT5 seen in skeletal
muscle cells of NIDDM. An antidiabetic drug tiliroside has
also been shown to inhibit glucose uptake in gastrointestinal
tract (GIT)."” A non-specific GLUT inhibitor ritonavir has
proven to be beneficial against myocardial necrosis caused
by catecholamines.® N-[4-(methylsulfonyl)-2-nitrophenyl]-
1,3-benzodioxol-5-amine (MSNBA) is a highly selective
competitive GLUT5 inhibitor used in breast cancer due to
its propensity of impeding fructose transport meanwhile
causing no effect on the transport of fructose by GLUT2 or
glucose transport by GLUT1-4."7

Warburg effect

The cancerous cells in the human body have adapted to use
glycolysis as their main mode of metabolism; this causes an
increased expression of GLUT proteins on the cell membrane
of neoplastic cells. This metabolic adaptation known as the
Warburg Effect creates a negative energy balance.” The
Warburg effect plays an important role in directing the
anti-cancer treatment toward increased glycolysis and
upregulation of GLUTs. Various regimens aiming to
downregulate selected GLUTs have proven as a beneficial
chemotherapeutic strategy, WZB117 is a prototype drug
currently under development and can be used as a potential
chemotherapeutic agent in GLUT1-specific cancers.”!

Another strategic treatment for cancers, exploiting GLUT-
mediated glucose transport and metabolism, is cell
starvation. Cell starvation decreases the viability of cancer
cells.®) Starvation-dependent differential stress resistance
aims to protect normal cells against chemotherapy and helps
them preserve their normal morphology and function.®!
GLUT5-specific inhibitors in cancers with increased fructose
demand and the production of fructose-specific probes for
imaging studies have paved a new path in the development
of different strategies for cancer cure and prevention.®
However, detailed modeling strategies are required to design
analogs only targeting GLUT5 and exempting GLUT2
transporters (also have an affinity for fructose).””

CONCLUSION

To this date, 13 isoforms of GLUTs have been isolated
with substantial research having been conducted on the

structure-, function-, and tissue-specific distribution of each
GLUT family member. Their role in transporting glucose
across the membrane is indispensable for executing vital
chemical reactions required for sustainability of normal body
functions and any mutation in their normal genomics can
lead to deficiency syndromes associated with the respective
transporter. However, more evidence-based research studies
and clinical trials are required to elucidate their significance
in the treatment and diagnosis of ailments such as metabolic
syndrome, diabetes, and cancer which can lead to a
remarkable revolution in clinical medicine.
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