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oxidative phosphorylation to metabolize glucose and yield up to 36

ATPs per glucose molecule for cellular functions, and undergo non�

oxidative metabolism (glycolysis) under hypoxic and proliferating

conditions to yield 2 ATP per glucose. These cells metabolize

glucose to pyruvate via glycolysis followed by conversion of

pyruvate to lactate via lactate dehydrogenase. However, cancer

cells have the ability to undergo glycolysis and ferment glucose to

lactate regardless of oxygen availability; a phenomenon first

addressed by Otto Warburg and called, “Warburg effect”. Numerous

glycolytic genes/proteins have been identified in tumors; that

include glucose transporter 1 (GLUT1), hexokinase 2 (HK2), pyruvate

kinase�M2 splice isoform (PKM2), and lactate dehydrogenase (LDH�

A). Histone deacetylase sirtuin 6 (SIRT6), an epigenetic regulator,

is highly expressed in various cancers. SIRT6 plays an important

role in Warburg effect by regulating many glycolytic genes. Loss

of SIRT6 enhances tumor growth via enhancing glycolysis. This

review is mainly concerned with exploring the most recent

advances in understanding the roles of the metabolic genes

(GLUT1, HK2, PKM2, and LDH�A) and the epigenetic regulator

SIRT6 in cancer metabolism and how SIRT6 can modulate these

metabolic genes expression and its possible use as a therapeutic

target for cancer treatment.
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IntroductionCancer is the second leading cause of death in USA and affects
one in three people during their lifetime. Cancer exhibits

major health burden on the society across the world. According to
the National Cancer Institute (NIH), in 2019, roughly 1.76 million
new cases are expected to be identified and 0.6 million people are
expected to die with cancer in the USA.(1) Although, tumors are
heterogenic and possess different characteristics, some basic
characteristics remain the same which are called “hallmarks of
cancer”.(2) These hallmarks include six main characteristics
composed of hyper-proliferation, evading growth suppressors,
angiogenesis, invasion and metastasis, resistance to cell death,
and replicative immortality. In addition to these six capabilities,
two emerging hallmarks have been added resistance to immune
destruction and cell metabolism reprogramming.(3) Cancer cells
reprogram its glucose metabolism to aerobic glycolysis with
diminished oxidative phosphorylation.(2,4) This reprogramming of
glucose metabolism is implicated in resistance to many radiation
and chemotherapy wherein numerous physiological activities get
altered including DNA repair mechanism, induction of autophagy,
and alterations in tumor microenvironment. However, additional
evidence is needed to demonstrate the molecular mechanisms
linking radiation/chemotherapy resistance to cellular metabolism.(5)

Glucose is a key energy source for almost all living cells.
Glucose molecules are transported into the cells via glucose
transporters (GLUTs). Under sufficient oxygen levels, normal

differentiated cells catabolize glucose to CO2 and water, via
glycolysis followed by mitochondrial oxidative phosphorylation.
This process generates up to 36 ATP per glucose molecule. Under
hypoxic conditions, normal differentiated cells ferment glucose
to lactate, and this results in the net yield of 2 ATP per glucose
molecule (Fig. 1).(4,6–8) Unlike normal cells, cancerous cells uptake
higher amount of glucose and they catabolize most of it to lactic
acid regardless of oxygen availability, a phenomenon titled as
“Warburg effect" or “Aerobic glycolysis” (Fig. 1).(4,6–8)

Looking at the number of generated ATP, one might wonder
why cancer cells use more glucose and metabolize it in a less
efficient way by producing ~18-fold less ATP. There are some
proposals for this dilemma. First, because non-oxidative phos-
phorylation fewer metabolic steps process, tumor cells can produce
ATP at 10–100 times faster rate than through long oxidative
metabolic process.(9) Second, proliferating cells need biomacro-
molecules (nucleic acids, fatty acids, and amino acids) to generate
daughter cells in mitosis, hence, fermentation can provide these
building blocks to rapidly generate the needed biomacro-
molecules.(4,8) Third, due to the accumulation of glycolytic inter-
mediates, high NADPH is derived from the enhanced pentose
phosphate pathway (PPP). This enables cancer cells to have
sufficient levels of reduced forms of glutathione thus rendering
resistance to chemotherapeutic agents.(10) Fourth, tumor cells can
survive the hypoxic conditions if oxygen becomes a limitation.(11)

Finally, lactic acid is toxic to immune cells and this in turn helps
the cancer cells to escape the immune surveillance and promotes
angiogenesis.(8)

Warburg effect inhibition is one of the proposed therapeutic
strategies to control cancer. However, the major limitation of this
therapeutic approach is that it will harm the normal cells that use
glycolysis for generating energy. Therefore, understanding how to
inhibit glycolysis locally and specifically in cancer cells without
affecting the normal cells can lead us to find a more suited
therapy.(7) Cancer cells have numerous properties including high
proliferation, invasion, metastasis, and survival.(3) It is possible that
Warburg effect can enhance these properties which are usually
associated with oncogenic mutations or signaling pathways.(7) For
example, cancer metastasis put the cells in a high oxidative stress.
The metabolic tuning to Warburg reduces this oxidative stress by
constraining the mitochondrial oxidative metabolism, thereby
enhancing cell metastasis.(12) Further, some gene transcriptions
are dysregulated to gear the cell metabolism toward aerobic
glycolysis.(13)

Warburg effect is regulated through the coding genes of key
glycolysis enzymes including glucose transporter 1 (GLUT1),
hexokinase 2 (HK2), glyceraldehyde 3-phosphate dehydrogenase
(GAPDH), phosphoglycerate kinase (PGK1), enolase 1 (ENO1),
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pyruvate kinase-M2 splice isoform (PKM2), and lactate
dehydrogenase-A (LDH-A). In addition, Warburg effect is also
regulated by transcription factors that regulate the transcription of
these glycolytic genes, such as hypoxia-inducible factor-1 alpha
(HIF-1a) and c-MYC, and by the epigenetic regulator sirtuin 6
(SIRT6).(14) Warburg effect upregulates glucose transporter GLUT1
and downregulates mitochondrial respiration to convert glucose to
lactate.(15) After entering the cell, glucose is phosphorylated to
glucose 6-phosphate by enzyme hexokinase (HK). HK levels are
also elevated in cancer cells.(16) Then glucose 6-phosphate is
converted to phosphoenolpyruvate (PEP) via a series of metabolic
enzymes. PEP along with one ADP molecule are converted to
pyruvate and ATP respectively via pyruvate kinase (PK).(17)

Although different PK isoforms are expressed in the human body,
PKM2 is the most common isoform expressed in cancer tissues
and it is linked to aerobic glycolysis.(18) Under normoxic condi-
tions, pyruvate, the final product of glycolysis, is transported
into the mitochondria to be metabolized to carbon dioxide and
water via series of reactions. Under hypoxic conditions, pyruvate
is interconverted directly to lactate via LDH enzyme.(19) Another
player in Warburg effect is the epigenetic factor SIRT6, which
has been identified to play a role in metabolic control as well as
the tumor suppression. Loss of SIRT6 can lead to increased
aerobic glycolysis and enhanced tumorigenesis.(20)

SIRT6 is a histone H3 deacetylates that can bind to the telomere
and modulate its function.(21,22) SIRT6 plays a role in extending
mammalian lifespan and suppressing various age-related patho-

logies, including cancer and metabolic diseases.(22,23) An in vivo
study has shown that loss of SIRT6 caused increased glucose
fermentation and tumor initiation and growth. The inhibition of
glycolysis rescued the tumorigenesis in SIRT6-deficient cells,
proving that SIRT6 loss-mediated tumorigenesis is intermediated
through its glycolysis upregulation.(24) SIRT6 controls the expres-
sion of multiple glycolytic genes. SIRT6 deficient cells have an
increased activity of HIF-1a, an increased uptake of glucose, an
up-regulation of the main glycolytic genes including GLUT1,
PFK1, and LDH, and a downregulation of mitochondrial respira-
tion.(25) In this review, we will mainly highlight the role of the
glucose transporter GLUT1, HK2, PKM2, LDH-A, in Warburg
effect and cancerogenesis and how these genes expression is
modulated by SIRT6. Many studies that link SIRT6 to the men-
tioned glycolytic genes will be summarized.

GLUT1

Glucose transmembrane transport is the first step of glucose
metabolism and a rate limiting step of glycolysis.(26) GLUT
proteins, encoded by SLC2A gene, are a family of transporters that
facilitate glucose transportation into the cells. According to
sequence similarity and function, GLUTs are divided into three
classes named as Class I (GLUT 1–4), Class II (GLUT 5, 7, 9,
and 11) and Class III (GLUT 6, 8, 10, and 12), and the proton-
myoinositol symporter (HMIT1).(27) Of class I transporters, GLUT1
is mainly expressed in erythrocytes, GLUT2 is mainly found in the

Fig. 1. A schematic diagram explains glucose metabolism of normal differentiated cells vs cancer cells. Normal differentiated cells can either
catabolize glucose to CO2 and water via oxidative phosphorylation under oxygen sufficient conditions or to lactic acid mainly under hypoxic
conditions. This generates up to 36 ATP vs 2 ATP molecules per glucose molecule respectively. However, cancerous cells catabolize glucose to lactic
acid regardless of oxygen availability, a phenomenon titled as “Warburg effect” or “Aerobic glycolysis”. Multiple consecutive arrows indicate
different metabolic steps and thick arrows depict the main metabolic pathway used in the cell.
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liver, GLUT3 is found in brain, and GLUT4 is found in muscular/
adipose tissue.(28) Among them, GLUT1 is the most important
and commonly expressed isoform in various human types of
carcinoma.(26,29,30)

Using glucose fermentation, cancerous cells practice a less
efficient form of metabolism in terms of ATP production,
however, they compensate that by increasing glucose uptake to get
the needed energy for proliferation. Elevated GLUT1 expression
is observed in mucoepidermoid carcinoma cells, which is the most
common salivary gland tumor.(31) Apart from mucoepidermoid
carcinoma, breast cancer,(32) cervical cancer,(33) prostate cancer,(26)

renal carcinoma,(34) and many other cancers also have higher
expression of GLUT1 facilitative transporters.(32) Furthermore,
Oh et al.(32) showed that GLUT1 does not only act as a glucose
transporter, but also plays a role as a regulator of signaling
pathways in the carcinogenesis of breast cancer. Knockdown of
GLUT1 in breast cancer cells, decreases cell proliferation, deprives
the cells of glucose, and reduces cell migration and invasion
through attenuation of the EGFR/MAPK signaling pathway as
well as the integrin b1/Src/FAK signaling pathways.(32) In addi-
tion, GLUT1 mRNA is increased in the peripheral blood of stage
II and III colorectal cancer patients compared to stage I patients,
suggesting that GLUT1 has a potential to be employed as a
molecular marker of hypoxia experienced by tumors circulating
in the blood of cancer patients.(29) A meta-analysis that explored
the association between GLUT1 and survival in human cancers
identified that increased expression of GLUT1 is linked to
unfavorable overall survival, poorer disease-free survival, poorer
differentiated tumors, positive lymph node metastasis, and larger
tumor size. This indicates that targeting GLUT1 can be a good
therapeutic approach for various types of cancers.(30)

To test if targeting GLUT1 can be a therapeutic option for
cancer, an in vitro study showed that blocking GLUT1 trans-
porters either on the genetic level or by using synthetic chemicals
attenuated the proliferation and growth of renal cancerous cells
via decreasing cellular glucose uptake.(34) Furthermore, an in vivo
study showed that knocking down GLUT1 reduces tumor growth
in the mouse tumor xenograft model of prostate cancer.(26) Further,
the pharmacological or genetic inhibition of GLUT1 in stem cell
carcinoma decreased these cells self-renewal potential and deprived
their tumor-initiating capacity.(35) Other studies also have shown
that attenuating GLUT1 reduces tumorigenicity of tumors including
lung carcinoma,(36) ovarian cancer,(37) and head and neck cancer.(38)

Moreover, the recently approved drug for diabetes, Canagliflozin,
showed a reduction of blood glucose and inhibited complex-I
supported respiration and cellular proliferation in prostate and
lung cancer cells.(39) All these studies together suggest that GLUT1
is an important player in cancer cell metabolism and targeting it
can be a good therapeutic approach especially in cancers that
overexpress GLUT1. This can be achieved by reducing the avail-
ability of glucose to cancer cells and consequently the available
energy for proliferation and growth of tumor cells.

Hexokinase (HK)

HKs catalyze the first step of glycolytic pathway by irreversibly
phosphorylating glucose to glucose 6-phosphate. There are four
isoforms of HKs that are encoded by their separate corresponding
genes: HK1, HK2, HK3, and HK4 (HK4 is also known as gluco-
kinase). HK1 is widely expressed in almost all mammalian tissues
and highly expressed in the brain, HK2 is expressed in insulin-
sensitive tissues such as adipose tissue and skeletal muscle, HK3
is expressed at low levels in most tissues, and HK4 expression is
limited to the pancreatic B cells and liver.(40) Amongst these, HK2 is
the most upregulated isoform in many tumors including glioma,(40–42)

prostate cancer,(43) ovarian,(44) hepatocellular,(45) and head and neck
cancers.(46)

The mitochondrial receptor for HK2, the voltage dependent

anion channel (VDAC), facilitates the binding of HK2 to the
mitochondria, forming HK2-VDAC complex.(11) The HK2-VDAC
complex enhances glycolysis via suppressing the negative feed-
back of glucose 6-phosphate and enhances ATP production to
promote aerobic glycolysis in the presence of oxygen.(41) Further-
more, role of HK2 is also observed at the mRNA/posttranscrip-
tional level in prostate cancer. Clinical and experimental findings
have implicated that genetic loss of both Pten and p53 in prostate
epithelial cells play a causal role in prostate cancer. This genetic
loss mediates tumorigenic pathogenesis by upregulating HK2 at
the mRNA/posttranscriptional level by the p53-miR143 axis and
at the protein/translational level by PTEN-AKT-mTOR-4EBP1
signaling axis.(43)

In contrast to the tumors that express both HK1 and HK2
isoforms, knocking HK2 isoform in cancers that express only HK2
and not HK1 result in the inhibition of tumor cell proliferation,
colony formation, and xenograft tumor progression.(47) Contradic-
torily, another study used HK2 conditional knockout mice and
showed that HK2 plays a crucial role in tumor initiation and
maintenance in mouse models of KRas-driven lung cancer, and
ErbB2-driven breast cancer, regardless of HK1 expression. Further,
systemic deletion of HK2 reduces the burden in mice bearing lung
tumors without adverse physiological consequences.(48)

Pyruvate Kinase (PK)

Microarray studies in cancer have shown a dysregulation in
many glycolytic genes. One of these genes is PK, which encodes
the enzyme that generates pyruvate from PEP as a final step of
glycolysis.(7,18) PK has four isoforms; R found in the red blood
cells, L in the liver, M1 in most adult tissues, and M2 in embryonic
tissues and usually detected in tumors.(49) The M2 isoform exists
in dimeric and tetrameric forms and the ratio between those two
isoforms in cancer cells is influenced by different oncogenic
proteins. At physiological conditions, the dimeric form has less
affinity towards its substrate PEP and acts as an active nuclear
protein kinase whereas the tetrameric form has a high affinity
toward PEP.(2)

It is well known now that the dominant structure of PKM2 in
cancer is dimeric. The dimeric form help in the accumulation of
the phosphometabolites upstream of pyruvate kinase, such as
PEP, glycerate 3-P, glyceraldehyde 3-P, fructose 1,6-P2, ribose-5P,
and 5-ribose-PP, thereby increases the availability of biomass
precursors (nucleic acid, amino acid and phospholipid).(50) Further,
the nuclear dimeric form of PKM2 acts as a kinase that directly
phosphorylates STAT3 at Y705 position thereby activating the
transcription of a number of STAT3 targeted genes and histone
H3 at T11.(51,52) PKM2 dimer also promotes cell proliferation
and tumor growth, explaining the important role of the dimeric
PKM2 in cancer progression.(51,52) Moreover, a subcellular com-
partmentalization of PKM2 may characterize therapeutic response
of non-small cell lung cancer (NSCLC) tumor sections of
responding and nonresponding mice to anti-PKM2 therapy. It
was demonstrated that mice with reduced cytoplasmic PKM2 with
low or undetectable nuclear compartmentalization had a good
response to anti-PKM2 therapy. In contrast, mice with increased
PKM2 nuclear staining and low or undetectable cytoplasmic
staining were non-responding.(53)

In vitro and in vivo studies show that a switch from PKM1 to
PKM2 isoform enhances cell proliferation and consequently
increases tumor size and mass.(18) Increased PKM2 expression can
not only increase lactate production, but it also induce reductive
glutamine metabolism. Reductive glutamine metabolism enhances
cell proliferation under hypoxic conditions, which facilitates
tumor growth.(54) PKM2 deletion reduces tumorigenesis, increases
the survival rate,(18) and reverses Warburg effect in tumor associated
stromal cells.(55) Moreover, PKM2 mediates cancer metastasis in
many tumors including gastric and hepatic cancers.(55,56) PKM2
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induces angiogenesis through STAT3 downstream signaling
and upregulates HIF-1a via NF-kB pathway.(57,58) In addition,
cantharidin—an anticancer active compound—inhibits metastasis
in breast cancer mainly through its downregulation of GLUT1 and
PKM2.(55)

In contrast, other study shows that PKM2 loss promotes
mammary tumor formation in a Brca1-loss-driven model of breast
cancer and activation of PKM2 inhibits tumor growth.(59) Also,
the germline absence of PKM2 potentiates metabolic distress
in hepatic carcinoma.(15) These contradictory studies of PKM2
inhibition highlight the importance of understanding the context-
dependent metabolic needs of each cancer to effectively target its
metabolism for therapeutic benefit.

Lactate Dehydrogenase (LDH)

Lactate dehydrogenase is composed of four subunits (tetramer).
The two most common monomers are the LDH-M and LDH-H.
These two subunits can form five possible tetramers: H4, H3M1,
H2M2, H1M3, and M4. The modern terminology designates the
monomers as A (LDH-M) and B (LDH-H).(60) LDH-A levels are
increased in many tumors and it can be used as predictor for tumor
malignancy, recurrence, survival and metastasis.(61) LDH-A high
level promotes a metabolic rewiring to aerobic glycolysis,
generating lactic acid as a by-product.(62) Interestingly, the phos-
phorylation status of LDH-A at tyrosine 10 may also serve as a
biomarker for assessing treatment response to human epidermal
growth factor receptor 2 (HER2) and avian sarcoma viral oncogene
v-src homolog (Src) inhibitors. Tyrosine 10 phosphorylation is
commonly upregulated in metastatic tumors compared to primary
tumors in human breast cancer, activates LDH-A, and provides a
pro-invasive and pro-metastatic potential to cancer cells.(63)

LDH-A is overexpressed in urinary bladder cancer cells via
PLCe/STAT3 upstream signaling access.(64) Overexpression of
LDH-A promotes cell proliferation by enhancing glycolysis in
urinary bladder carcinoma and hepatocellular carcinoma.(64,65) In
addition, the elevated level of LDH-A is highly correlated with
poor degree of histological differentiation, as well as the disease
stage in hepatocellular carcinoma and pancreatic carcinoma
patients.(65,66) High levels of LDH-A protein in human esophageal
squamous cell carcinoma tissues correlate with tumor metastasis,
stage, and survival.(67) Furthermore, high serum levels of LDH is
linked to the radiation and chemotherapy resistance in sarcomas,
lymphomas, and carcinomas.(68)

Targeting LDH-A can be beneficial for cancer therapy. The
LDH-A deletion in the triple-transgenic mouse model of prostate
cancer significantly reduced lactate to pyruvate ratio, causing
tumor reduction. This data suggests that LDH activity and lactate
are required for tumor progression.(69) Also, in another study,
inhibiting LDH-A using siRNAs or small molecule inhibitors
reduced cell proliferation, migration, and invasion; and increased
cell apoptosis, and downregulated proteases involved in extra-
cellular matrix degradation and tumor metastasis of prostate
cancer.(70)

SIRT6 and Its Effect on Glycolytic Players

Sirtuins are NAD+-dependent deacetylases that are involved in
metabolism, aging and inflammation. Mammals have seven types
of sirtuins (SIRT 1–7). Amongst these, SIRT6 seems to have a
special role in regulating metabolism and lifespan.(20,71) SIRT6 is a
telomere binding factor that deacetylates histone H3 lysine 9
(H3K9) and lysine 56 (H3K56).(21,22) Upon histone 3 deacetylation,
SIRT6 attenuates the transcriptional activity of many transcription
factors including NF-kB, HIF1, c-MYC, and JUN to inhibit target
gene expression.(8) SIRT6 plays a role in extending mammalian
lifespan and suppressing various age-related pathologies, including
cancer and metabolic diseases.(22,23) SIRT6 KO mice are born without

abnormalities, however around 2–3 weeks of age they rapidly start
to develop a severe deteriorating phenotype like reduced lympho-
cytes number, subcutaneous fat loss, and severe hypoglycemia
that leads to their death around the 4th week of age.(72) A study has
shown that loss of SIRT6 in animals caused increased glucose
fermentation and tumor initiation and growth. The inhibition of
glycolysis rescued the tumorigenesis in SIRT6-deficient cells,
proving that SIRT6 loss-mediated tumorigenesis is intermediated
through its glycolysis upregulation.(24) Notably, a recent study
demonstrated that SIRT6 overexpression can reinstate glucose
homeostasis and inhibit lipo-toxicity in high fat diet-induced
obesity.(73) This further improves SIRT6 role in glucose homeostasis.

SIRT6 controls the expression of multiple glycolytic genes, it
acts as a corepressor of the transcription factor HIF-1a, a main
regulator of nutrient stress responses. SIRT6 deficient cells have
an increased activity of HIF-1a, an increased uptake of glucose,
an up-regulation of the main glycolytic genes including GLUT1,
PFK1, and LDH, and a downregulation of mitochondrial respira-
tion.(25) HIF-1a is a main regulator of cancer progression and
metastasis; it regulates transcription of many genes including the
genes involved in glucose metabolism, tumor invasion, and tumor
metastasis.(74) A separate study showed that SIRT6 overexpression
inhibited HIF-1a expression and tumor angiogenesis in lung
cancer.(75) In another study carried on breast cancer cells, the
transcription factor RUNX2-mediated suppression of SIRT6 led
to increased glucose uptake, upregulated GLUT1 and HK2 levels,
increased glycolysis, activated pyruvate dehydrogenase kinase to
inhibit pyruvate dehydrogenase, and downregulated mitochon-
drial respiration in the tumor microenvironment.(76) SIRT6 is
known to be a negative regulator for HK2.(77,78) Furthermore, the
tumor suppressor FKHRL1 (also named as FOXO3a) is shown
to promote SIRT6 transcription, thus inhibiting Warburg effect
in glioblastoma by attenuating the expression of a cluster of
glycolytic genes including GLUT1, HK2, and LDH-A.(79) FOXO3a
enhances SIRT6 expression not only in glioblastoma tumor but
also in colon cancer cells.(79,80) The enhanced SIRT expression
inhibits the expression of downstream survival and metabolic
genes by deacetylating the histone at H3K9 site in the promoter
region.(79,80) Furthermore, SIRT6 is also downregulated in other
cancers including hepatocellular carcinoma,(81) colorectal cancer,(82)

and ovarian cancer.(83)

In addition, SIRT6 deacetylates the nuclear PKM2 at K433
residue resulting in the nuclear export of PKM2. As a result,
SIRT6 suppresses the oncogenic functions of PKM2, turning out
in reduced cell proliferation, migration, and invasion. Moreover,
reduced SIRT6 levels is linked to increased nuclear acetylated
PKM2 levels in higher tumor grades of hepatocellular carcinoma.(84)

Acetylation of PKM2 does not prevent enzyme activation
however it promotes the nuclear accumulation and protein kinase
activity of PKM2.(85) SIRT6 expression is reduced in nasal polyp
fibroblasts, resulting in upregulation of LDH enzyme and conse-
quently enhanced lactate production.(86) In a study performed on
hepatocellular carcinoma (HCC), SIRT6 deacetylated the hetero-
geneous nuclear ribonucleoproteins (hnRNP) A1 at certain lysine
residues. The deacetylated hnRNP A1 inhibited glycolysis, cell
proliferation, and the alternative splicing of PKM mRNA to
PKM2 isoform in HCC cells. The same study also presented the
immunohistochemistry of HCC with an increase in the acetylated
hnRNP in the tumor tissue compared with the adjacent tissue.(87)

This might suggest a decreased level of SIRT6 and its deacety-
lation activity in these tumor tissues.

Despite all the previously discussed data supporting SIRT6 role
as a tumor suppressor, few studies have shown that SIRT6 could
function as an oncogene in some cancers. Yang et al.(88) proved
that SIRT6 induces tumorigenesis and Warburg effect in papillary
thyroid cancer by upregulating reactive oxygen species. However,
SIRT6 acts as an antioxidant in mesenchymal stem cells by
activating NRF2.(89) SIRT6 downregulation in adrenocortical
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carcinoma increases tumorigenesis and ROS via activation of
NF-kB signaling.(90) Others have also shown a positive correlation
of SIRT6 and acute myeloid leukemia (AML), and chronic
lymphocytic leukemia (CLL).(91)

Conclusion and Future Direction

Cancer cells use glucose metabolism reprogramming to ferment
glucose molecules to lactate instead of mitochondrial metabolism,
this is known as “Warburg effect”. Overall, most studies have
indicated a positive role for SIRT6 in tumor suppression. This
anti-tumor activity is mediated through different mechanisms
such as controlling ROS levels, attenuating the expression of
downstream survival protein, and rewiring of cell metabolism.
SIRT6 deacetylate the promotor of HIF-1a, a main transcription
regulator of glycolytic genes, causing its corepression. Loss of
SIRT6 in cancers modulate the metabolism via different pathways
(Fig. 2). It increases HIF-1a and thereby increases the expression
of many glycolytic genes including GLUT1, and LDH-A. Also,
SIRT6 can reduce PKM2 splicing via deacetylation of hnRNP,
or it can directly deacetylate PKM2 at k433 which enhances its
nuclear transport and reduces its oncogenic function. SIRT6
also enhances the expression of HK2, however, which transcrip-
tion factor is mediating this role is not yet known. Upon upregula-
tion of glycolytic genes, the cells will rewire its metabolism to
aerobic glycolysis which promote cell proliferation, invasion, and
metastasis.

Although these studies provide a convincing evidence for a
tumorigenic role of SIRT6 in metabolic reprogramming, more
research is needed to know the exact signaling cascade of SIRT6
mediated metabolic rewiring. Further, finding a good SIRT6
activator as a therapeutic option for cancer and studying which
molecular features of cancer will be attenuated by enhancing
SIRT6 expression/activity needs to be determined.
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