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Abstract: Hepatocellular carcinoma (HCC) ranks third in cancer-related deaths from solid
tumors worldwide. The incidence of type 2 diabetes mellitus (T2DM) has increased world-
wide in conjunction with the expansion of the Western lifestyle. Furthermore, patients with
T2DM have been documented to have an increased risk of HCC, as well as bile tract cancer.
Growing evidence shows that T2DM is a strong additive metabolic risk factor for HCC, but
how diabetes affects the incidence of HCC requires additional investigation. In this review,
we discuss the underlying mechanisms of HCC in patients with T2DM. Topics covered
include abnormal glucose and lipid metabolism, hyperinsulinemia, and insulin resistance; the
effect of activated platelets; hub gene expression associated with HCC; inflammation and
signaling pathways; miRNAs; altered gut microbiota and immunomodulation. The evidence
suggests that reducing obesity, diabetes, and nonalcoholic fatty liver disease/nonalcoholic
steatohepatitis through efficient measures of prevention may lead to decreased rates of
T2DM-related HCC.

Keywords: abnormal metabolism, activated platelets, hub gene, miRNAs, signaling,
inflammation

Introduction

Hepatocellular carcinoma (HCC) ranks third in cancer-related deaths from solid
tumors worldwide, causing nearly one million deaths every year." The incidence
and mortality of HCC are increasing in North America and in several European
regions.” Hepatitis B virus (HBV) and hepatitis C virus (HCV) infections remain
the main burden factors for HCC; however, patients with type 2 diabetes mellitus
(T2DM) have been shown to have an increased risk of HCC, as well as bile tract
cancer.* There is an increasing amount of evidence showing that T2DM is
a strong additive metabolic risk factor for HCC.>® The global prevalence of
diabetes mellitus (DM) in adults has risen by 3.8% from 1980 to 2014, with
90-95% of cases being T2DM.” Meanwhile, a meta-analysis and systematic
review demonstrated that concurrent T2DM is strongly associated with an
increased HCC risk among patients with chronic HBV® or HCV? infection.
Recently, T2DM has also been associated with a significant increased risk of non-
cirrhotic HCC with a hazard ration (HR) of 3.05 and 95% confidence interval (CI)
of 1.41-6.62."° HCC represents an ever-increasing challenge, in part due to
T2DM being a risk factor for HCC and contributing to the rise in HCC incidence.
However, the means by which diabetes affects the incidence of HCC still needs to

be further investigated. In this review, we summarize what is currently known
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regarding the mechanisms underlying the progression of  steatohepatitis due to non-alcoholic steatohepatitis

HCC in patients with T2DM (Figure 1).

Epidemiology

Epidemiological data from Kagawa University (our
department) indicated 802 patients with HCC that were
newly diagnosed from 2003 to 2017, among which 246
were carly-stage, 286 were intermediate-stage, and 270
were advanced-stage. The proportion of male patients
with advanced-stage disease was 76.7%. Meanwhile,
non-B, non-C HCC patients comprised 41.1% in the
advanced-stage group compared with 11.8% in the early
stage group. The incidence of non-B, non-C HCC is
increasing in Japan, instead of HCV HCC. A nationwide
survey in Japan also revealed that HCC of non-viral etiol-
ogies rapidly increased between 1991 and 2010, as well as
the proportion of patients with DM, which increased from
46.1% to 51.6%."" In addition, all-cause mortality is sig-
nificantly higher in T2DM patients compared to that in the
general population of Japan, with HCC conferring the
highest mortality risk in T2DM patients [standardized
mortality ratio (SMR) 3.57, 95% CI 2.41-5.10]."> Data
from the Swedish National Diabetes Register show that the
risk for severe liver disease is higher in patients with
T2DM than that in the general population (HR, 2.28;
95% CI, 2.21-2.36)."> A single-center retrospective ana-
lysis of clinical features of adult patients from a large
transplant center who underwent liver transplantation for

(NASH) and alcoholic causes indicated that patients with
HCC are more likely to have T2DM compared to those
without HCC (56.3% vs 37.1%; P = 0.004).'* Moreover,
a greater adherence to a T2DM prevention diet is asso-
ciated with a lower risk of developing HCC among US
men and women. "

Abnormal Glucose and Lipid
Metabolism, Hyperinsulinemia, and

Insulin Resistance

Abnormal glucose and lipid metabolism are characteristics
of DM. As the condition progresses, chronic hyperglyce-
mia and an inadequate response to circulatory insulin by
peripheral tissues lead to insulin resistance (IR). IR and
subsequent compensatory hyperinsulinemia result in an
increased production of insulin-like growth factor 1
(IGF-1), which further promotes hepatic cellular prolifera-
tion and inhibits cellular apoptosis within the liver.
Furthermore, IR and hyperinsulinemia have been shown
to have a key role in the pathogenesis of non-alcoholic
fatty liver disease (NAFLD; renamed as metabolic dys-
function associated fatty liver disease, MAFLD)-related
HCC.'® Hyperinsulinemia also plays a key role in the
pathophysiology of HCC by activating insulin receptor
(IRS-1) to cytokine
pathways.'” The evidence indicates that IR is involved in

substrate-1 regulate multiple
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the progression of hepatic steatosis and hepatic fibrosis by
the presence of increased circulating levels of free fatty
acids, which promote NAFLD and NASH. Additionally,
NAFLD exacerbates hepatic/peripheral IR and induces cell
death and inflammation.'”'® Furthermore, the prevalence
of diabetic dyslipidemia (DD) among patients with T2DM
is approximately 72-85%. In T2DM, hyperinsulinemia,
frequently insulin resistance, and 3 cell failure are related
to DD.'" The main characteristics of DD are increased
triglyceride (TG) levels, reduced high-density lipoprotein
cholesterol (HDL-C), normal or slightly increased low-
density lipoprotein cholesterol (LDL-C), increased very-
low-density lipoprotein subfraction (VLDL1), small-dense
LDL-C particles, susceptibility to oxidation, and glycation
of apolipoproteins.”’ Metabolic syndrome (MS), character-
ized by abdominal obesity, insulin resistance, hyperten-
sion, and hyperlipidemia, is also related to T2DM.?' In
a recent study, the rate of severe morbidity was higher in
an MS-related HCC group compared to that of an HBV-
HCC group.22 In addition, approximately 90% of indivi-
duals with diabetes or obesity in a comparative study had
significant intrahepatic fat accumulation.”> Another study
showed that the prevalence of NAFLD is much higher in
T2DM patients compared to that in TIDM patients.** In
longitudinal NAFLD cohorts with paired liver biopsies,
the presence of diabetes is associated with increased fibro-
sis progression, while improved glycemic control corre-
lates with fibrosis regression.'” A study based on
a population-based database indicated NAFLD is becom-
ing a major cause of HCC and that NAFLD is associated
with shorter survival time, more advanced tumor stage,
and a lower possibility of receiving a liver transplant.?’
Furthermore, another meta-analysis showed that the stron-
gest independent predictor of a diagnosis of HCC or cir-
rhosis is the baseline diagnosis of diabetes.”® A large
amount of evidence supports the concept that abnormal
lipid metabolism increases the prevalence of NAFLD and
NASH and furthers HCC development.®>?”-*® To summar-
ize the entire process, abnormal glucose and lipid metabo-
lism, hyperinsulinemia, and insulin resistance cause
intrahepatic fat accumulation, which promotes the devel-
opment of HCC.

Activated Platelets

A previous study suggested that glucose itself drives pla-
telet activation.”” In accordance with this, platelets can be
activated during the postprandial phase of patients with
low insulin levels or insulin-resistant diabetic patients, but

not in healthy individuals.>® Platelet function is not only
associated with hemostasis but is also involved in chronic
inflammation and thrombotic pathological processes.
Cytokines such as interleukin-1p (IL-1P), interleukin-8
(IL-8), and growth factors such as transforming growth
factor B (TGF-B) and vascular endothelial growth factor
(VEGF) are stored in alpha-granules, dense granules, and
lysosomes and are involved in the cyclooxygenase 2
(COX-2) pathway in cancer cells.>'*? The subcellular
machinery of de novo protein synthesis is involved in
inflammatory pathways and includes IL-1f3, plasminogen
activator inhibitor-1 (PAI-1), and tissue factor (TF).*
Activated platelets also release soluble CD40 ligand
(CDA40L), which is structurally related to tumor necrosis
factor (TNF)-a superfamily. More than 95% of the circu-
lating CD40L is derived from platelets.”> CD40L stimu-
lates resting platelets via CD40/CD40L interaction, which
is involved in the expression of many pro-inflammatory
and prothrombotic factors.>* In addition, platelet levels are
an independent risk factor for advanced fibrosis in T2DM
patients with NAFLD (odds ratio, 0.985; 95% CI, —0.-
972-0.999; P = 0.034).*® Platelet-derived growth factor
(PDGF) stimulates wound healing and regulates tissue
homeostasis. However, overactivity of PDGF signaling is
associated with malignancies and other diseases character-
ized by excessive cell proliferation. In certain tumors,
genetic or epigenetic alterations of genes for PDGF
ligands and receptors drive tumor cell proliferation and
survival.*® Results from an animal model suggest that
hyperactivated platelets constitute a major source of
(SAA)
pretumoral stage and promote the initiation of colitis-

serum amyloid A proteins  during the
associated cancer by enhancing myeloid cell-dependent
immunosuppression.’® Moreover, another study showed
that activated platelets release functional high molecular
weight epidermal growth factor (HMW-EGF), which sti-
mulates platelet epidermal growth factor receptor (EGFR)
autophosphorylation, phosphatidylinositol-3 kinase (PI3k)-
dependent AKT phosphorylation, and a transient increase
in Ca*" that is blocked by EGFR tyrosine kinase inhibi-
tion. There is a connection between activated platelets and
tumorigenesis through the rapid and prolonged autocrine-
stimulated release of HMW-EGF by tumor-associated pla-

telets (Figure 2).7

Gene Expression
A recent bioinformatic analysis of key genes associated
with DM and HCC identified nine hub genes.*® The hub

Journal of Hepatocellular Carcinoma 2021:8

submit your manuscript 47

Dove


http://www.dovepress.com
http://www.dovepress.com

Shi et al

Dove

o2
o \ .o
\ S

°
o-granules

Activated platelet

PF4
EGF
et mae

W
. = receptor\ Proliferation
S o o

Pro-survival

EMT

Tumor cell

Figure 2 Activated platelets involved in chronic inflammation by the release of cytokines.
Abbreviations: PDGEF, platelet-derived growth factor; TGF-f, transforming growth factor B; EGF, endothelial growth factor; VEGF, vascular endothelial growth factor; IL-
1B, interleukin-IB; sCD40L, soluble CD40 ligand; IL-8, interleukin-8; PF4, platelet factor 4; COX, cyclooxygenase; PGE2, prostaglandin E2; EMT, epithelial-mesenchymal

transition.

genes include cerebral dopamine neurotrophic factor
(CDNF), cysteine-rich with EGF-like
(CRELD2), DnaJ] (Hsp40) homologue subfamily
B member 11 (DNAJBI1), denticleless E3 ubiquitin-
protein ligase homologue (DTL), GINS complex subunit 2

domains 2

(GINS2), mesencephalic astrocyte-derived neurotrophic
(MANF),
A member 4 (PDIA4), protein disulfide isomerase family

factor protein disulfide isomerase family
A member 6 (PDIA6), and valosin-containing protein
(VCP). Among them, CDNF, CRELD2, DNAIJBII,
MANF, PDIA4, PDIAG6, and VCP are associated with the
endoplasmic reticulum (ER) stress response, which is
recognized as a key driver in sustaining malignant cells
and promoting cancer progression.’ Meanwhile, DTL is
a widely accepted oncogene that regulates cell cycle pro-
gression and genome stability*® and GINS2 is critical for
the initiation of DNA replication.*! Another bioinformatic
analysis comparing T2DM with non-diabetes and HCC with
the control groups indicated that genes ST3GAL2 and
ZNF613 are highly methylated and positively correlate

with the HCC stage.*? Furthermore, nuclear receptor co-
activator 5 (NCOAYS) is a possible susceptibility gene for
both T2DM and HCC by regulating IL-6 during
pathogenesis.** In addition, genes CCNA2, CCNBI,
MAD2L1, RACGAP1, NCAPG, and TTK are found to be
overexpressed in HCC, while CCNA2, CCNBI1, CHEKI1,
are significantly downregulated in metformin-treated sam-
ples, suggesting these genes may be mechanistically
involved in the metformin treatment of T2DM and
HCC.* In previous reports, metformin was shown to have
anti-HCC effects™ 7 and is associated with improved sur-
vival among HCC patients with T2DM.*® Based on these
findings, it is suggested that these hub genes may be asso-
ciated with one of the underlying pathophysiological
mechanisms of HCC and T2DM. Additionally, hypermethy-
lation of the E-cadherin-1 (CDH-1) gene is related to an
increased incidence of NAFLD-related HCC. Genetic var-
iations in the patatin-like phospholipase domain-containing
protein-3 (PNPLA3) and the transmembrane 6 superfamily
2 (TM6SF2) gene are found to be closely associated with
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increased risk of NAFLD progression, especially with the
risk of hepatic fibrosis. Moreover, greater levels of recurrent
mutations in the cell cycle regulator genes TP53 and
CDKN2A and genes of the f-catenin/WNT signaling path-
way are detected in patients with NASH.'747!

Molecular Mechanism of
Inflammation and Signaling
Pathways

HCC in T2DM patients always occurs in conjunction with
the effects of inflammation and signaling pathways. There
are several factors involved in this process, such as abnor-
mal lipid metabolism inducing DD, MS, NASH, and
NAFLD; activated platelets releasing cytokines involved
in chronic inflammation and thrombotic pathological pro-
cesses; insulin resistance; and the effect of hub-gene
expression. Cell death and inflammation are key drivers
of fibrosis in many forms of chronic liver disease®® and
fibrosis is the main factor of HCC.

Stimulation of Insulin-Like Growth
Factor-1 Signaling

Hepatocyte differentiation, proliferation, and apoptosis are
affected by growth factors produced in the liver. Insulin-
like growth factors 1 and 2 (IGF1 and IGF2) act in
response to growth hormone (GH) and both insulin and
IGF-1 are increased in T2DM patients with insulin
resistance.”* In addition, IGF-1 enhances cancer pro-
gression by regulating cell proliferation, angiogenesis,
immune modulation, and metastasis.’> IGF-1 activates
PI3k/CCND1, which increases cell proliferation and may
also indirectly modulate IGF-2 and IGF2R.® Furthermore,
IGF-1 promotes the phosphorylation of extracellular-
signal-regulated kinase 1/2 (ERK1/2), c-Jun N-terminal
kinase (JNK)” and INK/MAPK pathway.’* The mitogenic
activity of IGF-1R is mediated through the Ras and AKT
pathways>® and crosstalk occurs between IGF-1R and the
erbB family of receptors, which include erbBl (EGFR)
and erbB2 (HER2/neu).” In addition, insulin activates
a cascade of intracellular signaling via binding of the
insulin receptor (IR), leading to it phosphorylating itself
and the insulin receptor substrates. IRS1 and IRS2 are the
main mediators of insulin signaling in the liver, where they
control insulin sensitivity.'® The IR has significant over-all
homology to IGF-1R and 84% homology with the tyrosine
kinase domains. Hybrid-IRs may increase the functional
pool of receptors capable of activating the IGF system and

further advantages.’®
decreased serum levels, decreased tissue expression of
IGF1, elevated production of IGFIR, and variable IGF2

expression has been noted in epidemiological and clinico-

provide growth Interestingly,

pathological studies of chronic liver disease (CLD),
including NAFLD, cirrhosis, and HCC.>* However, there
has been no analysis of CLD with T2DM (Figure 3).

Metabolic Stress, Endoplasmic Reticulum
(ER) Stress, and Oxidative Stress

Response Pathways

The ER stress response constitutes a cellular process trig-
gered by a variety of conditions that disturb the folding of
proteins in the ER. In cases where ER stress-induced
damage cannot be reversed, cellular functions deteriorate,
often leading to cell death.®® ER stress can also activate
the JNK pathway, which promotes the nuclear factor
kappa-B (NF-«kB) signaling cascade, and increase mRNA
and protein levels of pro-inflammatory cytokines, such as
TNF-a and IL-6.°" Additionally, INK acts synergistically
with NF-kB and JAK/STAT to promote cell survival.®®
Hyperglycemia can then increase oxidative stress,*
which can inhibit insulin signaling through the activation
of an inhibitor of nuclear factor kappa-B kinase subunit
beta (IKK) and JNK. Oxidative stress has been shown to
compromise the two major mechanisms of DM, insulin
secretion and insulin action.®* One-carbon metabolism
plays an important role in nucleotide synthesis, methyla-
tion, reductive metabolism, and the Warburg effect.® Tt
has also been found in the inflammation process and
carcinogenesis. For instance, in macrophages, serine is
required for optimal lipopolysaccharide (LPS) induction
of IL-1p mRNA expression, but not inflammasome
activation.®® In addition, B vitamins involved in one-
carbon metabolism have been implicated in the develop-
ment of inflammation- and angiogenesis-related chronic
diseases, such as colorectal cancer (Figure 4).%

Reactive Oxygen Species (ROYS)

Accumulated ROS are found in DM and are important med-
iators for the activation of pro-inflammatory signaling path-
ways. Obesity and hyperglycemia-induced ROS production
may favor the induction of M 1-like pro-inflammatory macro-
phages during diabetes onset and progression. Moreover,
ROS induce MAPK, STAT1, STAT6, and NF«B signaling
(Figure 4), interfere with macrophage differentiation via
epigenetic reprogramming,®® induce cellular cytotoxicity
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Figure 3 Insulin-like factor-1 (IGF-1) signaling and the multiple pathway axis. Insulin resistance and hyperglycemia stimulate IGF-| signaling and activate multiple pathways.
This leads to the activation of oncogenic signaling pathways, such as PI3K/Akt, JNK/MAPK, Wnt, mTOR, and Ras/ERK. These pathways promote cellular proliferation,
increased invasion and angiogenesis, and decreased apoptosis that may foster the development of HCC.

Abbreviations: IRS-1, insulin receptor substrate-1; mTOR, mammalian target of rapamycin; PI3k, phosphatidylinositol-3 kinase; JNK, c-jun-N-terminal kinase; ERK,
extracellular-signal-regulated kinase; MAPK, mitogen-activated protein kinase; PIP3, phosphoinositide 3-kinases; Akt, protein kinase B; EGFR, epidermal growth factor

receptor; AP-1, activator protein |.

and DNA damage genes, including c-JNK, p-53, c-FOS,
¢-RAS, c-Myc,* and induce autophagy.”® Meanwhile, clin-
ical data’" and in vitro studies® indicate high levels of ROS
production and DNA damage, along with upregulation of
pro-inflammatory cytokines such as TNF-a, IL-1f, IL-6, NF-
kB, and COX-2 expression, and downregulation of IL-10,
with an increased risk of tumorigenesis.

Pro-Inflammatory Cytokines

Inflammatory cytokines are associated with HCC progres-
sion, including well-known cytokines such as TNF-a, the
IL-6 family, and IL-1B. TNF is a major inflammatory
cytokine associated with NF-kB signaling. Meanwhile,
IL-6 levels are well correlated with the tumor stage with
IL-6 exerting many of its functions via activation of
STAT3, a transcription factor found to be important for

HCC development.”? Undetectable IL-17A is associated
with extrahepatic metastasis. Among the cytokines, 1L-6
remains an independent predictive factor for the survival
of patients with HCC.”

Hypoxia and inflammation are two critical factors that
shape the HCC microenvironment. Epithelial-mesenchy-
mal transition (EMT) of HCC cells is enhanced by
hypoxia-inducible factor-1a (HIF-1a)/IL-1B signaling and
IL-1B promotes HCC metastasis in mouse models and is
predictive of poor prognosis in HCC patients.”* A number
of studies have shown that plasma concentrations of fatty
acid-binding protein 4 (FABP4) are increased in obesity
and T2DM, and linked with insulin resistance and
dyslipidemia.”> The involvement of FABP4 in the patho-
genesis of obesity and insulin resistance seems to be
mediated via inhibition of FABP4-dependent peroxisome
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Figure 4 Potential pathways linking hyperglycemia and accumulated reactive oxy-
gen species to HCC through oxidative stress, ER stress, and autophagy.
Abbreviations: IL-6, interleukin-6; NF-kB, nuclear factor kappa B; TNF-a, tumor
necrosis factor-a; IKK-f, inhibitor of nuclear factor kappa-B kinase subunit beta; AP-
I, activator protein |; ROS, reactive oxygen species; HCC, hepatocellular carci-
noma; ER, endoplasmic reticulum.

proliferator-activated receptor y (PPARy).”> Other data
show that exogenous FABP4 significantly increases the
proliferation and migration of human HCC cells. FABP4
can be synthesized and secreted by both hepatocytes and
HCC cells and FABP4 may play a role in regulating tumor
progression in the underlying setting of obesity.”®

MicroRNAs (miRNAs)

A key player in HCC and T2DM is miRNAs, which may be
hidden culprits in diabetes-associated HCC. Recent studies
have documented that plasma miR-17, miR-20a, miR-20b,
and miR-122 are upregulated in T2DM patients with
NAFLD compared to those without NAFLD.”” The
miRNAs miR-34a and miR-221 are significantly upregulated
and miR-16, miR-23-3p, miR-122-5p, miR-198, and miR-
199a-3p are significantly downregulated in HCC-positive
T2DM patients compared to liver cirrhosis-positive T2DM
patients.”® Increased expression of miR-17 promotes HCC
carcinogenesis through the down-regulation of sekelsky
mothers against dpp3 (Smad3).” By targeting plant home-
odomain finger 2 (PHF2), miR-221 promotes HCC
migration®” and acts as a promoter of the EMT process in
HCC cells by targeting adiponectin receptor 1 (AdipoR1)."'
Lower expression of miR-198 is related to several clinico-
pathological parameters in HCC patients® and is
a suppressor of HCC cell invasion by negatively regulating

the HGF/c-MET pathway.® Increased miR-199a-3p levels in
HCC remarkably suppress cell proliferation and migration,
induce cellular apoptosis, and downregulate the specific tar-
get gene mTOR.* In most HCCs, miR-122 is downregulated
while oncogenic SerpinB3 is upregulated, and miR-122 over-
expression increases sorafenib sensitivity.*> A meta-analysis
of stress-related microRNA biomarkers in T2DM revealed
that 16 miRNAs are significantly related of which miR-148b,
miR-223, miR-130a, miR-19a, miR-26b, and miR-27b are
downregulated in both animals and humans with T2DM. In
contrast, miR-146a is downregulated in humans but upregu-
lated in animal studies, and miR-21 is upregulated in humans
but downregulated in animals.*® Furthermore, miR-148b
expression is decreased in HCC and is associated with vein
invasion and TNM stage,®” miR-223 plays a key role in
controlling steatosis-to-NASH progression by inhibiting
hepatic Cxcl10 and Taz expression,*® miR-21 promotes
HCC cell invasion and migration,* and exosomal miR-21
regulates the TETs/PTENpl/PTEN pathway to promote
HCC growth.”

Altered Gut Microbiota and

Immunomodulation

Gut microbiota play an important role in the regulation of
the immune system and host metabolism. Accumulating
evidence suggests that the gut microbiome is involved in
the etiology of obesity, NAFLD, insulin resistance, and
T2DM.?! In healthy humans, the dominant bacterial phyla
are Firmicutes (30-50%), Bacteroidetes (20-40%), and
Actinobacteria (1-10%).°> Epidemiological studies have
shown that the proportion of Firmicutes, including the
ratio of Firmicutes to Bacteroidetes, the concentration of
Faecalibacterium prausnitzii, the abundance of the class
Clostridia and genus Blautia, and quantity of Lactobacillus
decrease in T2DM patients, whereas the abundance of the
class Betaproteobacteria increase.”> > Changes in the gut
microbiota of T2DM patients result in increased LPS
which
resistance.” Additionally, high circulating levels of LPS

levels, causes inflammation and insulin
are observed in both animal models of carcinogen-induced
hepatocarcinogenesis and HCC patients.”® Gut microbiota
are known to contribute to T2DM and NAFLD/NASH,
and the release of inflammatory cytokines and expression
of Toll-like receptor-4 are possible mechanisms for
enhanced HCC,

metabolism.”” ™ Another mechanism involved in the

including alterations in bile acid

immunopathogenesis of obesity and T2DM is alterations
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in the balance of T helper 17 cells/regulatory T cells
(Th17/Treg). Th17 cells produce IL-17, which is impli-
cated in the control of adipogenesis and glucose home-

100

ostasis in obesity'% and regulates insulin sensitivity.'"!

Anti-Diabetic Metformin as an
Anti-Cancer Drug for HCC Patients

with T2DM

Patients with T2DM have a significantly higher risk of
developing HCC and T2DM is also involved in cancer
progression. Many studies have been recently published
that provide substantial insight regarding patients with
T2DM. For instance, it has been reported that patients
with T2DM who are using the antidiabetic drug metformin
are less likely to develop various cancers.'® Metformin is
a biguanide drug that through activation (phosphorylation)
of AMP kinase (AMPK) suppresses gluconeogenesis and
lipolysis, especially in the liver. In adipocytes, metformin
reduces fatty acid synthesis and lipolysis. Insulin sensitiv-
ity increases in muscle tissue and blood glucose decreases
by promoting mitochondrial oxidation, increasing fatty

103 Metformin also affects

acid uptake, and sugar uptake.
the incidence and mortality associated with various can-
cers in metformin-treated patients compared to that in
control patients. The corrected hazard ratios for intestinal
cancer, lung cancer, and breast cancer in patients treated
with metformin are 0.6, 0.7, and 0.6, respectively, indicat-
ing a reduction in the risk of developing at least these
types of cancer. In addition, the corrected hazard ratios for
all-cause mortality and cancer mortality were significantly
reduced to 0.42 and 0.63, respectively, in patients treated
with metformin.'®*'% It can be easily inferred from the
clinical and epidemiological data that metformin, in addi-
tion to having anti-diabetic activity, may also act to sup-
press cancer cell proliferation, including HCC. Therefore,
metformin may prove to be an inexpensive tumor preven-
tion agent with few side effects.

Conclusions

Epidemiological studies have documented an increase in
T2DM and T2DM-related HCC over the past decades.
This review aimed to review the underlying mechanisms
of HCC in patients with T2DM and highlighted abnormal
glucose and lipid metabolism, hyperinsulinemia, and insu-
lin resistance; the effect of activated platelets; hub gene
expression associated with HCC; inflammation and signal-
ing pathways; miRNAs; altered gut microbiota, and

immunomodulation. In addition, efforts in the prevention
of obesity, diabetes, and NAFLD/NASH may lead to
a decreased rate of T2DM-related HCC.
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