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Hepatocellular Carcinoma & Hypoxia: A Review

Abstract

Liver is the largest gland inside our body, and it is accounted for many functions in the body but like any other
organ in the body it is prone to different disease but the most dangerous one of them is hepatocellular
carcinoma. Hepatocellular carcinoma is fetal, and it is having low survival rate and it is resistant to the most of
the know therapy that’s why there is always a need for new treatment modalities. It has different causative
agents, different staging methods, different mechanism for hepatocarcinogenesis and different treatment
modalities like liver resection, liver transplantation and sorafenib. Tumor hypoxia is one of the major
characteristics of the hepatocellular carcinoma and other solid tumors and it arises from the inadequate blood
supply for the rapidly proliferating cancer cells. Tumor hypoxia is a bad prognosis factor as it increases the
aggressiveness of the tumor and increases it is resistance to the treatment that’s why overcoming tumor hypoxia
provide a great therapeutic benefits for the cancer patients. Hypoxia mediate it is effect mainly through hypoxia
inducible factor 1 which causes drug resistance, metastasis, angiogenesis, metabolic shifting, radiotherapy
resistance and overall tumor aggressiveness and poor prognosis. There is keen research working on the tumor
hypoxia and trying to discover new drugs and approaches to correct the tumor hypoxia like prodrugs activated
by hypoxia, hyperbaric oxygen, nanoparticles, oral oxygen therapy and finally hypoxia inducible factors
inhibitors like for example benzopyranyl 1,2,3-triazole, glyceollins and vorinostat.
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1) Introduction
1. Liver
1.1 Anatomy

1.1.1 Hepatic macrostructure

The liver is a large gland, and it is weight in the adult measures roughly 1851 g in males and 1591 g in females
[1, 2]. It is surrounded by a fibrous membrane known as Glisson’s capsule and occupies the area inferior to the

right and a portion of the left diaphragm [2]. Liver is very vascular more than any other organ as it takes up to
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25% of total cardiac output through dual blood supply which divided between the hepatic artery, that accounts
for 25% to 30% of the blood supply, and the portal vein, which is accounts for the remaining 70% to 75% and it
ultimately mixes within the hepatic sinusoids before draining into the systemic circulation via the hepatic
venous system [3].

1.1.2 Hepatic microstructure

Liver consists of hepatocytes which comprise of approximately 60% of the liver, Kupffer cells which are
phagocytic cells found on the walls of sinusoids, endothelial cells that line the walls of sinusoids and pit cells
which are a type of natural killer cell found in the liver [4].

1.2 Physiology and functions

1.2.1 Fat metabolism

Liver is responsible for the digestion of dietary fats trough producing bile salts that are essential for the
emulsification of the digested fats [4].

1.2.2 Ammonia detoxification

Liver is responsible for ammonia (NH3) detoxification which is produced by the degradation of plasma amino
acids and plasma proteins within the reticuloendothelial system by converting it to urea through a biochemical
process called the urea cycle [4].

1.2.3 Protein synthesis

Liver can make around 48 g of protein per day and the major protein synthesized is albumin, which is the
predominant cause of the oncotic pressure of blood and a major part of the blood [4].

1.2.4 Clotting factor synthesis

Liver is responsible for the synthesis of the clotting factors and their inhibitors and that’s why liver damage will

cause prolongation of the prothrombin time, which is used as a marker of the hepatic synthetic ability [4].

1.2.5 Carbohydrate metabolism

Liver plays a role in the regulation of blood glucose levels by the conversion of glucose to glycogen and vice
versa by two essential pathways which involves glucose uptake and release through liver [5].

1.2.6 Processing xenobiotics
Xenobiotic compounds like drugs for example enter the liver through either the hepatic artery or the portal vein
and they are metabolized in the liver either by detoxification or activation through two phase’s process; in phase
one, enzymes detoxify drugs by generating reactive chemical groups through oxidation, reduction, or
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hydroxylation and in phase two, other molecules are conjugated with these reactive chemical groups to facilitate

their ultimate elimination outside the body [5]. The conjugation pathway includes glucuronidation, sulfation,
and glutathione and amino acid conjugation [6].

2. Hepatocellular carcinoma
2.1 Epidemology

Hepatocellular carcinoma is considered the second common reason of death from cancer worldwide and the

fifth most common cancer in men and the ninth in women and it is the estimated to be responsible for around
745,000 deaths in 2012 due it is association with bad prognosis [7].

2.2 Risk factors



2.2.1 HBV

HBV can cause carcinogenesis by three different mechanisms either by a mutagenesis insertion with the
integration of the viral DNA into the host cancer genes or by causing promotion of genomic instability through
the activity of viral proteins and the integration of viral DNA into the host DNA or through affecting the cell
functions by the wild type and mutated viral proteins [8].

2.2.2 HCV

It induces carcinogenesis by oxidative damages, chronic liver inflammation, cirrhosis, DNA damage and

induction of cell proliferation through interaction of HCV proteins with host cell proteins [9].
2.2.3 Aflatoxin B1 (AFB1)

AFB1 is metabolized by the liver cytochrome P450 enzymes into the highly reactive AFB1-8, 9-epoxide, which
may either bind to the DNA to initiate mutations especially in the tumor suppressor gene p53 or binds to

proteins and cause acute toxicity (aflatoxicosis) [10].
2.2.4 Alcohol

Aldehydes generated from ethanol oxidation causes HCC formation through formation of DNA-adducts,
cirrhosis and activation of pathways that promote tumor cell proliferation, survival, loss of cell cycle
checkpoints, activation of oncogenes and immunosuppression [11].
2.2.5 Non-alcoholic steatohepatitis (NASH)
It resembles the alcoholic hepatitis in it is histological features but with a prominent fat deposition and storage
in the parenchymal cells of the liver which will promote inflammation, necrosis and increase the susceptibility
of the liver to the changes in adipokines, inflammatory cytokines, mitochondrial damage and elevated oxidative
stress that together will promote fatty liver, fibrosis and HCC [12].

2.2.6 Obesity

Obesity causes insulin resistance which is a predisposing factor for the development and progression of fatty
liver diseases like steatohepatitis [13, 14] and at the end liver fibrosis [15]. Increased body mass index (BMI)
above the normal ratio has been linked with HCC development. It was reported that there is a significant

relationship between BMI and HCC when the BMI is more than 30 [16].
2.2.7 Diabetes



A reported study in the United States explained the role of diabetes as a possible risk factor for HCC
development [17]. In another reported case control study, it was explained that the possibility of HCC
development in non-diabetic patients is half the possibility in the diabetic ones [18]. Diabetes is responsible for
more advanced liver tumors and responsible for the increase in the death rate at one year when compared to
non-diabetic HCC patients [19]. Data reported from geographical studies on the causes of HCC in the south of
Europe, demonstrated the role of diabetes and obesity as single causing agents for HCC or preferably as co-
factors [20].

2.3 Hepatocellular carcinoma diagnosis

The HCC diagnosis is depending on many factors like for example if the patient is presented with liver cirrhosis
and a liver mass more than 2 cm in diameter on the ultrasound there is a greater than 95% chance to develop
HCC [21].

Also, when the AFP level is more than 200ng/ml, in addition to the presence of radiology signs consistent with
HCC like for example hypervascularity which obtained on two different imaging methods such as Magnetic
Resonance Imaging (MRI) and Computerized Tomography (CT)), prove the diagnosis of HCC and with no
need for hepatic biopsy [22]. On the other hand, if the AFP level is less than 200ng/mL and there is not a
vascular characteristic profile seen during imaging then hepatic biopsy is needed to confirm the diagnosis.

Mass with a diameter range from 1-2cm needs liver biopsy to be done, regardless of the vascular profile [22].
However, Bruix et al highlighted that there is a technical difficulty of performing biopsy on small lesions and
this leads to different opinion on the biopsy results by clinical pathologists in differentiation between dysplasia
or pre-cancer and well-differentiated HCC. So, they recommended that these lesions should first be imaged with
two different imaging techniques before doing biopsy and only if the results are not characteristic for HCC [23].
Lesions which are smaller than 1cm in diameter and fail to be displayed on dynamic imaging are less likely to
be malignant, especially if there is no cirrhosis [24]. However, even tiny nodules can be transformed into
malignant ones over time [25, 26] so patients must follow-up with ultrasound every 3 to 6 months in order to
check for HCC development [23]. At the end when there is no increasing in the size over a period greater than

one to two years patients can return to the routine surveillance program [23].
2.4 Hepatocellular carcinoma molecular mechanisms

There has been a great interest in understanding the molecular mechanisms of HCC in order to develop newer

targeted therapies. It was reported that the Wnt B-catenin pathway activation is responsible for the one third of

HCC cases studied [27]. Also, it was found that up to thirty percent of the HCC known cases show an over-

expression of IGF2 (insulin-like growth factor 2) [28]. In addition to the previously mentioned over expression
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of the IGF2, there are reported genetic mutations in the IGF2 receptor appeared in over sixty percent of
dysplastic nodules found in the liver [29]. Fifty percent of the HCC patients experience activation of the
P13/Akt pathway and dysfunction of the Akt regulator, phosphatase and tensin homolog (PTEN) [30] which is
associated with worsened prognostic outcome [31]. Furthermore, the apoptotic pathways derangement has been

reported to be responsible for up to forty percent of HCC [32].
2.5 Surveillance

The main purpose of HCC screening is the early discovering of the HCC in order to provide the patients with a
better survival rate. The worldwide recommended guidelines for the surveillance of HCC depends on using the
ultrasound every 6 months with or without serum AFP levels [22, 23]. Patients at great risk for developing HCC
like for example patients with cirrhosis due to HBV, HCV, alcohol and primary biliary cirrhosis (PBC) must be
included in the HCC surveillance program along with chronic hepatitis B carriers depending on viral DNA load,

race and age [23].
2.6 Staging methods for hepatocellular carcinoma

Depending on the analysis of various previous HCC studies, the Barcelona-Clinic Liver Cancer (BCLC) staging
system was made and incorporated in patients with early, intermediate, and advanced terminal disease [33]. The
BCLC system explains the variables related to the prognosis in every group [33] and it is the widely most
accepted staging system for HCC currently [34, 35, 36, 37].

In contrast to other staging systems, the previously mentioned staging system recommends both treatment
modalities and gives the physician clear view about the prognostic outcomes. Patients are classified into
different four groups: early, intermediate, advanced, and end-stage depending on Child-Pugh (CP) scores.
Patients with class A and B or those with only one lesion or up to 3 lesions with a size equal to 3 cm are
considered as having early-stage disease. In these cases, the recommended therapy includes either liver section
(LR), liver transplantation (LT) or radiofrequency ablation (RFA) which gives the patient a five-year survival
rate. Intermediate stage disease contains those with CP score A, B and those with large and /or multifocal HCC
without the presences of cancer symptoms, macrovascular invasion or extra-hepatic spread. The survival time
without treatment at 3 years will not exceeds fifty percent and therefore the best treatment for these patients is
transarterial chemoembolisation (TACE). While advanced stage disease in which there are cancer symptoms,
vascular invasion and/or extrahepatic spread, the predicted survival at 1 year is 50%, and thus these patients are
considered as candidates for new therapeutic clinical trials. Furthermore, Patients with a CP score of C where
extensive tumors are present are thought to have an end-stage disease [36] and the symptoms relive mediated
treatment is the best option for those patients because the median survival time for them is less than 3 months.
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2.7 Treatment modalities

2.7.1 Liver resection

Hepatic resection is the only curative treatment for HCC and back in the 1980s the mortality rate of liver
resection was 10% but due to the early diagnosis, better patient selection, good preoperative and postoperative
management, advanced surgical technique and development of new technologies has allowed us to obtain a
lower mortality and morbidity rate [38].

2.7.2 Transcatheter arterial chemoembolization (TACE)

It benefits from the liver cancer preferential blood supply to deliver standard chemotherapy and embolic
material selectively to the tumor vascular bed while saving the near hepatic parenchyma and it has been shown
to have a good survival benefit for patients with intermediate and advanced HCC [39].

2.7.3 Portal vein embolization (PVE)

Patients with liver fibrosis or cirrhosis who undergo major liver resection can experience a sudden increase in
the venous portal pressure and insufficient functional remnant of liver both of which will increase postoperative
morbidity and mortality, so PVE has been massively used to increase the volume of the future liver reserve and
cause liver atrophy to be easily resected [40].

2.7.4 Local ablative therapy

Local ablation is used for patients with small HCC node limited to the liver and can’t undergo liver resection
due to compromised hepatic function and it can be chemically done using ethanol and acetic acid or thermally

by radiofrequency, microwaves, cryoablation, lasers and ultrasound [41].

2.7.5 Radiotherapy

It is use has been limited as a therapeutic choice and it does not play a major role in the context of liver cancer
treatment due to the limited ability of the surrounding healthy cells of the liver parenchyma to survive the high
doses of radiation required for controlling the tumor locally beside the therapeutic window of radiation therapy
[42].

2.7.6 Sorafenib



Sorafenib is a small molecule which work as a multityrosine kinase inhibitor which inhibits both the tumor-cell
proliferation and the tumor angiogenesis, and it is the only drug that have showed survival benefits in patients
with advanced liver carcinoma [43]. Sorafenib has increased the survival rate to 10.7 months compared to the
placebo group which showed only a survival rate near 7.9 months, and it is only prescribed for patients with
adequate liver function and advanced disease [43].

2.7.7 Liver transplantation

Liver transplantation (LT) is considered as an effective therapy for liver cancer especially in patients with
decompensated liver function and advanced disease however, there is an aroused attention about the high risk of
the tumor recurrence and the poor survival rate after the surgery [44] moreover, a few number of the patients
can have liver transplantation surgery even when they need it because there is a shortage of the donors which

does not cope with the worldwide needs and that makes the waiting lists very long worldwide[45].

3. Hypoxia
3.1 Brief background

Oxygen consumption is required for energy production in the form of adenosine triphosphate (ATP) in an
efficient way for each individual cell. Therefore, and in order to maintain the metabolic homeostasis in case of
oxygen deficiency the eukaryotic organisms have developed different mechanisms to adapt to the changes in O,

levels in their environment. Activation of the hypoxia inducible factor (HIF) is considered the major pathway in
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regulating the response of the cell to the low O, tensions and it was early characterized and identified by the
Semenza and Wang in 1992 [46]. Under normal oxygen levels the HIF-a is hydroxylated by oxygen-dependent
prolyl hydroxylases (PHD) and causing ubiquitination by the von Hippel-Lindau protein (pVHL) E3 ligase
complex which will finally result in HIF-o proteasomal degradation [47]. Under hypoxic and low oxygen
tension conditions the pVHL binding is terminated and the oxygen-dependant a-subunit (HIF-1a or HIF-2a) is
stabilized and heterodimerizes with the normally expressed HIF-1p [48, 49, 47]. The HIF-1a/p heterodimer is
then recruited to the hypoxia response element and activates the target genes expression involved in
vascularization, energy metabolism, cell migration and glucose transport, to adapt to low oxygen tension
conditions [50].

3.2 Physioolgical hypoxia

The oxygen tension in the normal tissues is usually kept at 3—7% oxygen while the oxygen tension level in the
physiological hypoxia will be normally around the range of 2—6% oxygen and at this oxygen level the tissues
will respond in order to maintain their preferred oxygen level by many physiological means like for example

vasodilation, increasing blood flow and upregulation of hypoxia response genes [51].
3.3 Tumor hypoxia

Hypoxia is very common in many of the solid tumors, including hepatocellular carcinoma. Hypoxic HCC
microenvironment is characterized by high level of HIF-1 which will cause tumor progression, induce radiation
and chemotherapy resistance, enhanced proliferation and survival of HCC cells [52]. The uncontrolled
oncogene mediated cancer cell proliferation leads to the exhaustion of the nutrients and oxygen from the normal
vasculature and will finally cause the cells to be hypoxic. Finally, this hypoxic condition will cause the
overproduction of the angiogenesis mediated factors from the hypoxic tumor sites, which will eventually cause
the vascularization of the tumor mass [53]. Tumor hypoxia will increase the genetic instability, disease

progression, cancer metastasis and inhibit the tumor response to cytotoxic and targeted therapies [54].

3.3.1 Tumor hypoxia and angiogenesis

Angiogenesis is a growth factor dependent process which is stimulated by hypoxia where new blood vessels are
formed from the preexisting ones also angiogenesis is critical for tissue repair [55]. HIF-1 is one of the well-
studied stimuli for inducing angiogenesis and the expression of a number of genes, including vascular
endothelial growth factor (VEGF), in a variety of tissues [56]. VEGF is mostly associated with angiogenesis
and vascular permeability [57]. HIF-1 stimulates VEGF and its receptor VEGF-R2 expression in the



endothelium, regulating an autocrine VEGF signaling loop that is critical for endothelial cell survival,
proliferation, migration, and tube formation [58].

3.3.2 Tumor hypoxia and metabolism

Under hypoxic settings, HIF-1 has been found to directly regulate the genes of numerous enzymes involved in
the cellular import and conversion of glucose, resulting in an increase in the cell's glycolytic activity (anaerobic
glycolysis) [59]. This distinct metabolic profile confers numerous selective advantages to cancer cells, including
adaptation to hypoxia, resistance to mitochondria-mediated apoptosis, and acidification of the tumour
microenvironment, which leads to increased tumour invasion and metastasis [60]. HIF-1 stabilization has long
been known to induce transcription of the pyruvate dehydrogenase kinase genes 1 and 3 and these kinases
phosphorylate and inactivate the E1 subunit of pyruvate dehydrogenase, preventing pyruvate from entering the
tricarboxylic acid (TCA) cycle and reducing mitochondrial oxygen consumption while increasing cellular
pyruvate levels [61]. The stabilisation of HIF-1 has been shown to cause a generic increase in transcript and
protein levels for glycolytic enzymes to ensure adequate flux through the pathway, and it has been demonstrated
that most glycolytic enzymes are inherently over-expressed in 70% of human cancers, with the most prevalent
glucose transporter isoforms GLUT1 and GLUT 3 expressed under hypoxic conditions [62].

3.3.3 Tumor hypoxia and acidosis

The glycolytic pathway implies excessive proton production, which, if retained within the cells, would result in
fatal intracellular acidosis; however, malignant cells solve this problem by increasing proton transport
mechanisms, which expel the excess acidity and this mechanism allows cancer cells to maintain a normal
intracellular pH or even overshoot this mechanism, allowing for a slightly alkaline intracellular tensile strength.
[63]. Clinical studies have revealed that tumors in an acidic environment have a worse prognosis and a higher

metastatic incidence, as well as increased mutation rates and resistance to chemotherapy and radiotherapy [64].

3.3.4 Tumor hypoxia and cell proliferation

HIF-1 has been shown to stimulate the production of growth factors such as TGF-, insulin-like growth factor 2,
interleukin-6 (IL-6), interleukin-8, macrophage migration inhibitory factor (MIF), and growth factor receptors
such as the epidermal growth factor receptor (EGFR), resulting in continuous proliferative signaling [65]. C-
Myc is a cell cycle regulator and oncogene, and HIF-2 can increase c-Myc activity and promote cell cycle
progression [66].
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3.3.5 Tumor hypoxia and metastasis

It has previously been demonstrated that hypoxic cells are more aggressive and invasive, with a greater ability
to metastasize [67]. Hypoxia facilitated HCC cell migration, invasion, and distant pulmonary metastasis [68].
Hypoxia/HIF-1 has previously been shown to regulate the expression of metalloproteases such as matrix
metalloprotease-1 (MMP1) and MMP3 in order to promote metastasis [69]. Cancer cells could continue to
redesign the vessels to gain access by secreting the HIF-1-regulated metalloproteinases MMP1 and MMP2 [70].
3.3.6 Tumor hypoxia and radioresistance

Cancerous cells can stay alive in hypoxic environments and play an essential part in cancer cell radioresistance
[71]. Radioresistance manifests in oxygen <10 mmHg and becomes maximal around 0.5 mmHg [72]. The 02
impact is frequently measured using the oxygen enhancement ratio (OER), which is the ratio of dosage
necessary to attain the very same biological effect under hypoxic and oxic circumstances [73]. lonizing
radiation (IR) causes DNA double-strand breaks (DSBs), DNA single-strand breaks (SSBs), DNA base damage,
and DNA-DNA and DNA-—protein crosslinks under normoxic conditions (DPCs) [74] while inadequate amount
of O2 in the tumor cells environment may result in ionizing radiation—induced harm that can be fixed and
normal cellular function regained [75].

3.3.7 Tumor hypoxia and chemotherapy resistance

Multidrug resistance (MDR) is a primary cause of chemotherapy-based therapeutic failure [76]. In response to
hypoxia, HIF-1 can trigger the multidrug resistance 1 (MDR1) gene, which encodes for the membrane-resident
P-glycoprotein (P-gp), which belongs to a group of ATP-binding cassette (ABC) transporters that can reduce
the intracellular levels of a variety of chemotherapeutic agents [77]. Hypoxia can also produce chemoresistance
by regulating the ATP-binding cassette subfamily G member 2 (ABCG2), which is one of the key multidrug-

resistance transporters [78].

4. Hypoxia as a therapy target
4.1 Prodrugs activated by hypoxia

Cancer cell hypoxia is a primary cause of therapy failure in a wide range of cancers. Hypoxia, on the other
hand, provides therapy prospects, as evidenced by the development of new drugs that address hypoxic areas

within tumors [79]. The production of hypoxia activated prodrugs (HAPS), which include chemical constituents
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that are metabolized by enzymatic reduction, is a potential technique for targeting hypoxic malignancies [80].
Hypoxia-activated prodrugs are deactivated or disguised cytotoxins that undergo biotransformation after
reductive metabolism by intrinsic human cellular oxidoreductases, a mechanism that is normally blocked by 02,

hence conferring selectivity for the hypoxic tumor environment [81].
4.2 Hyperbaric oxygen

The use of oxygen under increased atmospheric pressure, that is, at a pressure greater than the pressure found on
the earth's surface at sea level, which is defined as 1 atm, is known as hyperbaric oxygen treatment (HBO) [82].
HBO therapy has been used for millennia to treat or alleviate illnesses involving hypoxia and ischemia by
increasing the quantity of dissolved oxygen in the plasma and hence improving O2 delivery to the cells [83].
HBO can raise the concentrations and pressure of oxygen in the blood, as well as the pace and distance of
oxygen diffusion in tissues, reducing hypoxia and boosting oxygen levels in the cancer cells, resulting in
improved susceptibility to chemo- and radiotherapy [84]. HBO coupled with sorafenib causes synergistic
inhibitory effect on cell growth and death in hepatoma cells, indicating that HBO coupled with sorafenib might
be used to treat HCC patients [84].

4.3 Manganese dioxide nanoparticles

Hypoxia and high cancer cell proliferation generate an excess of reactive oxygen species (ROS), such as
hydrogen peroxide (H202), which increases mutagenesis, spread of cancer cells, angiogenesis, and resistance to
treatments, all of which contribute to therapeutic failure [85]. The high reactivity of manganese dioxide
nanoparticles (MnO2 NPs) toward H202 allows for constant synthesis of 02, pH modulation, and efficient
cancer hypoxia reduction by targeted administration of MnO2NPs to hypoxia [86]. MnO2 nanoparticles are
used for continuous and localized synthesis of molecular O2 in cancers to alter the tumor microenvironment
(TME) and improve radiation effectiveness, since the efficacy of radiation is significantly dependent on the

relative level of oxygen in the cancer at the moment of irradiation [87].

4.4 Sliver Nanoparticles

Sliver nanoparticles (AgNPs) which has been used before as broad-spectrum antimicrobial agent and was found
to act as anticancer agent as AgNPs act by inhibiting the function of HIF-1a in cells under hypoxic conditions,

leading to the downregulation of VEGF-A and GLUT1 and inhibition of angiogenesis impaired glucose
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metabolism and thus cannot meet the energy demand of the tumor cells and eventually cause tumor cell death
[88].

4.5 Oral oxygen therapy

Eble M et al outlined the idea of oral oxygen treatment, indicating that oral administration of oxygen-enriched
water enhanced the dissolved quantity of oxygen in blood in patients with head and neck carcinomas [89]. It
was also reported by El-Boreay M that administration of oxygenated water which is freshly prepared water rich
with oxygen increased the efficacy of the anticancer drug doxorubicin against hepatocellular carcinoma

compared to the efficacy of doxorubicin alone [90].
4.6 HIF-1lo/HIF-20 inhibitors

It's now widely recognized that most solid tumors contain significant portion of hypoxic area, and it is also well
known that hypoxia render the tumor more aggressive, metastatic and resistant to both chemotherapy and
radiotherapy, but it also exploits the hypoxic tumor microenviroment to develop targeted therapy for cancers

like HIF-10/HIF-2a inhibitors [91] and here we are going to list several of them in the following lines.

4.6.1 Benzopyranyl 1,2,3-triazole

It is a brand-new chemotherapeutic agent which is reported to cause HIF-1 inhibition through increasing it is
hydroxylation and proteasomal degradation and it is also decrease the expression of the VEGF and angiogenesis

in a dose dependent way [92].
4.6.2 BIX-01294 (diazepin-quinazolin-amine derivative)

BilX-01294 has been shown to reduce HIF-1 expression in HepG2 hepatocellular carcinoma cells by boosting
PHD2 and pVHL expression, hence decreasing HIF-1 stability [93].

4.6.3 Glyceollins

They are members of the phytoalexins group which are de novo synthesized in the soybean in response to
microbial invasion and chemical stressing [91]. Glyceollins reported to cause inhibition of the VEGF expression
through regulating the HIF-1a and this is done through two pathways either through blocking HIF-1a
translation via blocking the PI3BK/AKT/mTOR pathway under hypoxic conditions or through decreasing the
Hsp90 binding activity and therefore decreasing the HIF-1a stability [94, 95].

46.4 IDF-11774

Is an aryloxyacetylaminobenzoic acid analogue it exhibits it is anticancer activity through increasing the
expression of VHL which will result in the inhibition of the HIF-1o accumulation and through inhibiting the

expression of the mRNA of the hypoxia targeted genes like VEFGF and EOP [96, 97].
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4.6.5 Vorinostat

It is known as suberoylanilide hydroxamic acid and it is having dual action as anti HIF-1/HIF-2 activity and it
is shown anti-tumor action against HCC in both in vivo and in vitro [98]. It is exhibits it is action through
inhibiting the HIF-1/2 stabilization by direct acetylation of heat shock protein 90 and by increasing the HIF-1/2
degradation through a ubiquitin-based mechanism [99].

4.6.6 PT2385and PT2399

They are selectively HIF-2a inhibitors through inhibiting it is dimerization with HIF-1p and it showed to be

effective in renal cell carcinoma with good safety profile [100].

11) Conclusion

Liver is the largest gland, and it is consisted mainly of hepatocytes which are the liver parenchymal cells and
account for around 60% of the liver. Liver is responsible for many functions like protein synthesis and drug
detoxification and carbohydrate metabolism. Hepatocellular carcinoma is a major liver disease, and it causes

around 745,000 in 2012 due it is association with poor prognosis. It can be induced by HBV, HCV, aflatoxin
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B1, diabetes, obesity and alcohol. Hepatocellular carcinoma is diagnosed by measuring the serum alpha
fetoprotein with radiological features like hypervascularity. Hepatocarcinogenesis happen due to the promotion
of the Wnt B-catenin pathway, mutations in the IGF2 receptor, activation of the P13/Akt pathway, impairment
of the Akt regulator and the derangement of apoptotic pathways. It can be staged using the CP score into class
A, B and C which is the end stage disease, and it is characterized by extensive tumor invasion and only
symptomatic treatment is provided for them. The treatment modalities for HCC vary from liver resection which
is useful only in the early stage, TACE which is useful for the intermediate and advanced cases, PVE, local
ablative therapy, radiotherapy, Sorafenib which work by inhibiting the cell proliferation and angiogenesis and
the last one is the liver transplantation which is the best choice for the decompensated liver cirrhosis patient.
Most solid tumors like HCC contain substantial area of hypoxia due to the rapid proliferation rate of the cancer
cells and the inadequate blood supply which don’t match this proliferation rate that led to the deficiency of
oxygen and nutrition and finally hypoxia and it is considered as a poor prognostic factor of cancer which means
that the severe the hypoxia the more aggressive the cancer and finally the low survival rate. Hypoxia mediate it
is effect through the HIF-1a, HIF-20 and HIF-3a but the most prominent one is the HIF-1o as it is the
responsible one for the deleterious effect of the hypoxia as it causes the stimulation of the angiogenesis by
increasing the expression of the VEGF. It also causes the over expression of the dehydrogenase kinase genes 1
and 3 and the glycolytic enzymes like GLUT1 and GLUT3 which lead to the shifting from the aerobic
respiration to the anaerobic glycolysis that will lead in the end to the resistance of the mitochondria-mediated
apoptosis and acidification of the tumor microenvironment leading to increased tumor invasion and metastasis.
It was also reported that HIF-1a stimulates the cell proliferation of the cancer cells through increasing the
production of the TGF-B, IGF-2, IL-6, IL-8 and EGFR while HIF-2a c-Myc activity and promote cell cycle
progression. On the other hand, HIF-1a enhance metastasis through the over expression of the MMP-1 and MMP-3.
Hypoxia enhance the chemotherapy and radiotherapy resistance through the over expression of the MDR1 and gene
which encodes for the membrane-resident P-glycoprotein that accountable for the drug efflux outside the cancer
cell which result in chemotherapy resistance and the lack of oxygen decreases the efficacy of the radiotherapy
which lead to radiotherapy resistance. As being explained earlier hypoxia causes the cancer to be more
aggressive and more resistance to therapy but it on the other hand offers a great opportunity as a therapy target
with great specificity to the cancer cell only without harming the normal one and this is a great advantage as
many anticancer drugs has low safety profile and the patient may suffer more from the side effects of the drug
than the disease itself. One of the methods to target cancer hypoxia is developing a prodrug which only will be
activated under hypoxic conditions by cellular oxidoreductases, another method is the hyperbaric oxygen which

depend on the usage of oxygen under high pressure mainly higher than the atmospheric pressure which is
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defined to be 1 atm and it was found that using the HBO along with the sorafenib resulted in synergistic growth
inhibition and apoptosis in hepatoma cells. Manganese dioxide nanoparticles is another method for targeting
cancer hypoxia originated from the principle that tumor microenvironment has high levels of H,O,and the high
reactivity of the MnO, NPs towards it which will results in release of pure oxygen inside the hypoxic area of the
tumor which will enhance the radiotherapy efficacy while on the other hand sliver nanoparticles (AgNPs) act by
inhibiting the function of HIF-1a in cells under hypoxic conditions, leading to the downregulation of VEGF-A
and GLUT1 and finally the tumor cell death. Oral oxygen therapy is another attempt for the correction of the
tumor hypoxia, and it depend on administration of drinking water highly saturated with oxygen and it can be
used either alone or along with other anti-cancer drugs to increase their efficacy as correction of the hypoxia
increase the activity of the chemotherapeutic agents. Finally, HIF-1o/HIF-2a inhibitors are small molecules
designed to block the effect of the HIF-10/HIF-2a and as a result will block the deleterious effect of the cancer
hypoxia and enhancing both the chemotherapy and radiotherapy activity. Those inhibitors can work by
increasing the degradation of the HIF-1, decrease the expression of HIF-1, interfering with the Hsp90 binding
activity, the expression of the mRNA of the hypoxia targeted genes like VEFGF and EOP and by inhibiting it is
dimerization with HIF-1p which in the end will lead to better prognosis and better treatment outcome.
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