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ABSTRACT 

This review brings into view the prognosis attributable to glioblastoma (GBM) and resistance to 

treatment, surgical interventions and chemotherapy seem ineffective at procuring a better prognosis 

for patients with the disease. Albeit there exist varying interventions for GBM, the median survival 

still comes to 12 to 15 months for afflicted patients, this has aroused the need for improvement in 
treatment success The principal goal is to create a better prognosis and have a decline in treatment 

resistance invariably leading to better survival rates via adequate treatment for GBM. A relationship 

exists between HOX genes (homeobox genes) and glioblastoma as is evident from literature. 

Treatment resistance has been observed in overexpression of HOX genes, the effectiveness of 
treatment could result from silencing these genes A series of studies have highlighted the role that 

HOX genes play in glioblastoma prognosis. Promotion of human glioblastoma initiation, 

aggressiveness, and resistance to Temozolomide has been associated with HOXA9 as shown by Pojo 
et al. The role of HOX gene expression in cancer stem cells should be studied as it could provide a 

means of designing CSC-targeted therapies, as CSCs play a part in initiation and progression of solid 

tumors. 

Keywords: HOXA Gene- Homeobox genes cluster, GBM- Glioblastoma, temozolomide, signaling 
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Introduction 

Glioblastoma (GBM), a type of astrocytic tumor, is a 

frequent and deadly type of brain tumor, that originate from 

astrocytes.
1
 Astrocytoma, oligodendrogliomas and 

ependymomas are other subgroups to these tumors.
2
 

Classification of GBM by The world health organization 

(WHO) is through a series of grades. The first grade is 

characterized by lesions with a low rate of proliferation, 

surgical intervention is the usual treatment modality,
1
 and 

grade two, three, and four, however, are considered highly 

aggressive and invasive thus, needing more interventions in 

addition to surgery.  Glioblastoma can be considered a rare 

type of tumor, its incident rate is approximately 10 per 

100,00 people, it is a major health issue because of its 

abysmal prognosis and small rate of survival.
3
 The tumor 

can occur in any age group with the greatest probability of 

development between 50 to 60 years,
1,4,5

 a higher incidence 

is seen more in males than in females.
3
 Glioblastoma lower 

prevalence is seen in those of African descent, higher 

incidents are more in Caucasians, Latinos, and Asians.
6 
  

A huge cause of concern is identifying the carcinogenic 

causes of malignant growth.
1
 Albeit, exposure to ionizing 

radiation and harmful substances, are risk factors that have 

been validated to be attributable to GBM.
7
 There is 

evidence suggesting that this substance increases the 

chances of developing glioblastoma. 

Salvati et al 2003, found that more than 116 occurrences of 

glioblastoma are as a direct result of radiation presentation,
8
 

these discoveries were likewise reflected in instances of 

radiation treatment for leukemia. Diet and way of life 

decisions still can't seem to be related to an expanded 

danger of glioblastoma. Hereditary hazard factors still can't 

seem to be affirmed, with only 5 to 10 % of glioblastoma 

cases having been seen in family cases.
9
 However, links 

have been made between some diseases, for example, 

neurofibromatosis and more noteworthy occurrence of 

glioblastoma.
9,10

 Supratentorial regions of the cerebral 

hemispheres are the areas were development regularly 

occurs,
1
 the spinal cord and brainstem could likewise be 

afflicted.
11

 Growth happens in the white matter and is 

comprised of a solitary developing and multiplying lesion.
12

 

The vascular endothelial cells frequently take on a 

glomeruloid like structure, different attributes are 

astrocytoma like with single-core cell and undifferentiated 

with mitotic characteristics.
2,12

 

There is raised intracranial pressure causing mild edema 

and a move in cerebrum contents,
1
 bringing about 
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manifestations with the spontaneous onset, for example, 

serious headaches accompanied by vomiting; which is one 

of the prime presentations seen in patients with 

Glioblastoma. Furthermore, neurocognitive deficiencies 

could be present, brain cell necrosis which results from the 

mass with great invasiveness, such deficits include 

weakened vision or hearing and memory disturbances. 

Seizures could also be present.
13 

This survey aims at 

examining HOX qualities and their implications in 

resistance to treatment and the abysmal prognosis 

associated with the disease. 

 

Discussion 

Disparity still exists in treatment success in glioblastoma, 

although there have been advances in treatment modalities, 

which is in part as a result of features of the disease and 

localization of the growths, features of which are 

surrounded around excessive growth.
1,14

 Surgical resection 

is the primary course of treatment and is usually the first 

intervention modality that is used, it is majorly dependent 

on the grade of the tumor and level of localization, due to 

this there are limited cases of complete tumor removal.
6
 

Relapse is almost inevitable in cases were partial removal 

was carried out, a number as high as 87% has been 

observed, it goes without saying that surgical procedures 

need to be followed by a course of either chemotherapy or 

radiotherapy. Forms of radiotherapy such as brachytherapy, 

stereotactic radiosurgery, and hyper-fractionated 

radiotherapy have been found to be useful in clearing the 

remaining tumor cells, these however have side effects that 

a largely undesirable which would include but not limited 

to neuronal damage induced by radiation and radiation 

necrosis.
1
 Chemotherapeutic specialists, for example, 

Temozolomide (TMZ) and carmustine are normally 

employed.
15

 These substances are anyway profoundly 

cytotoxic, patients will in general form a protection from 

the treatment which causes relapse.
16

 By repressing repair 

of DNA in cells, TMZ brings about apoptosis of the cells, it 

is the most widely recognized chemotherapeutic agent.
17

 

GBM cell lines, oppose the therapeutic advantages of TMZ, 

for the most part, because of the high methyl guanine 

methyltransferase, a protein utilized for the repair of 

DNA.
18

 Very high mortality rates are still the status quo, in 

spite of new improvements in treatment with 12 to 15 

months being the median rate of survival.
19

 

There exists various explanations behind the poor prognosis 

and high recurrence of cases, one of such is treatment 

resistance, some line of contentions from studies is "cancer 

stem cell" speculations. There are alterations on a  

molecular level that can prompt GBM, epidermal 

development factor receptor quality transformation is a 

significant hallmark that was found, intensification, and 

importantly expression.
5
 An increase in the quantity of sub-

atomic examinations, for example. The "undeveloped cell 

hypothesis" of GBM was placed in play by means of 

knowledge made accessible by atomic pathogenesis. The 

hypothesis argues that glioma undeveloped cells exist 

inside this cell prompting quick proliferation,
20

 because of 

the pluripotency of these cells, they have been perceived to 

be engaged with early-stage improvement, subsequently 

implicated in the oncogenesis of GMB which are known as 

Homeobox genes. 

 

Homeobox Genes 

A series of the group of genes that are fundamental 

regulators controlling the scope of cell activities including 

apoptosis, separation, motility, and angiogenesis, are 

Homeobox Genes. 
21 

 

A group from the homeobox genes, HOXA, has been 

implicated in the pathology of glioblastoma, stemming 

from their contribution to cell differentiation. These genes 

act as regulatory transcription factors during 

embryogenesis.
22

 During embryogenesis, the development 

of the anterior and posterior axis, are attributable to a 

transcription factor, Homeo-proteins. They can enhance or 

diminish their target genes.
22

 It has been seen that HOXA 

genes are either up or down-regulated in GBM, the 

aggressiveness of the tumor and its location determine the 

expressiveness, which varies.
22

 Moreover the 

transcriptional elements of HOXA qualities 

notwithstanding them upregulated in malignant growth 

cells, they additionally repress signaling pathways 

consequently going about as transcriptional repressors. This 

offers insight into the idea that over and underexpression of 

these genes is very significant in the comprehension of 

GBM oncogenesis.  

At times, HOX genes have been demonstrated to be 

oncogenes as demonstrated by previous studies.
23

 It has 

been seen as evident from a couple of studies the 

significance of HOX genes in handling resistance to 

treatment, these genes have an immediate relationship to 

treatment failure  and poor prognosis.
24

 

 

 

Figure 1. A and B shows western blot analysis found an abnormal 

upregulation of HOXA9, HOXA10, HOXA11, and HOXA13 in 

different grade glioma cells and increased HOTTIP transcriptions 
level.29 
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Figure 2. Showing HOXA9 AND HOXA10 as the main genes and 
resistance to Temozolomide due to their self-renewal signature 

The role played by HOX genes in the prognosis of 

glioblastoma has been featured in a series of studies. Pojo et 

al contend that HOXA9 drives human glioblastoma 

initiation, aggressiveness, and protection from 

Temozolomide.
25

 The HOX genes are important in post 

developmental regulation and in embryogenesis similarly as 

earlier stated,
26

 as they are engaged in the differentiation of 

cells. Changes of any sort to these genes contend Goncalves 

et al would offer ascent to tumorigenesis in human adults, 

which we see plainly from the report presented by this 

investigation that HOXA9 regulation is basic for the 

reduction in tumor and viability of treatment.
27

 Four cell 

lines were obtained from the American Type Culture 

Collection, two human glioblastoma cells U87MG and 

U251MG were broken down through a series of 

microarrays and gene expression. To activate HOXA9 

overexpression in U87MG, the cell line was infused with 

Murine immature microorganism infection, the cell line 

was then separated in HOXA9 low versus high. 

Overexpression in HOXA9 as shown by Goncalves et al 

results in aggressiveness within the cell lines, as well as 

increased proliferation and invasion.
27

 However when 

HOXA9 silencing was done no proliferation was seen and 

there was a decrease in the size of the cell lines. It can, in 

this way, be recommended that HOXA9 silencing is 

essential in decreasing tumor size as shown in this study, in 

addition to current treatment modalities.  

A comparison was made between healthy cells and glioma 

cells by costa et al, and they found no proof that healthy 

cells expressed HOXA9, this might paint HOXA9 as a 

prognostic biomarker.
23

 Moreover, these expressions were 

for the most part obvious in grade 3 to 4 tumor cells. This 

further lays accentuation on the idea that HOXA 

expressions are implicated in tumors that are dangerous and 

progressively intrusive, again expression was not steady in 

second rate tumors. Moreover, the discovery which can be 

utilized to foresee the evaluation of GBM relying upon 

expression can be utilized to decide the progress of the 

tumors.  

A relationship between poor clinical results and HOXA9 

was made by the proof Costa et al provided.
23

 As earlier 

stated, one of the fundamental expressed genes found by 

Costa et al was HOXA9, the expression of this gene gave 

rise to low endurance rates 9 weeks when contrasted with 

53 weeks of less expressed genes.
23

 This stresses the idea of 

HOXA genes, providing prognostic prediction as well as a 

biological marker, in this case, HOXA9. A comparison 

couldn't be made with expression noted during embryonic 

development as Costa noticed the attributes of this 

expression, which was portrayed as "aberrant".
23

 Abnormal 

or erroneous expression of these genes have likewise been 

associated with outcome prediction. Restraint of the p13k 

pathway was advantageous in improving clinical results and 

lessening treatment opposition, as it switches bizarre 

transcription of HOXA9 expression.  

The role played by signaling pathways in HOXA genes, as 

well as the inclusion of expression regulators, for example, 

RNA. This affiliation was found recently by Quaglaita et al 

in liver disease, they found that the genomic area of 

lncRNA HOTTIP (long non-coding RNA's) was personally 

identified with HOXA13.
28

 Increased expansion inside the 

malignant cell was seen when overexpression of lncRNA’s 

occurred. In patients with hepatocellular carcinoma, the 

clinical result was predicted by lncRNA HIT (HOXA 

transcript prompted by TGFβ).
28

 A decent handle of the 

different parts that add to proliferative impacts of HOXA 

expression will help recognize biomarkers that are explicit 

to glioma stages, furthermore, visualization will be 

improved in these patients if the dismissal of hostile to 

malignant growth agents is understood,
29

 as previously 

mentioned, early recognition (stage 1 ) is directly 

proportional to a higher level of recession success. Analysis 

of western smear by Duan et al., prompted discoveries of 

variant upregulation of HOXA9, HOXA10, HOXA11, and 

HOXA13 in various evaluation glioma cells (Figure 1A.)
29

 

The job of mRNA, HOTTIP and HOXA genes were 

additionally researched through qPCR. It was found that 

increased expression is directly proportional to increasing 

glioblastoma grades.
29

 Furthermore, high-grade gliomas 

additionally had an increased HOTTIP transcription level 

(Figure 1B). HOXA13 was additionally examined to 

foresee clinical progression and check by and large 

survival,
29

 Using Kaplan-Maier analysis Duan et al., found 

a conversely corresponding connection between HOXA13 

expression and overall survival,
29

 recommending an ascent 

to molecular prognostic and diagnostic tools. Although the 

fundamental pathology of HOXA gene in malignant growth 

development and progression has not been completely 

researched past their molecular contributions, Duan et al 

anyway distinguished likely genes related with HOXA13 

expression in glioma cells.
29

 Overlap of genes were found 

inside the Rembrandt glioma samples and CGGA and 

TCGA when they were examined. To recognize the 

overlapping genes, an analysis was made utilizing the 

KEGG pathway, it was seen that genes in a pathway 

distinguished as a harmful one were found, the Wnt 

signaling pathway. This proposes TGF-b and Wnt signaling 

add to the abrasiveness of HOXA13 and advanced 

intrusiveness. Expressing HOXA13 activates genes 

arranged in these pathways; this was demonstrated by 

means of Gene set enrichment analysis, focusing on the job 

of signaling pathways in glioma progression.  

Li et al gave additional proof, researched lncRNA-

HOTAIRM1, which was interpreted from HOXA1 
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antisense.
30

 Expression of HOTAIRM1 by various grades 

of glioma cells inside A172 and U87 was contemplated, 

expression was likewise contrasted with healthy brain 

tissues.
30

 They discovered HOTAIRMI expression basically 

in high-grade glioma and nothing in healthy tissues, 

proposing the role of HOXA genes/HOXA segments as 

valuable prognostic and diagnostic biomarkers.
30

 Similar 

outcomes were found in Li et al and Duan with the level of 

expression corresponding with grade malignancy.
29,30

 As 

expression essentially increased in grade 4 tissues.
30

 Levels 

of expression were connected with age and sex, to 

additionally distinguish expression as a principle threat 

indicator, however, no significance was found. To 

comprehend the impacts of HOTAIRM in glioma cells,
30

 

diminished expressions through RNA impedance. It was 

uncovered by means of examining the CCK8 and BrdU cell 

proliferation assay, that tumor development and 

proliferation was reduced inside the cells, this knockdown 

additionally raised apoptosis inside these cell lines.
30

 A 

decrease in proliferation and glioma cells was observed 

following the introduction of lentivirus and shHOTAIRM1 

(RNA meddled in these cell lines, this was apparent in vivo 

xenograft test. Treatment obstruction can be incredibly 

decreased by executing this finding.
24

  

There is a resistance to Temozolomide, a chemotherapeutic 

intervention, as prior expressed this is because of the basic 

molecular resistance in PI3-kinase interceded stem cell, 

which is accompanied by an overexpressed DNA repair 

enzyme MGMT. Prompted cytotoxicity of MGMT is 

important for ideal usefulness of Temozolomide, on 

account of decreased functional repair of the protein.
24

 

Silencing of gene promoters, for example, HOXA genes, is 

one of the advantages of diminishing MGMT. HOXA genes 

are embroiled in differentiation meaning there is a decrease 

in apoptosis accordingly promoting tumor growth.
24

 

HOXA9 and HOXA 10 were found by Gaspar et al found 

as the significant genes answerable for resistance built to 

Temozolomide owing to a great extent, their trademark of 

self-restoration, expression likewise decided endurance 

(Figure 2).  

In any case, underexpression of the HOXA gene has 

likewise been related to poor prognosis and resistance to 

treatment by different studies. Se et al. keep up that after 

embryogenesis Homeobox genes ought to be quiet in the 

adult brain as their proliferative nature go about as a trigger 

for tumor growth
.31

 Young-Bem Se et al asserts higher 

mortality is seen with underexpression of HOXA11 in 

GBM patients. This paper broke down five tumor tissue 

tests including U251, U373, and LN18 from GBM patients. 

HOXA11 overexpression was seen inside the phone lines, 

so as to knockdown HOXA11 (siHOXA11) meddling RNA 

tests were led on the lines through grouping focusing on, 

non-focused on siRNA were utilized as control.
31

 The 

utilization of Affymetrix GeneChip, investigated the 

adjustment in gene expression so as to identify contrast in 

the expression of HOXA11 knockdown and siRNA. 

Young-Bem Se discovered by means of the utilization of 

western blot that high expression of HOXA11 was 

directional proportional to high rates of survival, the high 

survival rate was (31±15.3 months) contrasted with low 

survival rate (18±7.3 months).
31

 To quantify impedance to 

treatment an extra in vitro examination was directed. 

HOXA11 was stifled inside the cell lines of U251, U373, 

and LN18 the Glioma cells were then treated with 

radiotherapy and Temozolomide, it was discovered that 

inside the HOXA11 knockdown cells the anticancer factors 

inside the medicines declined. Focusing on HOXA11 can 

thusly be valuable in forestalling treatment opposition in 

GBM patients.
31

 

 

Conclusion 

The significance of cell regulators as a method for 

improving results in GBM patients can't be overemphasized 

as confirmed by these studies. Evidence shows a decrease 

in multiplication for regulating HOX genes. Also 

imperative from these discoveries is that, either as 

supporters of the advancement of malignancies or as 

biomarkers in susceptibility to anti-cancer agents, 

developmental genes, for example, HOX genes might be 

important in carcinogenesis. This survey additionally 

indicated that examining regulatory mechanisms, for 

example, abnormally expressed HOX genes in solid tumors 

which are regulated by means of lincRNAs and miRNAs 

may give data on new focuses to compelling malignancy 

therapeutics. 

Molecular focused treatment ought to be the focal point of 

future exploration as current modalities of treatment, for 

example, radiotherapy and chemotherapy produce helpless 

outcomes and abysmal rates of survival. Implementation of 

cell regulators as a major aspect of treatment would 

ultimately lead to increment effectiveness of treatment and 

decrease the utilization of intrusive modalities, for example, 

surgical procedures. The job of HOX gene expression in 

CSCs ought to be studied as it could give a method for 

structuring CSC-focused treatments, as CSCs have an 

impact on commencement and progression of solid tumors. 
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