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	Hexokinase 2 (HK2), the tumor promoter in glioma, is downregulated by miR-218/Bmi1 pathway
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	BACKGROUND AND PURPOSE: HK2 is crucial for the Warburg Effect of human glioma. Our aim was to evaluate the tumorigenic role of HK2 through silencing the HK2 expression of glioma cells and evaluating its tumor forming potential. 
EXPERIMENTAL APPROACH: HK2-silenced U87 stable cells and their corresponding negative controls were implanted in the left and right flanks, respectively, of 4-week-old female NOD/SCID mice (3.0×106/200 mL per mice, 6 mice per cell line). Starting from day 1, the next day after cell implantation, tumor volumes were determined by measuring its length (a) and width (b) every other day, up to 28 days. The tumor volume (V) was calculated according to the formula V=(ab)2/2.
KEY RESULTS: At 20 days post-implantation, and from then on, the mean volumes of xenograft tumors generated from HK2-silenced U87 cells were significantly smaller than those originating from its negative control cells
CONCLUSIONS AND IMPLICATIONS: Our findings confirmed the tumorigenic activity of HK2 in glioma.


	INTRODUCTION
	

	[image: ]
	Glioma was the most common primary tumor of the central nervous system, which was characterized by aggressive proliferation, migration and invasion abilities. The median survival of most glioma patients was as low as one to two years, with the 5 year survival rate staying below 10% [1], [2]. Angiogenesis was one of the hallmark malignancy parameter of glioma. Aerobic glycolysis, a unique metabolic phenomenon that convert glucose into lactic acid even in the presence of oxygen, referred to as the Warburg Effect, was noted in most solid tumors [3], [4], [5]. When compared to normal cells, tumor cells preferentially utilize this far less efficient process for ATP production, which also increased the cell’s proliferation, invasiveness and apoptosis resistance [6], [7]. This high rate of glycolysis in tumor cells, including gioma cells, was presumably ascribed to up-regulation of key catalytic enzymes in glycolysis, especially hexokinases, more specifically HK2 [8], [9]. Indeed, elevated levels of HK2 had been found in many human tumors, localized to the outer membrane of mitochondria by binding the voltage-dependent anion channel (VDAC) transporter and thus had preferential access to mitochondrial ATP [10], [11]. In addition to its critical metabolic role, HK2 could also promote glioma survival, against chemo or radiation insult, by repressing mitochondria mediated apoptotic pathway in glioma cells [12]. Thus, HK2 was of great interest in recent years and efforts were being made in understanding the associated underlying molecular mechanisms in glioma, towards which the present work was also dedicated.
To evaluate the role of HK2 in the proliferation of glioma U87 cells in vivo, we selected NOD/SCID mice. These animals are valuable to research because they can receive many different types of tumor grafts, as they mount no rejection response. These xenografts are commonly used in research to test new methods of treating tumors.
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	The objectives of this study were to determine the contribution of HK2 in the proliferation of glioma cells in vivo.

	METHODS
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	All animal experiments were approved by the Research Ethics Committee of Tangdu Hospital for the care and use of animals.
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	Two groups of 6 mice each were studied: A: HK2-silenced U87 cells were implanted in the left flanks; B: The negative control U87 cells were implanted in the right flanks.
Mice were randomized into two different groups by picking numbers out of a hat.
In the study, each mouse was the experimental unit.
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	[bookmark: _Hlk493922484][bookmark: _Hlk493920532]HK2-silenced U87 stable cells and their corresponding negative controls were implanted in the left and right flanks, respectively, of 4-week-old female NOD/SCID mice, which were purchased from Animal Center of Fourth Military Medical University. 3.0×106 of two kinds of glioma cells were suspended in 200 ml of PBS, then injected into the left and right flanks, respectively. Starting from day 1, the next day after cell implantation, tumor volumes were determined by measuring its length (a) and width (b) every other day, up to 28 days. The tumor volume (V) was calculated according to the formula V=(ab)2/2.
All the experiments were conducted in the light phase.
All the experiments were conducted in the laboratory.
According to our previous studies, 3.0×106 glioma cells were minimally required for the forming of tumor. More cells needed more PBS to suspended for the injection, it was more harmful for the mice.
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	Female NOD/SCID mice (20.0 ± 2.0 g), aged 4 weeks, were included (n=6).
Six NOD/SCID mice (Animal Center of Fourth Military Medical University) were obtained and acclimatized for at least 48 h. Vendor health reports indicated that the mice were free of known viral, bacterial and parasitic pathogens.
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	Animals were housed with an inverse 12 hours day-night cycle with lights on at 8:30pm in a temperature (22 ± 1 ℃) and humidity (55 ± 5%) controlled room. Prior to injection the animals were housed in cages filled with hygiene animal bedding.
All mice were allowed free access to water and a maintenance diet (obtained from Animal Center of Fourth Military Medical University) in a 12-hour light/dark cycle, with room temperature at 21 ± 2 ℃. All cages contained wood shavings.
During the post-injection period, all the mice were under the tender care to relieve the pain.
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	Six healthy mice were divided into two groups of six each. HK2-silenced U87 stable cells and their corresponding negative controls were implanted in the left and right flanks, respectively.
For animal experiments, sample size, no less than 6, can basically eliminate individual differences. More samples make a little sense.
The experiment was repeated six times.
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	All the mice were firstly numbered in ascending order, then were randomized into two different groups by picking numbers out of a hat.
All the mice were injected in ascending order.
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	At 20 days post-implantation, and from then on, the mean volumes of xenograft tumors generated from HK2-silenced U87 cells were significantly smaller than those originating from its negative control cells (p=0.011).
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	Data were expressed as the means ± standard error mean (SEM) from three independent experiments. Two independent sample t-tests were performed using GraphPad Prism 5.0 software in order to detect significant differences in measured variables among groups. P value < 0.05 was considered to be statistically significant.
The experimental unit was an individual animal.
Test for normality was performed by Kolmogorov-Smirnov test.

	RESULTS
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	The animal’s health status was monitored throughout the experiments and the mice were free of all viral, bacteria, and parasitic pathogens according to Animal Center of Fourth Military Medical University guidelines.
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	Xenografts formed in both flanks of all the six mice, with a positive rate of 100% (6/6).
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	Table 1 The exact value of the mean volume of the xenograft tumors
	Day
	HK2 shRNA
	NC

	1
	0
	11.66

	3
	1.6
	80.7

	5
	12.08
	112.7

	7
	15.82
	143.5

	9
	34.5
	309.4

	12
	38.5
	504.04

	14
	133.1
	1061.52

	17
	385.42
	1680.2

	20
	1576.196
	4157.32

	22
	1778.84
	4727.7

	24
	1948.4
	5932.2

	26
	2364.22
	8324.22

	28
	2388.24
	9467.2


P=0.011
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	No adverse events occurred in both experimental groups.

	DISCUSSION
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	Consistent with previous reports, the results of our study reveal an important role of HK2 in glioma. The shRNA-targeted reduction of HK2 expression in glioma cell lines decreased their proliferative, invasive and migrating abilities. Moreover, xenograft tumors derived from such HK2 silenced U87 cells were reduced in weight and volume, compared to those formed by negative control cells. These data suggest HK2 as an oncogene, and may play a central role in the pathogenesis and progression of glioma.
A limitation of this study is the fact that we didn’t establish orthotopic implantation model of human glioma in mice to better explore the tumorigenic role of HK2 in glioma forming in vivo.
The application of xenograft makes it possible for researchers to detect the forming of tumors in vivo and evaluate the effects of kinds of genes and drugs for cancer therapy. Moreover, it reduces the use of other kinds of animals in research.
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	Downregulation of HK2 expression via shRNA led to the inhibition of glioma and the findings highlighted the importance of HK2 in the proliferation of glioma. These data hopefully add to the current understanding of HK2 in glioma condition, and provide potential targets in developing glioma therapies.
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Background 3 a. Include sufficient scientific background (including relevant references to
previous work) to understand the motivation and context for the study,
and explain the experimental approach and rationale.

b. Explain how and why the animal species and model being used can
address the scientific objectives and, where appropriate, the study's
relevance to human biology.
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Objectives 4 Clearly describe the primary and any secondary objectives of the study, or
specific hypotheses being tested.
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Ethical statement 5 Indicate the nature of the ethical review permissions, relevant licences (e.g.
Animal [Scientific Procedures] Act 1986), and national or institutional
guidelines for the care and use of animals, that cover the research.
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Study design

For each experiment, give brief details of the study design including:

a. The number of experimental and control groups.

b. Any steps taken to minimise the effects of subjective bias when
allocating animals to treatment (e.g. randomisation procedure) and when
assessing results (e.g. if done, describe who was blinded and when).

c. The experimental unit (e.g. a single animal, group or cage of animals).

A time-line diagram or flow chart can be useful to illustrate how complex

study designs were carried out.
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Experimental 7 For each experiment and each experimental group, including controls,
procedures provide precise details of all procedures carried out. For example:

a. How (e.g. drug formulation and dose, site and route of administration,
anaesthesia and analgesia used [including monitoring], surgical
procedure, method of euthanasia). Provide details of any specialist
equipment used, including supplier(s).

b. When (e.g. time of day).

c. Where (e.g. home cage, laboratory, water maze).

d. Why (e.g. rationale for choice of specific anaesthetic, route of
administration, drug dose used).
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Experimental 8 a. Provide details of the animals used, including species, strain, sex,
animals developmental stage (e.g. mean or median age plus age range) and
weight (e.g. mean or median weight plus weight range).
b. Provide further relevant information such as the source of animals,
international strain nomenclature, genetic modification status (e.g.

knock-out or transgenic), genotype, health/immune status, drug or test
naive, previous procedures, etc.
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Housing and
husbandry

Provide details of:

a. Housing (type of facility e.g. specific pathogen free [SPF]; type of cage or
housing; bedding material; number of cage companions; tank shape and
material etc. for fish).

b. Husbandry conditions (e.g. breeding programme, light/dark cycle,
temperature, quality of water etc for fish, type of food, access to food
and water, environmental enrichment).

c. Welfare-related assessments and interventions that were carried out
prior to, during, or after the experiment.
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Sample size 10 a. Specify the total number of animals used in each experiment, and the
number of animals in each experimental group.
b. Explain how the number of animals was arrived at. Provide details of any
sample size calculation used.

c. Indicate the number of independent replications of each experiment, if
relevant.
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Allocating 11 a. Give full details of how animals were allocated to experimental groups,
animals to including randomisation or matching if done.

experimental b. Describe the order in which the animals in the different experimental
groups groups were treated and assessed.
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Experimental 12 Clearly define the primary and secondary experimental outcomes assessed
outcomes (e.g. cell death, molecular markers, behavioural changes).
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Statistical 13 a. Provide details of the statistical methods used for each analysis.
methods b. Specify the unit of analysis for each dataset (e.g. single animal, group of
animals, single neuron).
c. Describe any methods used to assess whether the data met the
assumptions of the statistical approach.
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Baseline data 14 For each experimental group, report relevant characteristics and health
status of animals (e.g. weight, microbiological status, and drug or test naive)
prior to treatment or testing. (This information can often be tabulated).
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Numbers 15 a. Report the number of animals in each group |nc|uded in each analysis.
analysed Report absolute numbers (e.g. 10/20, not 50% 2).

b. If any animals or data were not included in the analysis, explain why.
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Outcomes and 16 Report the results for each analysis carried out, with a measure of precision
estimation (e.g. standard error or confidence interval).
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Adverse events 17 a. Give details of all important adverse events in each experimental group.

b. Describe any modifications to the experimental protocols made to
reduce adverse events.
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Interpretation/ 18 a. Interpret the results, taking into account the study objectives and

scientific hypotheses, current theory and other relevant studies in the literature.

implications b. Comment on the study limitations including any potential sources of bias,
any limitations of the animal model, and the imprecision associated with
the results®.

c. Describe any implications of your experimental methods or findings for

the replacement, refinement or reduction (the 3Rs) of the use of animals
inresearch.
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Generalisability/ 19 Comment on whether, and how, the findings of this study are likely to
translation translate to other species or systems, including any relevance to human
biology.
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Funding 20 List all funding sources (including grant number) and the role of the
funder(s) in the study.
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Title 1 Provide as accurate and concise a description of the content of the article
as possible.




image3.png
Abstract 2 Provide an accurate summary of the background, research objectives,
including details of the species or strain of animal used, key methods,
principal findings and conclusions of the study.




