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ABSTRACT

Objective: Leukemia is the cancer of hematopoietic system and is characterized by abnormal
proliferation of blood precursor cells. Leukemia cells as other cancer cells multiply rapidly and
they have increased nutrient needs. The most commonly used nutrient by cancer cells is glucose
and therefore it is hypothesized that glucose is present at a low level in the microenvironment
of cancer cells. Metabolic changes in leukemia cells due to nutrient deficiency add extra liabili-
ties to the cells. In recent studies, increased glycolysis and reprogrammed glucose metabolism
have been shown in different tumors Intermediate steps of glycolysis involving hexokinase,
phosphofructokinase, pyruvate dehydrogenase kinase and lactate dehydrogenase enzymes are
rate-limiting steps in the reaction and increased expressions were correlated with poor progno-
sis of leukemia.The aim of this studly is to investigate the expression of glycolytic genes in low
8glucose conditions.

Method: In this study, we control expression of rate-limiting glycolytic enzymes’ mRNA exp-
ressions in K562, NB-4 and HL-60 cell lines in low glucose (1 mM) concentration compared to
normal (10 mM) concentration using gRT-PCR assay.

Results: We found that PKMZ2 and LDHA mRNA expressions were significantly decreased in low
glucose conditions. On the other hand, HK1 and HKZ expressions were increased in K562 cells
(p<0.001). We also found that PFKL expression was decreased in K562 cells.

Conclusion: Our results show that targeting glucose metabolism can reduce expression of
glycolytic genes and therefore in compliance with the literature suggest that glucose metabo-
lism may be a target in the treatment of leukemia.
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Amac: Lésemi, hematopoetik sistemin kanseridir ve kan énctil hiicrelerinin anormal proliferasyo-
nu ile karakterizedir. Diger kanser hiicreleri gibi I6semi hiicreleri de hizla cogalir ve artmis besin
gereksinimleri vardir. Kanser hticreleri tarafindan en yaygin olarak kullanilan besin maddesi glu-
kozdur ve bu nedenle kanser hiicrelerinin cevresinde dlislik seviyede glukozun bulundugu varsa-
yilmaktadir. L6semi hiicrelerine besin eksikligi meydana gelen metabolik degisiklikler nedeniyle
ekstra sorumluluk katar. Son zamanlarda yapilan calismalarda, farkli timérlerde artmis glikoliz ve
yeniden programlanmis glukoz metabolizmas! gésterilmistir. Heksokinaz, fosfofruktokinaz, piru-
vat dehidrojenaz kinaz ve laktat dehidrojenaz enzimlerini iceren glikoliz ara adimlari reaksiyonda
hiz sinirlayici adimlardir ve artan ekspresyonlari I6seminin zayif prognozu ile iliskilendirilmistir.
Bu calismanin amaci, dlislik glukoz konsantrasyonlarinda glikolizde rol alan genlerin ekspresyon-
larini arastirmaktir.

Yéntem: Bu calismada, normal (10 mM) ortama kiyasla dlistik glukozlu (1 mM) ortamda, K562,
NB-4 ve HL-G60 hiicre hatlarinda hiz sinirlayici glikolitik enzimlerin mRNA ifadelerini gRT-PCR ile
kontrol ettik.

Bulgular: PKM2 ve LDHA mRNA ifadelerinin disiik glukoz kosullarinda 6nemli élciide azaldigini
bulduk. Ote yandan, HK1 ve HK2 mRNA’lar1 ise K562 hiicrelerinde artmistir (p<0.001). K562
hiicrelerinde PFKL ekspresyonunun azaldigini da bulduk.

Sonuc: Sonuclarimiz, glukoz metabolizmasinin hedeflenmesinin glikolitik genlerin ekspresyonu-
nu azaltabilecegini ve dolayisiyla glukoz metabolizmasinin 16semi tedavisinde bir hedef olabile-
cegini gostermektediir.

Anahtar kelimeler: L6semi, kanser metabolizmasi, glikoliz, gen ekspresyonu
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INTRODUCTION

Cancer is a complex disease in which cells pro-
liferate in an uncontrolled manner as a result of
genetic changes. Additionally, cells phenotypi-
cally change and many cellular pathways including
metabolism are rewired'. Leukemia is a malignant
disease of the hematopoietic system and is cha-
racterized by abnormal proliferation of blood pre-
cursor cells?. As cancer cells multiply rapidly, they
have increased nutrient needs and quickly con-
sume nutrients in the surrounding environment®.
Even hematopoietic tumors, such as leukemia, are
not an exception to this rule. The most commonly
used nutrient by cancer cells is glucose and there-
fore it is hypothesized that glucose is present at a
low level in the microenvironment of cancer cells.
Metabolic changes in leukemia cells due to nutri-
ent deficiency add extra liabilities to the cells®.

Glycolysis is a series of biochemical reactions that
lead to the conversion of glucose into pyruvate.
The glycolytic intermediates produce different
biosynthetic precursors during the reactions. It
is well known that cancer cells provide the ne-
cessary bioenergetics by converting glucose into
lactate even in the presence of oxygen, and this
phenomenon is known as ‘Warburg effect’. In re-
cent studies, increased glycolysis and reprogram-
med glucose metabolism have been shown in dif-
ferent tumors®. The relation between oncogenic
mutations and the metabolic changes occurring in
leukemia cells is an ongoing research topic.

Studies with different tumor cells have shown
that a group of cells continue to proliferate in low
concentrations’. To know how adaptive mecha-
nisms are carried out in order to maintain the sur-
vival and proliferation of cancer cells in low nutri-
ent level environment is thought to contribute to
diagnosis and therapy as well as identification of
new drug targets for drug resistant cancer subt-
ypes®. Indeed, it has been reported that in diverse
subtypes of leukemia, the glycolytic mechanisms
and the response to glucose restriction differ®. In
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addition, high glycolytic metabolism of leukemia
cells makes these cells excellent assay models for
metabolic regulation studies.

Intermediate steps in glycolysis involving hexo-
kinase (HK1, HK2) phosphofructokinase (PFKP,
PFKL) pyruvate dehydrogenase kinase (PKM2)
and lactate dehydrogenase enzymes (LDHA and
LDHB) are rate-limiting steps of the reaction. The
increase in the expressions of mRNA isoforms
of the genes encoding these enzymes has been
associated with poor prognosis in different subt-
ypes of leukemia'®!!,

In this study, we aimed to investigate the changes
in mRNA expression of the genes involving in the
glycolic pathway in leukemia cells during glucose
restriction. Thus, we aimed to obtain data on me-
tabolic adaptations of leukemia cells to changes
in mMRNA that may occur in the medium with low
glucose concentration.

MATERIALS and METHODS

Cell Culture

K562, NB-4 and HL-60 cell lines were used
in this study. All cell lines were grown in RPMI
1640 (Gibco) medium containing 10% FBS (Sig-
ma), 1 % penicillin/streptomycin (Sigma) and 1%
L-glutamine at 37°C in %5 CO,.

For low glucose conditions RPMI 1640 w/o gluco-
se, w/o glutamine medium (PAN) prepared with
either ImM or 10 mM glucose concentrations.

Glucose limitation experiments

Cells seeded at a 20.000 cells/ml concentration
in a 6 well plate either in 10 mM in 1mM glucose
containing medium and cultured for 3 days at 5%
CO, with atmospheric O, at 37°C.

RNA isolation and cDNA synthesis

Cells were collected at the end of the experi-
ment and RNAs were isolated using RNeasy
Plus RNA isolation kit (Qiagen), according to the
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manufacturer’s instructions. RNA concentrations
were measured and 1 pg RNA sample was rever-
se transcribed using High-Capacity RNA-to-cDNA
Kit (Applied Biosystems).

qRT-PCR

List of primers used in this study are given in Tab-
le 1. qRT-PCR reactions were carried on RotorGe-
ne (Qiagen) instrument using SYBR® Green PCR
Master Mix (Applied Biosystems). Ct results were
normalized to RPLPO housekeeping gene. Rela-
tive mRNA fold changes were calculated using

Table 1. List of primers.

Gene Sequence

RPLPO Forward AGCATCTACAACCCTGAAGIG
Reverse AGCAAGTGGGAAGGTGTAATC

LDHA Forward AGGACTTGGCAGATGAACTTG
Reverse CTTTCTCCCTCTTGCTGACG

LDHB Forward CAGATCGTCAAGTACAGTCCTG
Reverse TCAGCCATAAGGTAGCGAAATC

HK1 Forward ACATTGTCTCCTGCATCTCTG
Reverse GCCTTAAAACCCTTTGTCCAC
HK2 Forward GGGACAATGGATGCCTAGATG

Reverse GITACGGACAATCTCACCCAG
PFKP Forward CATCGACAATGATTTCTGCGG
Reverse CCATCACCTCCAGAACGAAG
PFKL Forward AACGAGAAGTGCCATGACTAC
Reverse GTCCCATAGITCCGGTCAAAG
PKM2 Forward AAGTGTGACGAGAACATCCTG
Reverse ACCATTITCCACCTCCGTC

HK-1
3 -
> g
c ek =
m (1]
g 2 . g
= =
o [=]
N L
S 13 3
© 5
g g
n_ d
5 PN
) € & W b)

AACt method.

Statistical analysis

All experiments were repeated 3 times. RT-PCR
reactions were carried out in triplicates. Student’s t
test was applied to compare fold changes. Graphics
were prepared in GraphPad Prism V6 software.

RESULTS

HK-1 and HK-2 mRNA expressions

HK-1 and HK-2 mRNA expressions increased in
K562 and HL-60 cells, in 1 mM glucose condition
(low glucose condition) (Figure 1). In K562 cells,
expressions increased almost 1.5 fold (p<0.001).
Although increase in HK-1 expression in HL-60
cells seems to be quite higher in low glucose,
both the increase in HK-1 and HK-2 mRNA exp-
ressions were not statistically significant. On the
other hand, in NB-4 cells, both HK-1 and HK-2
mMRNA expressions dramatically decreased in low
glucose conditions (p<0.01).

PFKL and PFKP expressions

PFKL mRNA expression was decreased in all cell
lines in low glucose conditions (Figure 2). Howe-
ver, the change was statistically significant only
for K562 cells (p<0.01). On the other side, we fo-
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Figure 1. a) HK1 and b) HK2 mRNA expressions in K562, NB-4 and HL-60 cell lines in low glucose (1mM) medium compa-
red to normal conditions. Data presented as mean+SD. ** p<0.001, *** p<0.0001.
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Figure 2. a) PFKL and b) PFKP mRNA expressions in K562, NB-4 and HL-GO cell lines in low glucose (1mM) medium com-
pared to normal conditions. Data presented as mean+SD. ** p<0.001, *** p<0.0001.
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Figure 3. PKM2 mRNA expression in K562, NB-4 and
HL-60 cell lines in low glucose (1ImM) medium compa-
red to normal conditions. Data presented as mean+SD. *
p<0.005, “* p<0.001, *** p<0.0001.
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und that PFKP expression decreased only in NB-4
cells, significantly (p<0.001). In K562 cells, tho-
ugh not statistically significant PFKP expression
was increased in low glucose condition

PKM2 expression

PKM2 expression was decreased in all cell lines in
low glucose conditions compare to normal me-
dium (Figure 3). In K562 cells, PKM2 expression
was lowered to almost 0.3 fold (p<0.05). In NB-4
and HL-60 cell lines, PKIM2 expression was down
to half in 1 mM glucose (p<0.01 and p<0.001,
respectively).
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Figure 4. a) LDHA and b) LDHB mRNA expressions in K562, NB-4 and HL-G0 cell lines in low glucose (1ImM) medium com-
pared to normal conditions. Data presented as mean+SD. * p<0.005, ** p<0.001, *** p<0.0001.
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LDHA and LDHB expressions

Both LDHA and LDHB expressions were decrea-
sed in all cell lines in low glucose medium (Figure
4). In K562 cells, the decrease in LDHB expressi-
on was statistically significant (p<0.05), but not in
NB-4 and HL-60 cell lines. LDHA expression was
lowered in low glucose in all cells, significantly
(p<0.001, p<0.05 and p<0.05, respectively).

DISCUSSION

Cancer cells demand more nutrients to survive
and multiply as they require more energy and bi-
omolecules'2. Cancer cells have increased glucose
uptake and they break down glucose by glycoly-
sis independent from the amount of oxygen in the
environment. This phenomenon, also known as
aerobic glycolysis or Warburg effect, is one of the
well-known mechanisms of cancer cell metabo-
lism™3. As a result of increased nutritional needs, it
has been proposed that cancer cells have low le-
vel of nutrients in tumor microenvironment?. Kno-
wing how adaptive mechanisms are carried out
in order to maintain the survival and proliferation
of cancer cells in low nutrient environment will
contribute to diagnosis and treatment of cancer as
well as determining new drug targets’. However,
it is very difficult to mimic in vivo environment
within in vitro cell culture conditions.

In a study conducted with glioblastoma cell lines,
it was determined that cell viability decreased in
low glucose environment'. It was shown that le-
ukemia cell lines NB-4 and HL-60 have reduced
cell viability upon inhibition of glycolysis and gain
viability after addition of glucose to the medi-
um'>.

In this study, we grow K562, NB-4 and HL-60
leukemia cell lines in low (ImM) and normal
(10mM) glucose-containing media and isolated
mRNAs. Expressions of PFKL, PFKP, PKM2, LDHA
and LDHB mRNAs were controlled by qRT-PCR.

We found that HK1 and HK2 mRNA expressi-

ons increased in K562 and HL-60 cells, whereas
decreased in NB-4 cells in low glucose medium.
However, the change in HL-60 cells was not sta-
tistically significant. In a study in which different
leukemia cell lines were used, the expression of
genes on the glycolytic pathway was shown to be
at different levels®. It was shown that suppression
of HK1 and HK2 with shRNAs, render cells more
sensitive to Ara-C treatment® 'S

Pyruvate kinase muscle type (PKM2) enzyme is
encoded by PKM gene and catalyzes the last step
of glycolysis. This step is irreversible and one of
the ‘limiting’ stages in glycolysis. The increased
expression of PKIM2 in the vast majority of cancer
cells suggests that it could be a target for anti-
cancer treatments!’. Recently, proteins in which
PKM2 interacts with and play a role in tumor me-
tabolism and growth have also gained importan-
ce. In glioblastoma cell lines, a decrease in PKM2
mRNA expression was observed by suppression
of GLUT3 with siRNA'4. In a study with pancrea-
tic cancer cells, the inhibition of PKM2 expression
in the normal glucose medium did not affect cell
growth and proliferation, whereas the suppressi-
on of PKM2 expression in low glucose (0.5mM)
medium increased cell viability'®. In another study
with lung cancer cells, it was determined that
induced PKM2 mRNA expression in low gluco-
se medium increased cell proliferation'®. In our
study, we found that PKM2 expressions decrea-
sed significantly in low glucose medium in all cell
lines we used.

In our study, we also showed that PFKL expressi-
on was lowered in K562 cell line and PFKP exp-
ression decreased in NB-4 cells in low glucose
medium. While LDHA expression was decreased
in all cells, LDHB expression was decreased only
in K562 cells in low glucose medium. In a study,
PFKP expression level was found higher in poor
cytogenetic risk group of AML patients®. In a dif-
ferent study LDHA knockout cells slowed down
leukemia progression compared with normal
white blood cells?'.
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CONCLUSION

To conclude, our results suggest that targeting
glucose metabolism can reduce expression of
glycolytic genes and therefore in compliance with
the literature demonstrate that glucose metabo-
lism may be a target in the treatment of leukemia.
To further highlight this hypothesis, effect of inhi-
bition of glycolytic genes in low glucose conditi-
ons should be studied and complemented with in
vivo animal experiments.
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