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Purpose: To explore the clinical significance of plasma pyruvate kinase M2 (PKM2) in
assessing the incidence and prognosis of acute leukemia.

Methods: Plasma samples from 56 acute myeloid leukemia (AML) patients, 40 acute
lymphoblastic leukemia (ALL) patients, and 66 plasma samples from healthy individuals
were collected. The level of plasma PKM?2 was detected by enzyme-linked immunosorbent
assay. The clinical significance of PKM2 in acute leukemia was assessed by analyzing
receiver operating characteristic and survival curves.

Results: The plasma levels of PKM2 in AML or ALL patients were significantly higher than
those in healthy individuals, respectively. PKM2 can be used as a potential diagnostic index
with the AUC of 0.827 for AML and 0.837 for ALL. The level of plasma PKM2 in ALL
patients with a BCR/ABL-positive genotype was significantly higher than that in patients
with a BCR/ABL-negative genotype (p<0.05). The event-free survival and the overall
survival of acute leukemia patients with higher PKM2 expression was worse than those
with lower PKM2 expression.

Conclusion: This study showed that higher levels of PKM2 was negatively correlated with
the prognosis of acute leukemia. Therefore, PKM?2 can be used as a potential index to assess
the incidence and prognosis of acute leukemia.

Keywords: acute leukemia, acute myeloid leukemia, acute lymphoblastic leukemia,
pyruvate kinase M2

Introduction

Leukemia is a malignant clonal disease with abnormal hematopoietic stem cells,
which stagnates in different stages of cell development due to uncontrolled pro-
liferation, disordered differentiation, and blocked apoptosis.' It can be divided into
acute leukemia (AL) and chronic leukemia (CL) according to the degree of cell
differentiation and maturation and the natural course of the disease.” The incidence
of AL is higher than CL in China.’> According to the hematopoietic cell lineage
involved, AL can be divided into acute lymphoblastic leukemia (ALL) and acute
myeloid leukemia (AML).* As the gold standard for the diagnosis of leukemia,
bone marrow puncture contributes to the differential diagnosis of leukemia, aplastic
anemia, myelodysplastic syndrome, immune thrombocytopenia, different types of
anemia, and other blood diseases.” Although bone marrow puncture is a well-
established technique, it is still difficult for the patient to accept, especially for
children, in clinical practice. There is also a risk of infection at the puncture site,
pain, and osteomyelitis.® Therefore, it is very important to identify other effective
auxiliary less-invasive diagnostic indicators.
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Pyruvate kinase M2 (PKM2), which converts phos-
phoenolpyruvate into pyruvate during glycolysis, is a key
enzyme for glycolysis regulation and a newly discovered
tumor marker.” There are four isomeric tissue-specific
forms of pyruvate kinase in mammals: PKL, PKR,
PKM1, and PKM2.® PKM1 and PKM2 are alternatively
spliced into by the single mRNA transcript of the PKM
gene.” PKM2 exists in the form of high-activity tetramer
and low-activity dimer.'® Specially, PKM2 in the dimer
form regulates the rate-limiting step of glycolysis, which
transfers glucose metabolism from the normal respiratory
chain to lactic acid production in tumor cells.'' In addition
to its role as a metabolic regulator, PKM2 can also act as
a protein kinase, prone to tumorigenesis.'*'* Several stu-
dies have shown that post-translational modification or
changes in expression of PKM2 can significantly affect
the proliferation and differentiation of leukemia cells.
Wang et al found that interference with PKM?2 expression
can inhibit the proliferation of human leukemia cells
in vitro, arrest the cell cycle in Gl phase and induce
apoptosis, which suggests that PKM2 may promote the
development of leukemia by promoting proliferation and
inhibiting apoptosis of leukemia cells.'"* Replacement of
wild-type PKM2 with a sumoylation-deficient mutant
(K270R) abrogates the interaction with RUNXI, and
blocks myeloid differentiation in vitro and in xenograft
models."” The above studies have shown that PKM2 has
an effect on the proliferation and differentiation of leuke-
mia cells, but further clinical trials are needed to evaluate
the application value of PKM2 in the clinic.

Therefore, the potential clinical value of determining
plasma PKM2 levels for diagnosis and prognosis of AL
was explored through ELISA, receiver operating charac-
teristic (ROC) curve and survival analysis. Thus, the clin-
ical relevance of PKM2 for diagnosis and prognosis of AL
was explored, so as to further optimize the individualized
treatment of the disease and improve the survival rate of
AL patients.

Materials and Methods

Subjects
AML and ALL patients diagnosed at the Sun Yat-sen
University  affiliated  Zhongshan  Hospital  from

January 2018 to April 2021 were enrolled retrospectively
and were in line with the following inclusion criteria: (1)
patients diagnosed with AL for the first time; (2) patients
satisfying the diagnostic criteria of AL in accordance with

the Diagnostic and Therapeutic Criteria of Hematological
Diseases, and diagnosed by myelography, hemogram, and
flow cytometry. Exclusion criteria: (1) patients with hepa-
tic and renal insufficiency; (2) patients with malnutrition
or diabetes; and (3) patients unable to tolerate chemother-
apy or allergic to chemotherapy drugs. A total of 56 cases
of AML patients including 37 males and 19 females with
an average age of 45 years and 29 cases of healthy indi-
viduals including 19 males and 10 females with an average
age of 42 years were selected. A further 40 cases were
ALL patients including 24 males and 16 females with an
average age of 21 years and 37 cases of healthy indivi-
duals including 21 males and 16 females with an average
age of 23 years old were selected. The differences in sex
and age between the two experimental groups and their
respective control groups were not statistically significant
(P>0.05). The initial treatment options for ALL included
VDLD and VDCP et al. The initial treatment regimen for
AML varied according to the different subtypes of AML.
For instance, in patients with acute promyelocytic leuke-
mia (APL), all-trans retinoic acid and arsenic agents are
the mostly used, while treatment of non-APL subtypes
relies on anthracycline combined with cytarabine.
Treatment with normethoxydaunorubicin (IDA) or daunor-
ubicin (DNR) in combination with cytarabine (ARA-C) or
with standard doses of ARA-C in combination with IDA
or DNR or mitoxantrone is common. We obtained the
patients laboratory test data through our hospital’s compu-
terized test system (Nanfang Huiqiao).

Clinical Data Collection and Follow-Up

Clinical data were collected from AML and ALL patients
and control groups (healthy individuals) and included age,
sex, glucose (GLU), lactate dehydrogenase (LDH), total
bile acid (TBA), cholylglycine (CG), nonesterified fatty
acids (NEFA), small dense low-density lipoprotein
(sdLDL), apolipoprotein E (apoE), total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), triglycerides (TG), apo-
lipoprotein Al (apoAl), apolipoprotein B100 (apoB100),
lipoprotein a (Lp(a)), white blood cell (WBC), red blood
cell (RBC), mean corpuscular volume (MCV), hemoglobin
(HGB), platelet (PLT), platelet distribution width (PDW),
mean platelet volume (MPV), and the presence of fusion
genes of PML/RARA, BCR/ABL, and TEL/AMLI in
leukemia patients. Patients were followed from
1 January 2018 to 30 April 2021.This study focused on
the event-free survival (EFS) and the overall survival (OS)

7852

Dove!

Cancer Management and Research 2021:13


https://www.dovepress.com
https://www.dovepress.com

Dove

Huang et al

rates. EFS referred to the time of recurrence or death due
to lack of complete remission or the time from diagnosis to
the last follow-up. OS was defined as the time from
diagnosis to death or the last follow-up.

ELISA

An ELISA kit (Jianglai Biology, Shanghai, China, Cat.
#JL48224) was used to measure the concentration of
PKM2 in the plasma samples. The optical density (OD)
value of each well was measured at a 450 nm wavelength,
and a standard curve was drawn to calculate the plasma
PKM2 concentration. Required instruments and equipment
included the Enzyme labeler (Thermo Fisher,
MULTIDKSN FC) and a 37°C incubator (OLABO, HH-
W600).

Statistical Methods

GraphPad 8.0 and SPSS 26.0 software were used for
statistical analysis of data. The Chi-square test was used
for non-parametric data, and mean + standard deviation
(SD) was used for descriptive continuous variables. The
independent samples #-test was used for data analysis if the
data obeys a normal distribution. If the data did not obey
the normal distribution, the Mann—Whitney U-test was
used for data analysis. The Kaplan-Meier method was
used for the analysis of survival curves, and log-rank
method was used for inspection. A p-value<0.05 indicated
the difference was statistically significant.

Results
Clinical Characteristics of the Study

Participants

The clinical characteristics of AML and ALL patients and
of the 66 healthy individuals used in this study are shown
in Table 1.

Plasma Levels of PKM2 Were Increased in
AML and ALL Patients

Subhra et al reported that during tumor onset, inflamma-
(TAMs)
PKM?2 expression, which upon subsequent activation (in

tory Tumor-associated macrophages induce
its tetrameric form) switches these cells to an immunosup-
pressive (M2) phenotype in established tumors.'® As
shown in Figure 1A, AML patients displayed significantly
higher levels of PKM2 (593.114+495.30 pg/mL) compared
with healthy individuals (268.12+131.67 pg/mL, p=0.005).
Furthermore, the expression of PKM?2 in the plasma in the

ALL patients (495.05+327.27 pg/mL) was significantly
higher compared with healthy individuals (230.13

+147.63 pg/mL, p=0.03) (Figure 1B).

Diagnostic Value of Serum PKM2

We evaluated the diagnostic value of serum PKM?2 levels for
AML or ALL. A ROC curve (Figure 2) showed that the
expression of PKM2 could distinguish AML patients from
the healthy individuals, and the AUC was 0.827. Moreover,
the sensitivity was 91.2%, and the specificity was 66.7%
(Supplementary Table 1). The expression of PKM2 could

distinguish ALL patients from the healthy individuals, and
the AUC was 0.837. Moreover, the sensitivity was 88.2%,
and the specificity was 66.7% (Supplementary Table 1).

Comparison of Plasma PKM2 Levels and
the Presence of Common Fusion Genes

in Leukemia Patients

The presence of the PML/RARA fusion gene in AML
patients was 23.33%, while that of BCR/ABL and TEL/
AMLI fusion genes in ALL patients were 19.56% and
15.22%, respectively. Further statistics showed that the
level of PKM2 in patients presenting the BCR/ABL fusion
gene was significantly higher than that in patients not
expressing this fusion gene (p<0.05). However, the levels
of PKM2 in patients harboring the PML/RARA gene
fusion and TEL/AMLI gene fusion showed no significant
differences compared with other patients (Figure 3).

Survival Analysis of Acute Leukemia

Patients

The Kaplan-Meier method was used to construct the survival
curves of AL patients stratifying patients according to high- or
low-expression of PKM2, and the log-rank method was used
for comparisons. According to survival analysis, the EFS and
OS of AL patients with high PKM?2 expression were signifi-
cantly lower than those with low PKM2 expression (p<0.05,
Figure 4 and Supplementary Table 2). Further, high expres-

sion of PKM2 in plasma samples of AL patients was
a significant correlated with the poor prognosis of patients.

Discussion

Glycolysis is an important process of tumor metabolism in
tumor cells.'” With insufficient oxygen, tumor cells can
convert most glucose into lactic acid via glycolysis, thus
consuming large amounts of glucose.'® This metabolic
pathway characterized by aerobic glycolysis and lactic
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Table | Characteristics of the Participants

AML Patients Healthy Individuals [ ALL Patients Healthy Individuals P

Age (years) 4518 42+12 0.246 2120 23%16 0.591
Gender (man/women) 37/19 36/23 - 24/16 23/22 -
GLU(mmol/L) 5.00+1.07 5.19£0.76 0.306 5.12%1.12 5.01+0.72 0.654
LDH(U/L) 194.5 199 0.680 28I 302 0.398
TBA(mmol/L) 5.95+10.84 451%7.23 0417 9.88+15.01 3.47%2.69 0.006
CG(mgl/L) 3.33£7.90 2.18+2.10 0.342 4.02+4.43 3.874.10 0.025
NEFA(mmol/L) 0.40+0.24 0.44+0.21 0.438 0.41+0.31 0.41+0.24 0.915
sdLDL(mmol/L) 0.79+0.48 0.92+0.50 0.234 0.49+0.29 0.63+0.44 0.145
apoE(mg/L) 4.83+0.81 5.23+0.87 0.024 6.10+2.58 5.54%1.32 0.228
TC(mmol/L) 4.32+1.05 5.24+0.88 <0.001 3.72%1.11 4.54+0.95 0.001
HDL-C(mmol/L) 0.97+0.26 1.33+£0.33 <0.001 1.05+0.46 1.47£0.39 <0.001
LDL-C(mmol/L) 2.460.79 2.87+0.67 0.004 1.87+0.71 2.44+0.59 <0.001
TG(mmol/L) 2.011.31 1.49+0.90 0.018 1.792£1.18 1.25+0.75 0.014
apoAl (g/L) 1.05£0.25 1.24+0.21 <0.001 1.00£0.23 1.27£0.25 <0.001
apoB100(g/L) 0.80+0.25 0.81+0.20 0.912 0.63+0.21 0.73+0.20 0.044
Lp(a)(mg/L) 76 169 0.172 95 68 0516
WBC (107°/L) 9.09+16.05 6.36+1.28 0.20 24.61+62.72 6.42+1.23 0.05
RBC (107'2/L) 3.40£1.00 4.86+0.53 <0.01 3.26+0.69 4.81+£0.42 <0.01
MCV (fL) 94.06+6.34 91.25+6.33 0.02 94.73+18.60 89.83+3.84 0.09
HGB (g/L) 104.04+30.03 146.24+17.85 <0.01 99.18+23.39 142.20£12.19 <0.01
NEUT% 51.65+23.65 58.76x5.66 0.02 51.76+24.97 56.88+5.37 0.18
LYMPH% 34.13%21.19 32.03+4.76 0.45 34.52+24.35 33.91+4.78 0.86
MONO% 11.70£14.15 6.35+1.51 0.01 11.76x11.29 6.36x1.58 0.0l
EO% 1.68+2.40 2.88+1.55 0.11 1.49+2.21 2.31%1.30 0.03
BASO% 0.50+0.42 0.58+0.24 0.23 0.47+0.55 0.54+0.22 0.42
PLT (10°9/L) 195.13+£164.4 249.95+56.33 0.0l 157.93+94.75 258.04+47.09 <0.01
PDW (%) 10.97£2.26 12.43£1.30 <0.01 10.48+1.96 12.02+1.42 <0.01

Notes: Characteristics of the 56 AML patients, 29 AML healthy individuals, 40 ALL patients and 37 ALL healthy individuals used in this study.
Abbreviations: GLU, glucose; LDH, lactate dehydrogenase; TBA, total bile acid; CG, cholyglycine; WBC, white blood cell; RBC, red blood cell; MCV, mean corpuscular
volume; HGB, hemoglobin; PLT, platelet; PDW, platelet distribution width; MPV, mean platelet volume.

acid production is called the “Warburg effect”.'® Key
enzymes in glycolysis play an important role in the
growth, invasion, metastasis, and drug resistance of solid
tumors and in AL. By inhibiting glycolysis and its key
enzymes, the growth of tumor cells can be inhibited, the
apoptosis of tumor cells can be accelerated, and the resis-
tance of tumor cells to treatment can be reversed, so as to
achieve effective anti-tumor activity.'’

Previous studies have confirmed that PKM?2 is a key
enzyme regulating glucose metabolism in solid tumors
such as breast cancer.’?! Our study found that PKM2
was also highly expressed in AL, which may be closely
related to the vigorous glycolytic metabolic activity char-
acterizing leukemia cells. Increased expression of PKM2
leads to increased glucose uptake, accumulation of gly-
colytic metabolites, and metabolic reprogramming in
cancer cells, which provide advantages for cancer. In
addition, metabolic pathways are shifted toward the

pentose phosphate pathway (PPP), uronic acid pathway
(UAP), and polyol pathway (PYP), leading to an increase
in fructose-1,6-diphosphate and non-essential amino
thus
proliferation.”? Conversely, the dimer PKM2 can enter

acids, providing substrates supporting tumor
the nucleus as a transcription factor to activate the
expression of target genes, and can also coordinate tran-
scription factors targeting other genes to further regulate
gene transcription, thus influencing various signaling
pathways promoting tumor development.>*** In addition,
the results of survival analysis showed that the time to
AL relapse was relatively shorter in patients with high
levels of PKM2. Accordingly, AL patients with higher
PKM2 expression exhibited shorter OS. Altogether, our
findings demonstrated that high expression of PKM2 was
associated with the poor prognosis of AL. Furthermore,
Sun et al also found that the expression of PKM2 was

significantly up-regulated in the retinoid-resistant cell
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Figure | Levels of plasma PKM2 in healthy individuals, AML patients and ALL patients. Plasma samples from AML patients (n= 56), ALL patients (n= 40), AML healthy

individuals (n = 29) and ALL healthy individuals (n

37) were quantified by ELISA. (A) AML patients displayed significantly higher levels of PKM2 (593.11+495.30 pg/mL)

compared with healthy individuals (268.12+131.67 pg/mL) (p<0.01). (B) The levels of PKM2 in the plasma in the ALL patients (495.05+£327.27 pg/mL) had a significant

increase compared with healthy individuals (230.13£147.63 pg/mL) (p<0.05). *p < 0.05;

#p < 0.01.
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Figure 2 Receiver operating characteristic curve for evaluating AML and ALL by PKM2. PKM2 could distinguish the AML patients from healthy individuals with an AUC of
0.827. Moreover, the sensitivity was 91.2%, and the specificity was 66.7%. PKM2 could distinguish the ALL patients from healthy individuals with an AUC of 0.837. Moreover,

the sensitivity was 88.2%, and the specificity was 66.7%.

line NB4-R1 of APL, suggesting that PKM2 may be
involved in the formation of drug resistance mechanisms
of APL cells, thereby affecting the therapeutic outcome

and prognosis of patients.>> In addition to the classic

metabolic enzyme function in tumor progression, PKM?2
can also interfere with the activity of non-metabolic
enzymes in tumor regulation, which include metabolic

enzymes involved in autophagy.'*
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Figure 3 Comparison of PKM2 levels in leukemia patients harboring fusion genes. The presence of the PML/RARA fusion gene in AML patients was 23.33%, while the BCR/
ABL and TEL/AMLI fusion genes in ALL patients were present in 19.56% and 15.22% of patients, respectively. (A) The level of PKM2 in AML patients with the PML/RARAL
fusion gene (365.70+92.12 pg/mL) was lower than that in other patients without this gene fusion (583.15+465.35 pg/mL) (p>0.05). (B) PKM2 levels in ALL patients with the
BCR/ABL gene fusion (909.05+806.07 pg/mL) were higher than those in other patients without this gene fusion (393.16+153.71 pg/mL) (p<0.05). (C) PKM2 levels in AML
patients with TEL/AMLI gene fusion (179.75£64.59 pg/mL) were lower than those in other patients without this gene fusion (393.16+153.71 pg/mL) (p>0.05). *p < 0.05; ns,
not significant.
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Figure 4 Survival curves of AML and ALL patients. According to survival analysis, the EFS and OS of acute leukemia patients with high PKM2 expression were significantly
lower than those with low PKM2 expression. (A) The EFS of AML patients with high PKM2 expression were significantly lower than those with low PKM2 expression
(p<0.0001). (B) The EFS of ALL patients with high PKM2 expression were significantly lower than those with low PKM2 expression (p<0.0001). (C) The OS of AML patients
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The PML-RARA fusion gene is not only a marker for
diagnosis and monitoring of minor residual disease (MRD) in
AML patients, but also an ideal target for molecular targeted
therapy.*® Common fusion genes in ALL patients include the
BCR/ABL fusion gene and the TEL/AML1 (ETV6 /RUNX1)
fusion gene with an incidence of ~6%-35%, and the latter is
considered to be a fusion genes associated with good
prognosis.”” Herein, we also found that the expression of
PKM2 in ALL patients with BCR/ABL gene fusion was
higher than that in other patients without gene fusion, while
there was no statistically significant difference in the expres-
sion level of PKM2 between AML patients with PML-RARA
gene fusion or ALL patients with TEL/AMLI1 gene fusion.
Studies have confirmed that BCR-ABL fusion gene encodes
BCR-ABL fusion protein and drives tumor transformation of
hematopoietic stem cells, which can stimulate the PI3K/Akt/
mTOR signal transduction and lead to impaired autophagy of
leukemia cells.”®*° Some researchers have also reported that
inhibiting the transcription of BCR-ABL can decrease the
expression of PKM2, leading to autophagy and death of

3031 which is also consistent with the results

leukemia cells,
of this experiment.

In conclusion, this study showed that PKM2 was
highly expressed in patients with AL, and the higher the
expression level, the worse the prognosis of patients.
However, the sample size used in this study was relatively
small, and only the expression of PKM2 protein in human
peripheral blood was explored. Therefore, a larger sample
of clinical patients should be evaluated to further verify
our findings. Other factors affecting prognosis of AL dis-
ease including, risk stratification, co-expression with
fusion genes, gene mutations and their relationship with
PKM2 should be analyzed in future studies. Moreover, the
mechanisms involving PKM2 in AL, and its regulation of
specific signaling pathways should also be explored in
subsequent studies.
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PKM2, pyruvate kinase M2 hypotype; AML, acute myeloid
leukemia; ALL, acute lymphoblastic leukemia; ROC, recei-
ver operating characteristic; EFS, event-free survival; OS,
overall survival; GLU, glucose; LDH, lactate dehydrogenase;
TBA, total bile acid; CG, cholyglycine; NEFA, nonesterified
fatty acids; sdLDL, small dense low-density lipoprotein;
apoE, apolipoprotein E; TC, total cholesterol; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipopro-
tein cholesterol; TG, triglycerides; apoAl, apolipoprotein
Al; apoB100, apolipoprotein B100; Lp(a), lipoprotein a;

WBC, white blood cell; RBC, red blood cell; MCV, mean
corpuscular volume; HGB, hemoglobin; PLT, platelet; PDW,
platelet distribution width; MPV, mean platelet volume.
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