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Abstract

Liver cancer is a malignant and invasive tumor with poor prognosis. Recent studies have shown that
the expression of PKM2 is of great significance to cancer. The purpose of this study was to clarify the
relationship between the expression of PKM2 and liver cancer and its effect on the prognosis of liver
cancer. We downloaded the data of patients with liver cancer and their RNA-seq expression results
from The Cancer Genome Atlas database and analyzed the expression of PKM2. We found the expres-
sion of PKM2 in liver cancer was significantly higher than that in the control group. There were differ-
ences in PKM2 expression among different histological types, histological grades, stages, T classifica-
tion, vital status, age, gender, and residual tumors. ROC showed the modest diagnostic value of PKM2.
According to Kaplan-Meier curve and subgroup analysis, PKM2 is associated with poor overall survival
of liver cancer, especially in subgroup of stage I/1l (P =0.0044) and histological G1/G2 (P = 0.00013), T1
(P =0.041), N1 (P = 0.00068), male (P <0.0001), elder (P = 0.0021) and young (P = 0.0086). Univariate
and multivariate analysis showed that high PKM2 expression is an independent prognostic factor of
liver cancer. In conclusions, high PKM2 expression is an independent prognostic factor of liver cancer
and may be a biomarker to evaluate the prognosis of liver cancer.
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Introduction

Liver cancer is a malignant and aggressive tumor which has dif-
ferent histological characteristics and a poor prognosis. As one of
the few tumors with a steady increase in morbidity and mortality,
liver cancer is the second leading cause of cancer-related deaths
in humans in developing countries and the sixth leading cause in
developed countries [1,2]. For patients with early-stage liver can-
cer, surgery, locally destructive treatment, and liver transplanta-
tion offer therapeutic potential. The improved of morphological
heterogeneity of liver cancer has also promoted the development
of targeted therapy [22]. However, these still cannot solve all pro-
blems. The treatment of liver cancer is still a serious social and
medical problem. Therefore, identifying specific markers for eva-
luating liver cancer progression has important clinical significance.

Abnormal glucose metabolism is the key to the occurrence
and development of cancer cells. Aerobic glycolysis is the main
method of cancer cell metabolism [4,5]. Pyruvate kinase (PK) ca-
talyzes the last physiologically irreversible step in glycolysis, the
conversion of phosphoenolpyruvate (PEP) to pyruvate by trans-
ferring PEP to ADP [6]. In mammals, PK has four protein kinase
subtypes encoded by two genes. PKLR gene encodes PKL or PKR
subtype [4,7,8]. PKM1 and PKM2 are derived from PKM gene by
mutually exclusive splicing of exon 9 and exon 10, respectively.
By preserving exon 10, PKM2 has important unique properties
in cell metabolic reprogramming and is regulated by complex al-
losterization, which has become the main competition between
proliferative cells and cancer cells [4,9]. In most cancer cells, the
expression of PKM2 is increased, suggesting that PKM2 may be
an attractive target for cancer therapy [7]. It is worth noting that
studies have confirmed that the expression level of PKM2 varies
in different types of cancer[10]. However, whether PKM2 is highly
expressed in liver cancer and whether it can become a specific
marker of liver cancer remains to be further studied.

In this study, we evaluated the expression of PKM2 in liver can-
cer, analyzed the relationship between PKM2 expression and cli-
nical features, and discussed the potential prognostic significance
of PKM2 in patients with liver cancer.

Methods
Data mining and collection

We downloaded the clinical data and RNA-seq expression
values of with liver cancer patients from TCGA database in
R(version3.5.1) [11,12]. The RNA-seq by expectation-maximiza-
tion expression values were used in the statistical analysis.

Statistical analysis

The data were analyzed by R software (version 3.6.1). The box-
plots generated by ggplot2 package in R software (version 3.6.1)
was used to describe the difference of mMRNA expression among
discrete variable groups. x-2 and Fisher’s exact tests were used
to analyze the relationship between clinical features and PKM2
expression. The receiver-operating characteristic curve (ROC) was
drawn by pROC software package to evaluate the diagnostic abi-
lity. According to the optimal cutoff value of vital status determi-
ned by the ROC, the patients were divided into two groups: high
PKM2 expression group and low PKM2 expression group [13]. The
differences of overall survival rate and relapse-free survival rate
between low expression group and high expression group were
compared by Kaplan-Meier curve, and the P value was calcula-
ted by log-rank test [14,15]. Univariate Cox analysis was used to
screen related variables, and multivariate Cox analysis was used
to evaluate the effect of PKM2 expression on overall survival and
relapse-free survival. P < 0.05 was statistically significant.

Results
The characteristics of the patient

The gene expression and clinical data of patients with liver
cancer were downloaded from the tumor genome map database,
with a total of 373 people. Detailed clinical features such as di-
sease classification, TNM stage, residual tumor, survival status,
etc., are shown in Table 1.

(Table 1: Correlation between the clinicopathologic variables and PKM2 Mrna expression in liver cancer. )
PKM2 mRNA expression
Clinical characteristics Variable N (%)
high n (%) low n (%) X2 P
age <55 117 31.37 41 35.34 76 29.69 0.9372 0.333
>=55 255 68.36 75 64.66 180 70.31
gender Female 121 32.44 49 42.24 72 28.02 6.7 454 0.00 94
Male 252 67.56 67 57.76 185 71.98
11
histological _type Fibrolamellar Carcinoma 3 0.8 2 1.72 1 0.39 822 0.00 27
9
Hepatocellular Carcinoma
i 363 97.32 108 93.1 255 99.22
(Mixed)
Hepatocho langiocarcinoma
R 7 1.88 6 5.17 1 0.39
(Mixed)
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12
Gl 55 14.75 10 8.7 45 17.79 504 0.0058
histologic_g rade 5
G2 178 47.72 49 42.61 129 50.99
G3 123 32.98 52 45.22 71 28.06
G4 12 3.22 4 3.48 8 3.16
26
| 172 46.11 32 30.19 140 57.61 858 <0.0 001
stage
6
Il 87 23.32 30 28.3 57 23.46
1 85 22.79 41 38.68 44 18.11
v 5 134 3 2.83 2 0.82
26
T1 182 48.79 36 31.03 146 57.25 903 <0.0 001
T_classification 1
T2 95 25.47 35 30.17 60 23.53
T3 80 21.45 37 31.9 43 16.86
T4 13 3.49 8 6.9 5 1.96
X 1 0.27 0 0 1 0.39
N_classification NO 253 67.83 77 66.96 176 68.48 3.6 797 0.19 02
N1 4 1.07 3 2.61 1 0.39
NX 115 30.83 35 30.43 80 31.13
M_classification MO 267 71.58 84 72.41 183 71.21 0.8 187 0.66 53
M1 4 1.072 2 1.72 2 0.78
MX 102 27.35 30 25.86 72 28.02
radiation_therapy NO 340 91.15 105 96.33 235 98.33 0.5 879 0.44 32
YES 8 2.14 4 3.67 4 1.67
11
RO 326 87.4 93 81.58 233 92.46 512 0.007
residual_tumor
7
R1 17 4.56 8 7.02 9 3.57
R2 1 0.27 0 0 1 0.4
RX 22 5.9 13 11.4 9 3.57
12
vital_status DECEASE D 130 34.85 56 48.28 74 28.79 516 0.00 04
2
LIVING 243 65.15 60 51.72 183 71.21

High expression of PKM2 in liver cancer

We measured the difference in the expression of PKM2 mRNA
between patients with liver cancer patients and normal controls,
and expressed this result with boxplots. As shown in figure 1, the
expression of PKM2 in patients with liver cancer patients is signi-
ficantly higher than that in normal subjects (P=1.8e-08). There
were also differences in PKM2 expression among different histo-
logical types (P=0.0025), histological grade (P=0.00013), stage (P

<0.0035), T classification (P=9.6e-05), vital status (P=0.001), age
(P=0.041), gender (P=0.0022) and residual tumor (P<0.0066). The
expression of PKM2 increased gradually with the progress of di-
sease stage and T classification. However, there was no significant
correlation between the expression of PKM2 and N classification
(P=0.32), M classification (P=0.65), and whether received radio-
therapy (P=0.33).
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Figure 1: The different PKM2 expressions in the boxplot. The
expression of PKM2 is grouped by type, histologic type, his-
tologic grade, stage, T classification, N classification, M clas-
sification, and vital status, age, gender, radiation therapy, re-

\\sidual tumor. .

Diagnostic capability of PKM2

As shown in the ROC in figure 2, and the area under the curve
(AUC) is 0.745, indicating that PKM2 has moderate diagnostic
ability. Subsequently, similar results were shown in the subgroup
analysis of different stages. (AUC: 0.699 for stage |, 0.757 for stage
1I, 0.786 for stage 111, 0.860 for stage IV).

Figure 2: The ROC curve of PKM2 in LIHC cohort. Nontumor
sample and tumor sample. Nontumor sample and tumor sam-
ple of stage I. Nontumor sample and tumor sample of stage II.
Nontumor sample and tumor sample of stage Ill. Nontumor
\\sample and tumor sample of stage IV. )

Relationship between expression of PKM2 and clinical features

We analyzed the relationship between the expression of PKM2
and the clinical features of liver cancer. As shown in Table 1, we
found that the high expression of PKM2 was closely related to
gender (P=0.0094), histological type (P=0.0027), histological
grade (P=0.0058), stages (P<0.01), T classification (P<0.01), resi-
dual tumor (P=0.007), vital status (P=0.0004) and overall survival
(P=0.0003).

PKM2 expression is correlated with poor prognosis in liver
cancer patients

To evaluate the effect of PKM2 expression on the prognosis of
patients with livercancer, we used Kaplan-Meier survival curve
combined with log-rank test to evaluate the relationship between
PKM2 expression and overall survival and relapse freesurvival. As
shown in figure 3, there was a significant difference in overall sur-
vival between patients with PKM2 high expression and patients
with low PKM2 expression (P<0.0001). Patients with high expres-
sion of PKM2 had poorer overall survival, but there was no signifi-
cant difference in relapse-free survival (P=0.49).
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Figure 3: Kaplan—Meier curves produced survival analysis of
PKM?2 expression in terms of overall survival and Relapse free

\\survwal. /

Subgroup analysis of the prognostic value of PKM2 expres-
sion in term of overall survival

To further explore the prognostic value of PKM2 in term of
overall survival, we conducted a subgroup analysis. The results
showed that patients with high PKM2 expression had poor overall
survival in subgroup of stage I/II (P=0.0044) and histological G1/
G2 (P=0.00013), T1 (P=0.041), N1 (P=0.00068), male (P<0.0001),
elder (P=0.0021) and young (P=0.0086).
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Figure 4: Survival analysis of PKM2 expression in terms of overall
survival. Kaplan—Meier curves produced survival analysis of clinical
stage (I/1l and 11I/IV) and subgroup analysis of histological grade (G1/
G2 and G3/G4), T classification (T1, T2, T3, and T4), NO, MO, female

\\and male, and older and younger. /
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High PKM2 is an independent risk factor of liver cancer pa-
tients’ overall survival

To select the potential variables associated with overall sur-
vival, we conducted a univariate analysis of key variables inclu-
ding PKM2 expression, clinical stage, TNM classification, residual
tumors, etc. Multivariate analysis with the cox proportional ha-
zard model showed that T classification (HR=1.790, 95%Cl: 1.412-
2.270, P<0.001), residual tumor (HR=1.341, 95%Cl: 1.043-1.723,
P<0.022) and PKM2 expression (HR=1.594, 95%Cl: 1.106-2.297,
P<0.012) were independent risk factors affecting the overall sur-
vival of liver cancer patients (Figure 5).

K Univariate analysis of overall survival in liver cancer patients \
pvalue Hazard ratio

age 0.998 0.999(0.689-1.449) —_—
gender 0.220 0.801(0.562-1.142) ——
histologic_grade 0.698 1.044(0.839-1.299) —
stage <0.001 1.381(1.148-1.660) —-
T_classification <0.001 1.661(1.387-1.990) -
N_classification 0.086 0.727(0.506-1.046) —
M_classification 0.077 0.716(0.495-1.037) ——
radiation_therapy 0.060 0.515(0.258-1.028) —_—l
residual_tumor 0.003 1.424(1.126-1.800) ——
PKM2 <0.001 2.027(1.430-2.875) ——

r T T T T T T 1
025 035 050 L7110 141 20 283
Hazard ratio

Multivariate analysis of overall survival in liver cancer patients

pvalue Hazard ratio
stage 0135  0.844(0675-1.054) —J—
T_classification <0.001 1.790(1.412-2.270) +
residual_tumor 0.022 1.341(1.043-1.723) ——
PKM2 0.012 1.594(1.106-2.297) ]

T
o7 10 141 20
Hazard ratio

Figure 5: Univariate analysis and Multivariate analysis of overall sur-
vival in liver cancer patients. Statistically significant, P <0.05.

Subgroup analysis of the prognostic value of PKM2 expres-
sion in term of relapse free survival

Although the high expression of PKM2 had no significant effect
on the relapse-free survival of liver cancer patients, we conduc-
ted a subgroup analysis to mining its prognostic value in specific
population. The results showed no significant in subgroup such
as stage, histological grade, TNM classification, gender, and age.
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Figure 6: Survival analysis of PKM2 expression in terms of relapse-
free survival. Kaplan—Meier curves produced survival analysis of cli-
nical stage (I/1 and 111/IV) and subgroup analysis of histological grade
(G1/G2 and G3/G4), T classification (T1, T2, T3, and T4), NO, MO, fe-
\\male and male, older and younger. j

High PKM2 is not an independent risk factor of liver cancer
patients’ relapse free survival

To select the potential variables associated with overall survi-
val, we conducted a univariate analysis of key variables including
PKM?2 expression, clinical stage, TNM classification, residual tu-
mors, etc. Further multivariate cox analysis showed that T classi-
fication (HR=1.635, 95%Cl: 1.256-2.126, P<0.001) and residual tu-
mors (HR=1.334, 95%Cl: 1.053-1.691, P=0.017) were independent
factors affecting relapse-free survival (Figure 7).

Discussion

In this study, we confirmed the role of PKM2 in liver cancer.
PKM2 is highly expressed in patients with liver cancer, which is
closely related to gender, histological type, histologic grade, stage,
T classification and residual tumor. At the same time, we proved
the relationship between the high expression of PKM2 and the
prognosis of liver cancer, we consider that PKM2 can be used as a
biomarker to evaluate the prognosis of liver cancer.

Aerobic glycolysis is a common feature of tumor tissue. As
a rate-limiting enzyme that catalyzes the last step of glycolysis,
PKM2 has attracted much attention in tumor research in recent
years. In recent years, a large number of studies have shown that
PKM2 is preferentially expressed in malignant tumors and plays
an important role in cancer cell proliferation and tumor growth
[16]. Inhibiting the activity of PKM2, destroying the stability of
PKM2 structure can reduce the glycolysis activity of PKM2, which
inhibit the development and formation of tumor [17]. The results
of this study show that the expression of PKM2 in patients with
liver cancer is significantly higher than that in the normal group,

www.journalononcology.org
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Univariate analysis of relapse free survival in liver cancer patients

pvalue Hazard ratio
age 0.550  0.898(0.631-1.278) —_—
gender 0.966 0.992(0.696-1.415) ——
histologic_grade 0.883 0.985(0.801-1.210) - —
stage <0.001 1.656(1.379-1.988) ——
T_classification <0.001 1.778(1.494-2.117) -
N_classification 0.874 0.871(0.674-1.399) ——
M_classification 0.432 1.172(0.789-1.742) ——
radiation_therapy 0.584 0.742(0.256-2.156) i
residual_tumor 0.042 1.275(1.009-1.612) ——
PKM2 0.492 1.137(0.788-1.641) ——

T T T T T T 1
05 071 10 141 20
Hazard ratio

025 035

Multivariate analysis of relapse free survival in liver cancer patients

pvalue Hazard ratio
stage 0334 1.134(0.879-1.464) — —
T classificaion  <0.001  1.635(1.256-2.126) — —
residual_tumor 0017  1.334(1.053-1.691) ——

— T
07 10 141 20
Hazard ratio

Figure 7: Univariate analysis and Multivariate analysis of relapse-free
\\survival in liver cancer patients. Statistically significant, P <0.05. j

which fully illustrates the role of PKM2 in the proliferation of li-
ver cancer cells, which is also consistent with the results of other
tumor studies. In addition, the expression of PKM2 is different in
different histological types of liver cancer, and the expression of
PKM2 is the highest in cholangiocarcinoma, suggesting that it may
be related to the occurrence of liver cancer. At the same time,
with the development of disease stage and T classification, the
expression of PKM2 gradually increased, indicating that PKM2 is
closely related to the progression of liver cancer, and the increase
of PKM2 activity can make cancer cells produce more energy for
utilization. The expression of PKM2 is higher in patients less than
55 years old, which may be related to the regulation of cancer me-
tabolism. Interestingly, the expression of PKM2 is higher in male
patients, and the relationship between its expression and gender
can be further explored.

Studies have shown that PKM2 can be used as a biomarker of
renal and testicular cancer and has a particular diagnostic value
[18-21]. According to the results of ROC curve of PKM2, PKM?2
also shows reasonable diagnostic ability for liver cancer, and is
expected to be combined with other markers in the diagnosis of
liver cancer in the future.

PKM2 plays an important role in the prognosis of patients with
liver cancer. According to the results of the study, we found that
patients with high expression of PKM2 had a lower overall survival

rate. It is especially obvious in stage | / Il and G1 /G2, which pro-
vide corresponding help for the targeted therapy of liver cancer
in the future. The high expression of PKM2 has a significant effect
on the overall survival rate of male patients, but not in female
patients. The complex interaction of PKM2 in genitourinary and
endocrine system needs to be further studied. At the same time,
PKM2 is an independent risk factor affecting the prognosis of liver
cancer, which provides evidence for PKM2 to become a biomarker
of liver cancer.

This study confirmed the close relationship between the ex-
pression of PKM2 and liver cancer, and explored the important
role of PKM2 in the prognosis. It provides a new idea for the dia-
gnosis and prognosis of liver cancer. However, the role of PKM2
and related mechanism is complex, more in-depth research is
needed in the future.

Conclusion

PKM2 is highly expressed in patients with liver cancer and is
related to a variety of clinical features. High PKM2 expression is an
independent risk factor affecting the prognosis of liver cancer, and
can be used as a biomarker to evaluate the prognosis of patients
with liver cancer.
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