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Abstract
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors, with a high degree of malignancy and a poor
prognosis. The aim of this study was to investigate the relationship between expression of pyruvate kinase M2 (PKM2) and
prognosis in patients with HCC. The expression levels of PKM2 and PKM1 in 86 cases of HCC were detected by immunohis-
tochemistry. An H score was used to evaluate the expression of PKM, and all patients were further divided into PKM high-
expression and PKM low-expression groups. The relationship between PKM2 expression and the clinicopathological parameters
and prognosis of patients were subsequently analyzed. Our data suggested that the expression level of PKM2 was significantly
higher in HCC tissues than in adjacent tissues and the negatively expression of PKM1 in HCC tissues. Kaplan-Meier analysis
revealed that PKM2 expression was strongly associated with survival in HCC patients (P = 0.001). The patients in the PKM2
high-expression group had significantly shorter survival times than the patients in the PKM2 low-expression group (hazard ratio
for death, 2.358; 95% confidence interval [1.156, 4.812]; P = 0.018). In conclusion, these data indicate that PKM2 expression in
HCC tissue samples can be used as a prognostic factor for patients with HCC and that high PKM2 expression is correlated with a
poor prognosis in HCC patients.
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Introduction

Human hepatocellular carcinoma (HCC), also called malig-
nant hepatoma, is the most common type of liver cancer.
HCC is one of the most common aggressive tumors and has

a relatively high mortality rate compared to different malig-
nant tumors [1]. Due to a lack an early diagnostic biomarkers
or other disease-specific symptoms, most HCC patients are
diagnosed at the advanced or later stages, which contributes
to the high mortality rate of HCC [2]. Generally, after confir-
mation of HCC, the overall 5-year survival rate for HCC pa-
tients, which is commonly below 18%, is extremely low [1].
HCC typically occurs in individuals who have a chronic liver
disease such as viral hepatitis and cirrhosis [3]. Specifically,
chronic infections with the hepatitis B virus (HBV) and hep-
atitis C virus (HCV) can promote the development of hepato-
cellular carcinoma since the chronic viral infection can repeat-
edly cause the immune system to attack the liver cells infected
by the virus [4, 5]. It is likely that the constant cycle of im-
mune system-mediated damage followed by liver repair leads
to mistakes that promote carcinogenesis [4]. Moreover, for
HBV, integration of the viral genome into the genome of the
infected cell can directly induce HCC [4].

Currently, various treatments have been developed for
HCC, such as liver transplantation, surgical resection, trans-
catheter arterial chemoembolization, radiofrequency ablation,
intra-arterial iodine-131–lipiodol administration and a
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receptor tyrosine kinase inhibitor (sorafenib). Although the
best prognosis for long-term survival occurs with surgical re-
section, which involves removing a tumor along with the sur-
rounding liver tissue while preserving enough of the liver
remnant for normal body functions, only 10–15% of patients
qualify for surgical resection due to extensive disease or poor
liver function [6]. Moreover, even though there have been
great improvements to traditional treatments, such as success-
ful surgical resection and the use of antiviral drugs in the
setting of hepatitis-induced liver cirrhosis, the risk of HCC
recurrence is still extremely high and is up to 70% of cases
by 5 years [7]. Thus, it is extremely necessary to identify novel
and efficient biomarkers for early diagnosis or as therapeutic
targets of HCC. In this study, we investigated the correlation
between the cytoplasmic level of pyruvate kinaseM2 (PKM2)
and the prognosis for HCC patients. The expression of PKM2
in 86 cases of HCC was detected by immunohistochemistry.
The relationship between PKM2 expression and the clinico-
pathological parameters and patient prognosis were subse-
quently analyzed. Our data suggested that PKM2 expression
in HCC tissue samples could be used as a prognostic factor for
patients with HCC and that high PKM2 expression was cor-
related with poor prognosis in HCC patients.

Materials and Methods

Patients and Ethics Statements

All liver cancer tissues and corresponding normal adja-
cent samples were collected from 86 patients who had
undergone routine surgery at the second hospital affiliated
with Lanzhou University from January 2011 to December
2012. HCC was confirmed in all patients by pathological
examination. This study was approved by the Ethical
Committee of Lanzhou University, and written informed
consent was obtained from every individual involved. The
study methodologies conformed to the standards set by
the Declaration of Helsinki. The clinicopathological fea-
tures and demographic data of the 86 HCC cases are sum-
marized in Table 1.

Liver Histology

Hematoxylin-ensin (H&E) staining was used for liver path-
ological evaluation. H&E staining kit was purchased by
Jiancheng Bioengineering Institute (Nanjing, China). The
kit was used according to the corresponding manufac-
turers’ instruction. The sections were counterstained with
hematoxylin (Sigma-Aldrich) and visualized with an
Olympus CX22 microscope.

Table 1 Clinicopatholo-
gical characteristics of
patients with HCC

Characteristic No. of patients %

Age (years)

Median 50

Range 38–70

Gender

Female 29 33

Male 57 67

Clinical symptoms

Negative 22 26

Positive 64 74

HBsAg

Negative 31 36

Positive 55 64

HBV-DNA

≤1 × 104 52 60

>1 × 104 34 40

ALT (U/L)

≤40 35 41

>40 51 59

TBIL (mmol/l)

≤25.8 48 56

>25.8 38 44

AFP

≤20 35 41

21–400 19 22

>400 32 37

Tumor size (cm)

≤5 38 44

>5 48 56

Liver cirrhosis

No 12 14

Yes 74 86

Microvascular invasion

Absent 54 63

Present 32 37

Cancer embolus

No 58 67

Yes 28 33

Tumor encapsulation

Complete 59 69

None 27 31

Lymphatic metastasis

No 72 84

Yes 14 16

Distant metastasis

No 76 88

Yes 10 12

Tumor differentiation

I + II 79 92

III + IV 7 8
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Immunohistochemistry Analysis

The expression levels of PKM2 and PKM1 in the HCC tissues
and adjacent healthy tissues were detected by immunohisto-
chemistry. Briefly, paraffin sections were subsequently
deparaffinized with xylene and rehydrated in decreasing concen-
trations of ethanol. Antigen retrieval was performed by heating
the sections in an antigen retrieval buffer (pH 6.0) in amicrowave
cooker at 90 °C for 45min. After antigen retrieval, endogenous
peroxidase activity was blocked by adding 3% H2O2 for at least
10min, and the endogenous biotin enzyme in the tissues was
blocked with normal goat serum (Sigma-Aldrich, St. Louis,
MO, USA) for 30 min at room temperature (RT). Then, the
sections were incubated with primary antibody forPKM2
(1:800 dilution) (Cat#3198, Cell Signaling Technology,
Beverly, MA, USA) and PK #15821, Proteintech, Wuhan,
Hubei, China) overnight at 4 °C. After PKM2 and PKM1 anti-
bodies incubation, the sections were washed with PBS and incu-
bated with biotin-labeled anti-rabbit antibody (1:100 dilution)
(Sigma-Aldrich, St. Louis, MO, USA) at 37 °C for 60min and
washed three times with PBS. Horseradish peroxidase-labeled
streptavidin was added to the sections after the PBS washes
and incubated at 37 °C for 30min. The specific reaction between
the PMK2 or PKM1 antibody and their targets were visualized
with the DAB kit (Sigma-Aldrich). The sections were counter-
stained with hematoxylin (Sigma-Aldrich) and visualized with
an Olympus CX22 microscope.

Patient Grouping

All sections were reviewed by two independent pathologists
who were blinded to the patient information. For the quanti-
fications of the immunohistochemistry results, five fields of
each part of the tissue were randomly selected under a light
microscope. The total numbers of positive cells and tumor
cells were determined, and the color intensity was recorded.
A semi-quantitative method was used to evaluate each section
as previously described [8]. Quantification of the IHC data for
each patient was conducted as previously described [9].
Briefly, 3 fields were randomly selected from each section
for counting the percentage of PKM positively stained cells.
The percentage of positive cells (P) was assigned a score from
0 to 3. A score of 0 indicated no positive cells. A score of 1
indicated a cell positivity rate of less than 20%. A score of 2
indicated a cell positivity rate higher than 20% but less than
75%. A score of 3 indicated a cell positivity rate higher than
75%. The staining score of each positive cell was further
assigned as 0 (no stain), 1 (yellow stain), 2 (tan stain) and 3
(dark tan stain). The sum of the multiplication of the PKM-
positive percentage and staining score was used to classify the
final grading of the PKM-positive level for each section.
Samples with final scores less than 4 were defined as PKM

low expression, while samples with final scores equal to or
greater than 4 were defined as PKM high expression.

Statistical Analysis

Statistical analyses were performed using SPSS 13.0 (SPSS
Inc.). The expression differences between the proteins were
analyzed with chi-squared test. Correlation analyses were per-
formed using Spearman’s rank correlation. The Kaplan-Meier
estimate was used for the univariate analysis of prognosis. The
data comparison among the different groups was performed
using the log rank test. The Cox proportional hazards model
was used for the multivariate analysis of prognosis. A P value
less than 0.05 was considered statistically significant.

Results

PKM2 and PKM1 Expressions in Different HCC
Samples

PKM2 is an isoenzyme of the glycolytic enzyme pyruvate
kinase, which is expressed in cells with a high rate of nucleic
acid synthesis, such as normal proliferating cells, embryonic
cells, and especially tumor cells [10–12]. In the HCC samples
collected in our study, the positivity rate of PKM2 expression
for all 86 HCC cases was 100% and the positivity rate of
PKM1 expression for all 86 HCC cases was 0%, suggesting
the specificity of the used PKM2 antibody at tissue level. A
representative immunohistochemistry images of PKM2 and
PKM1 expressions of each group were shown as Fig. 1.

Association between the PKM2 Expression Level
and Clinicopathological Features in HCC Patients

Based on the statistical analysis of PKM2 expression in the
cytoplasm, all patients involved were divided into the PKM2-
high group and PKM2-low group. The association between
the PKM2 expression levels and other factors was analyzed to
characterize the relationships. Based on our results, high
PKM2 expression was correlated with the female sex, an
HBV-DNA copy number > 1 × 104, an ALT level > 40 U/L,
a TBIL >25.8 mmol/l, an AFP level from 21 to 400, a tumor
size >5 cm and a cancer embolus (P < 0.05) (Table 2).

Survival Analysis for HCC Patients with Different PKM2
Expression Levels

After surgery, all involved patients underwent follow-up for
information related to the patient recovery, HCC recurrence
and patient survival time. Based on the data from all patients,
the median survival time was 24 months. The 1-year, 2-year
and 3-year overall survival rates were 71.9%, 43% and
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29.1%, respectively. Based on the Kaplan-Meier survival
analysis, the overall survival rates of the PKM2-high group
were significantly lower than those of the PKM2-low group
(P = 0.001) (Fig. 2). For the reoccurrence rate, the PKM2-
high group also showed a significantly high rate of reoccur-
rence relative to the PKM2-low group (Fig. 3). On the one
hand, the univariate analysis suggested that the PKM2 ex-
pression level, sex, clinical symptoms and tumor differentia-
tion were associated with prognosis of HCC (Table 3). On
the other hand, the multivariate analysis suggested that the
clinical symptoms, tumor differentiation, and the PKM2 ex-
pression level were associated with HCC prognosis
(Table 3). Taken together, these data suggested that high
PKM2 expression in patients with HCC was the main factor
affecting the prognosis of HCC.

Discussion

A common feature of cancer cells is dysregulation of meta-
bolic pathways to meet the unique biological requirements of
cancer cells [13]. Otto Warburg made his landmark observa-
tion of cancer cell metabolism 80 years ago when he discov-
ered that cancer cells consumed more glucose and produced a
large amount of lactate even in a well-oxygenized

environment, a process known as aerobic glycolysis or the
Warburg effect [13]. In contrast to normal cells, which maxi-
mize ATP production by mitochondrial oxidative phosphory-
lation of glucose, cancer cells generate much less ATP from
glucose by aerobic glycolysis [13].

Pyruvate kinase catalyzes the last procedure of glycolysis,
dephosphorylation of phosphoenolpyruvate to pyruvate, and is
responsible for ATP production within the glycolytic sequence
[12]. However, unlike mitochondrial respiration, energy regener-
ation by pyruvate kinase is independent of the oxygen supply
and allows survival of tissues, such as in solid tumors, under
hypoxic conditions [12]. There are two isozymes that are
encoded by the PKM gene: PKM1 and PKM2. PKM1 and
PKM2 are different splicing products of the M-gene with exon
9 and exon 10 for PKM1 and PKM2, respectively [11, 14].
PKM1 and PKM2 differ by 23 amino acids within a 56-amino
acid stretch (aa 378–434) at their carboxy terminus [11, 14].

Generally, PKM1 is predominantly expressed in tissue that
is strongly dependent on a high rate of energy regeneration,
such as muscle or the brain [15, 16]. However, PKM2 is pref-
erentially overexpressed in tumors cells [17]. Based on our
current knowledge, PKM2 overexpression in tumor cells is
generally accompanied by overexpression of oncoprotein c-
Myc [18, 19]. c-Myc activates the transcription of heteroge-
neous nuclear ribonucleoproteins (hnRNPs) I, A1 and A2,

Fig. 1 HE-staining in normal liver tissue, and expressions of PKM2 and
PKM1 in normal liver tissue and tissue samples obtained from HCC
patients. a: HE-staining of normal liver tissue. b: The expressions of
PKM2 in normal liver tissue and tissue samples obtained from HCC
patients. a) PKM2 was negatively expressed in normal liver tissue; b)
PKM2 was mainly expressed in the cytoplasm at a low level in highly
differentiated HCC tissue; c) Moderate expression of PKM2 in the cyto-
plasm in moderately differentiated HCC tissue; d) High expression of

PKM2 in the cytoplasm in poorly differentiated HCC tissue. c: The ex-
pressions of PKM1 in normal liver tissue and tissue samples obtained
from HCC patients. a) PKM1 was positively expressed in cytoplasm
and partial cell membranes of normal liver tissue; b) PKM1 was nega-
tively expressed in highly differentiated HCC tissue; c) PKM1 was neg-
atively expressed in moderately differentiated HCC tissue; d) PKM1 was
negatively expressed in poorly differentiated HCC tissue. The sections
were photographed at 400× magnification
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which bind and repress exon 9-encoding RNA sequences [18,
19]. Therefore, c-Myc promotes the preferable splicing of
PKM2 mRNA, which allows synchronous expression of the
PKM2 isoform [18, 19].

On the one hand, PKM1 forms a stable, constitutively active
tetramer that has high pyruvate kinase activity [20]. On the
other hand, the PKM2 conformation is affected by numerous
allosteric effectors and posttranslational modifications and
switches between dimeric and tetrameric forms in tumor cells
[20]. Reversion from PKM1 to PKM2 is an indispensable
stage that shifts glucose metabolism toward aerobic glycolysis,
a metabolic phenotype that is amenable to providing favorable
energetics, biosynthetic intermediates and redox power for rap-
idly dividing tumor cells [21, 22]. Although a bi-functional
role for PKM2 has been proposed, the PKM2 level in circula-
tion or tissue has been shown to act as a biological marker for
diagnosis and prognosis of several types of cancer [23–25].

Previous studies have suggested an important role for
PKM2 in tumorigenesis of hepatocellular carcinoma
[26–29]. An in vitro study has suggested that PKM2 knock-
down by shRNA inhibits tumor progression of HCC by in-
ducing apoptosis and cell cycle arrest [30]. Data gained from
HCC patients suggests that overexpression of PKM2 is cor-
related with a high TNM stage and level of vascular invasion
of HCC [27]. Patients with HCC who are positive for PKM2
expression and negative for TRIM35 expression have shorter
overall survival and time-to-recurrence rates than patients
who are negative for PKM2 and positive for TRIM35 [27].
A clinical data analysis indicated that increased PKM2 ex-
pression in HCC was correlated with vascular invasion and
intrahepatic metastasis. Moreover, high PKM2 level was
strongly correlated with AFP, multiplicity, TNM stage and
tumour differentiation in cirrhosis HCC [31]. These studies
suggested high PKM2 expression played an important role in
poor prognostic of HCC. In our study, by dividing the pa-
tients into a PKM2-high group and PKM2-low group, high
PKM2 expression was correlated with various clinical

Table 2 Association between PKM2 expression and the
clinicopathological features

Clinicopathological indexes PKM2

Low High p

Age (year) ≤50 19 24 0.829
>50 20 23

Sex Female 7 22 0.004
Male 33 24

Clinical symptoms Negative 15 7 0.026
Positive 26 38

HBsAg Negative 11 20 0.346
Positive 26 29

HBV-DNA ≤1 × 104 30 22 0.014
>1 × 104 11 23

ALT (U/L) ≤40 23 12 0.003
>40 18 33

TBIL(mmol/l) ≤25.8 29 19 0.000
>25.8 7 31

AFP ≤20 26 10 0.000
21–400 7 12

>400 4 27

Tumor size (cm) ≤5 22 16 0.006
>5 15 33

Liver cirrhosis No 4 8 0.551
Yes 34 40

Microvascular invasion Absence 30 25 0.024
Present 11 20

Cancer embolus No 32 26 0.004
Yes 7 21

Tumor encapsulation Complete 29 30 0.170
None 9 18

Lymphatic metastasis No 35 37 0.656
Yes 5 9

Distant metastasis No 34 42 0.097
Yes 8 2

Tumor differentiation I + II 38 41 0.204
III + IV 1 6

Fig. 2 The relationship between the PKM2 expression level and the
overall survival rate of HCC patients

Fig. 3 The relationship between the PKM2 expression level and the
recurrence rate of HCC after surgery
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features, such as the HBV-DNA copy number, ALT level,
TBIL, AFP level, tumor size and cancer embolus. The sur-
vival analysis of the two groups of patients suggested that
the overall survival rate of the PKM2-high group was signif-
icantly lower than that of the PKM2-low groups. Moreover,
the PKM2-high group showed a significantly higher rate of
reoccurrence than the PKM2-low group.

Conclusion

In this study, by investigating the expression of pyruvate ki-
nase M2 (PKM2) expression and its relationship with progno-
sis in 86 HCC patients, it was demonstrated that the expres-
sion level of PKM2 was significantly higher in HCC tissues
than in adjacent healthy tissues. The Kaplan-Meier analysis

Table 3 Cox regression analysis
between PKM2 and
clinicopathological features

Factors Patient no 3-year overall
survival

Univariate analysis Multivariate analysis
HR (95% CI) HR (95% CI)
P value P value

Age (year) 0.966 (0.563–1.658)
≤50 42 25 P 0.901
>50 44 37

Gender 0.495 (0.291–0.841)
Female 29 20 P 0.01
Male 57 41

Clinical symptoms 0.417 (0.189–0.922) 2.398 (1.084–5.304)
Negative 22 17 P 0.031 P 0.031
Positive 64 45

HBsAg 0.831(0.48–1.44)
Negative 28 17 P 0.509
Positive 58 42

HBV-DNA 1.028 (0.575–1.84)
≤500 21 15 P 0.925
>500 65 34

ALT(U/L) 1.189 (0.698–2.024)
≤40 34 29 P 0.524
>40 52 32

TBIL(mmol/l) 0.904 (0.521–1.566)
≤25.8 48 46 P 0.904
>25.8 38 18

AFP 1.344 (0.792–2.28)
≤20 36 29 P 0.274
21–400 16 14
>400 34 20

Tumor size (cm) 0.999 (0.589–1.695)
≤5 38 32 P 0.997
>5 48 30

Liver cirrhosis 1.081 (0.463–2.524)
No 12 6 P 0.858
Yes 74 55

Microvascular invasion 1.295 (0.755–2.221)
Absent 54 42 P 0.348
Present 32 20

Cancer embolus 0.673 (0.39–1.16)
No 58 46 p 0.154
Yes 28 16

Tumor encapsulation 0.915 (0.51–1.639)
Complete 58 44 P 0.764
None 28 18

Lymphatic metastasis 0.753 (0.368–1.538)
No 72 55 P 0.436
Yes 14 7

Distant metastasis 0.49 (0.119–2.013)
No 76 61 0.323
Yes 10 1

Tumor differentiation 0.508 (0.262–0.985) 1.969 (1.015–3.82)
I + II 79 58 P 0.045 P 0.045
III + IV 7 3

PKM2 staining 2.705 (1.495–4.896) 2.436 (1.324–4.689)
Low 42 38 P 0.001 P 0.011
High 44 24
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revealed that patients with high expression of PKM2 had sig-
nificantly shorter survival times than patients with low expres-
sion of PKM2. Therefore, we concluded that PKM2 expres-
sion in the HCC tissue samples could be used as a prognostic
factor for patients with HCC and that high PKM2 expression
correlated with a poor prognosis of HCC patients.
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