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Abstract. Gastric cancer (GC) is one of the most common 
types of cancer worldwide. Previous studies have reported 
that phosphofructo‑2‑kinase/fructose‑2,6‑biphosphatase 4 
(PFKFB4) functions as an oncoprotein in various types of 
cancer. However, the association between PFKFB4 and GC 
remains unclear. The present study analyzed the expres‑
sion levels of PFKFB4 in 148 GC tissue samples, including 
46 tumor tissues with matched adjacent normal tissues, using 
immunohistochemistry, compared the expression levels of 
PFKFB4 between GC and adjacent normal tissues, and deter‑
mined the association between PFKFB4 expression levels and 
patient clinicopathological characteristics. In addition, survival 
curves were generated using the Kaplan‑Meier (KM) plotter 
database to evaluate the association between PFKFB4 expres‑
sion and GC prognosis. The results revealed that PFKFB4 
expression was upregulated in GC tissues compared with in 
adjacent normal tissues. PFKFB4 expression was associated 
with patient age, tumor size, pathological tumor (pT) stage 
and tumor‑node‑metastasis (pTNM) stage, and upregulated 
expression levels of PFKFB4 were observed in tumor tissues 
from patients <65 years old (compared with that in patients 
≥65 years old), as well as patients with a larger tumor size 
and an advanced stage (pT and pTNM stage) disease. In addi‑
tion, KM survival analysis demonstrated that patients with 
low PFKFB4 expression had a significantly improved overall 

survival (OS), first progression survival and post‑progression 
survival times compared with those with high PFKFB4 
expression. Furthermore, PFKFB4 expression was negatively 
associated with OS time in patients with late pT and pTNM 
stage disease. In conclusion, the results of the present study 
indicated that the upregulated PFKFB4 expression in GC 
tissues may serve as a biomarker for a more advanced disease 
and a poor prognosis in patients with GC.

Introduction

In recent years, malignant tumors have become a major public 
health burden that significantly impact the health of individuals 
worldwide. Gastric cancer (GC) is a cancer of the gastrointes‑
tinal tract that currently ranks as the 5th most common type 
of cancer worldwide, accounting for an estimated 1,033,000 
new cases and 783,000 deaths in 2018 (1). Due to the low early 
diagnosis rate of GC and the poor therapeutic effects of tradi‑
tional treatment regimens, which usually combine surgery 
and chemotherapy, the prognosis of patients with GC remains 
poor. The Tumor‑Node‑Metastasis (TNM) classification, 
which classifies tumors according to the pathological exami‑
nation of resected specimens, remains the most reliable tool 
for predicting the clinical outcome of patients with GC (2). 
However, substantial differences in survival are observed for 
patients at the same clinical stage (2,3). Although numerous 
molecules have been reported as potential biomarkers for 
predicting clinical outcomes in GC, such as upregulated 
expression levels of SWI/SNF related, matrix associated, actin 
dependent regulator of chromatin, subfamily e, member 1 and 
chemokine receptor 6, which were discovered to be associ‑
ated with a poor prognosis in patients with GC (4,5), none 
of the identified molecules have been clinically evaluated for 
the disease to date. Therefore, further studies are required 
to determine specific biomarkers that may help distinguish 
patients with different prognoses more accurately.

It is well known that cancer cells prefer to metabolize glucose 
via glycolysis rather than mitochondrial oxidative phosphory‑
lation, even in oxygen‑rich conditions, and this phenomenon 
is referred to as the Warburg effect or aerobic glycolysis (6). 
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(PFKFB4) is one of the four subtypes of the bifunctional enzyme 
PFKFB (7). By regulating the levels of fructose‑2,6‑bispho‑
sphate, the strongest allosteric activator of phosphoric acid 
fructose kinase‑1, PFKFB4 serves an important role in modu‑
lating the glycolytic and pentose phosphate pathway flux, in 
addition to the production of ATP, which affects the growth of 
tumors (8,9). Recently, a previous study conducted in prostate 
cancer revealed that CD44 could modulate the aggressive 
phenotype of prostate cancer cells by regulating the expres‑
sion levels of pyruvate dehydrogenase kinase, isozyme 1 and 
PFKFB4 (10). In addition, another previous study reported that 
PFKFB4 enhanced the migration and invasion of GC cells by 
downregulating the expression levels of the tumor suppressor 
gene liver kinase B1 (LKB1) (11), indicating an association 
between PFKFB4 and cancer development. However, to the 
best of our knowledge, the expression levels and clinical 
significance of PFKFB4 in GC remain to be elucidated.

The present study analysed PFKFB4 expression in GC and 
adjacent normal tissues using immunohistochemistry (IHC), 
and further determined the association between PFKFB4 
expression levels and the clinicopathological characteristics 
of patients with GC. In addition, the association between 
PFKFB4 expression levels and the survival of patients with 
GC was investigated using the Kaplan‑Meier (KM) plotter 
database.

Materials and methods

Patients and specimens. A total of 148  GC tissues were 
collected from patients diagnosed with GC at the General 
Hospital of Ningxia Medical University (Yinchuan, China) 
between September 2012 and December 2013. There were 
only 46 GC tissues which contained matched adjacent normal 
tissues (2 cm from the edge of tumors) due to the process of 
generating the pathological sections. Chemotherapy, radio‑
therapy and other antitumor treatments were not administered 
to the patients before surgery. Oral informed consent was 
obtained from all patients prior to collecting the specimens. 
The study was approved by the Medical Research Ethics 
Review Committee of The General Hospital of Ningxia 
Medical University. The specimens were fixed with 4% para‑
formaldehyde for 24 h at room temperature, embedded in 
paraffin and cut into 5‑µm‑thick sections for IHC analysis. 
The pathological diagnosis was performed by two senior 
pathologists according to the hematoxylin and eosin staining 
results. TNM stage evaluation was determined according to the 
criteria indicated in the staging procedures of the International 
Association for the study of GC (12). The clinicopathological 
data of the patients are summarized in Table I. It should be 
noted that 2/148 GC cases had no information regarding the 
tumor differentiation degree.

IHC staining. The expression levels of PFKFB4 in GC tissues 
were determined by IHC analysis. Briefly, the formalin‑fixed 
and paraffin‑embedded tissue sections were heated at 65˚C for 
1 h, then deparaffinized in xylene and rehydrated in a series of 
graded ethanol. After washing 3 times with PBS, the sections 
were incubated with 3% hydrogen peroxide at room tempera‑
ture for 10  min to block endogenous peroxidase activity. 
EDTA buffer (pH 8.0) was then used for antigen retrieval. 

Subsequently, the sections were blocked with 10% goat 
serum (cat. no. ZLI‑9022; OriGene Technologies) for 10 min 
at 37˚C prior to incubation with an anti‑PFKFB4 antibody 
(1:100; cat. no. ab137785; Abcam) at 37˚C for 1 h and then 
overnight at 4˚C in a humidified chamber. Following primary 
antibody incubation, the sections were washed 3 times with 
PBS and then incubated with an HRP‑conjugated peroxidase 
working solution (cat. no. P0448; Dako; Agilent Technologies, 
Inc.) for 30 min at 37˚C. The sections were incubated with 
the chromogen substrate 3,3'‑diaminobenzidine for 10 min at 
room temperature, followed by haematoxylin counterstaining 
at room temperature for 1 min. Finally, the slides were dehy‑
drated in a graded series of alcohol and xylene, and sealed 
with neutral balsam and a glass coverslip.

The expression levels of PFKFB4 were observed and the 
images were captured using a light microscope at x100 and 
x400 magnification, and determined using a semi‑quantitative 
method (13). The immunoreactivity score was evaluated blindly 
by two senior pathologists. The staining intensity was scored 
as follows: 0, negative; 1+, light yellow; 2+, yellowish brown; 
and 3+, brown. The number of stained cells was also scored 
and divided into four groups according to the percentage of 
positively stained cells: 0, no positively stained cells; 1+, ≤10% 
positively stained cells; 2+, 11‑50% positively stained cells; 
3+, 51‑75% positively stained cells; and 4+, >75% positively 
stained cells. The final score was the product of the staining 
intensity score and the score for the percentage of positively 
stained cells. The median immunoreactivity score was used 
as the cut‑off value to define high and low expression in the 
samples.

Survival analysis. KM survival analysis for GC and 
the subsequent log‑rank test were performed using the 
KM plotter database (http://kmplot.com/analysis/index.
php?p=service&cancer=gastric). Briefly, Affy ID 206246_at 
(PFKFB4) was selected for survival analysis. A total of 
875  patients with GC were included for overall survival 
(OS; the survival time from diagnosis until death from any 
cause) analysis, while 640 patients were used to analyze the 
first progression survival (FPS; the survival time without 
progression of the disease), and 498 patients were used to 
analyze the post‑progression survival (PPS; the survival 
time following progressive disease during treatment) times. 
In addition, 241 patients with GC with pT2 stage disease, 
204 patients with pT3 stage disease, 140 patients with stage Ⅱ 
disease, 305 patients with stage Ⅲ disease and 148 patients 
with stage Ⅳ disease were used to determine the association 
between PFKFB4 expression and OS.

Statistical analysis. Statistical analyses were performed using 
SPSS version 17.0 software (SPSS, Inc.). A Mann‑Whitney U 
test was performed to compare the differences in the expres‑
sion levels of PFKFB4 between the GC and adjacent normal 
tissues. The statistical differences between the 46 pairs of GC 
and matched adjacent normal tissues were determined using a 
Wilcoxon signed rank test. Scatterplots showing the distribu‑
tion of PFKFB4 staining scores in GC and adjacent normal 
tissues were drawn using GraphPad Prism V5.01 software 
(GraphPad Software, Inc.). The association between PFKFB4 
expression and the clinicopathological characteristics of the 
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patients was analysed using a χ2 test or Fisher's exact test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Clinicopathological characteristics of patients with GC. In 
total, 148 GC tissues, including 46 GC and matched adjacent 
normal tissues, were collected to analyze the expression levels 
of PFKFB4. Among these specimens, 123 cases were men and 
25 cases were women, with an age range of 23‑96 years old 
and a mean age of 61.80±14.11 years old. The detailed clini‑
copathological characteristics of the patients, including tumor 
differentiation, tumor size and TNM stage, are summarized 
in Table Ⅰ.

Expression levels of PFKFB4 in GC and adjacent normal 
tissues. The expression levels of PFKFB4 in GC tissues 

were determined using IHC. Positive PFKFB4 expression 
was observed in almost all the tumor and adjacent normal 
tissues. Fig. 1 shows the representative IHC staining images 
of PFKFB4 expression in GC tissues. PFKFB4 was found to 
be mainly expressed in the cytoplasm and nucleus of the cells, 
and distributed diffusely throughout the tumor tissues. The 
intensity and range of PFKFB4 expression was stronger in the 
cytoplasm compared with the nucleus. However, the expression 
levels of PFKFB4 were markedly upregulated in the cell nuclei 
of tumor tissues with high PFKFB4 expression. Following the 
semi‑quantification, PFKFB4 expression between GC and 
normal adjacent normal tissues was compared. The results 
revealed that PFKFB4 expression was significantly upregu‑
lated in the tumor tissues compared with in the adjacent normal 
tissues (median, 4 vs. 3; P=0.0002; Fig. 2A). In addition, in the 
matched 46 pairs of GC and adjacent normal tissues, PFKFB4 
expression was significantly upregulated in the GC tissues 
compared with in the normal tissues (P=0.015; Fig. 2B).

Table I. PFKFB4 expression and clinicopathological characteristics of patients with gastric cancer (n=148).

	 PFKFB4 expression
	-----------------------------------------------------------------------
Variables	 Cases, n	 Low, n (%)	 High, n (%)	 χ2	 P‑value

Age, years
  ≥65	 57	 42 (73.7)	 15 (26.3)	 7.782	 0.005a

  <65	 91	 46 (50.5)	 45 (49.5)
Sex
  Male	 123	 71 (57.7)	 52 (42.3)	 0.910	 0.340
  Female	 25	 17 (68.0)	 8 (32.0)
Differentiation
  Well	 21	 10 (47.6)	 11 (52.4)	 1.940	 0.379
  Moderate	 22	 15 (68.2)	 7 (31.8)
  Poor	 103	 62 (60.2)	 41 (39.8)
  NA	 2	 1 (50.0)	 1 (50.0)
Tumor size, cm
  ≥4	 88	 46 (52.3)	 42 (47.7)	 4.651	 0.031a

  <4	 60	 42 (70.0)	 18 (30.0)
pT stage
  T1‑2	 39	 31 (79.5)	 8 (20.5)	 8.812	 0.003a

  T3‑4	 109	 57 (52.3)	 52 (47.7)
pN stage
  N0	 59	 40 (67.8)	 19 (32.2)	 2.829	 0.093
  N1‑3	 89	 48 (53.9)	 41 (46.1)
pM stage
  M0	 141	 85 (60.3)	 56 (39.7)		  0.442b

  M1	 7	 3 (42.9)	 4 (57.1)
pTNM stage
  I+II	 45	 33 (73.3)	 12 (26.7)	 5.163	 0.023a

  III+IV	 103	 55 (53.4)	 48 (46.6)

aP<0.05; bFisher's exact test. NA, not applicable; p, pathological; TNM, Tumor‑Node‑Metastasis; PFKFB4, phosphofructo‑2‑kinase/fruc‑
tose‑2,6‑biphosphatase 4.
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Association between PFKFB4 expression and the clini-
copathological characteristics of patients with GC. The 
association between PFKFB4 protein expression in GC 
tissues and the clinicopathological characteristics of patients 
was subsequently analyzed. According to the median immu‑
noreactivity score of PFKFB4 expression in the tumor tissues, 
which was 4, specimens with an immunoreactivity score >4 
were defined as having high PFKFB4 expression, while those 
with an immunoreactivity score <4 were defined as having 
low PFKFB4 expression. As shown in Table Ⅰ, 59.5% (88/148) 
and 40.5% (60/148) of the cases were classified as low and 
high expression, respectively. The percentage of specimens 
with high PFKFB4 expression was markedly increased in 
the <65 age group compared with that in the ≥65 age group 
(49.5 vs. 26.3%; P=0.005). The percentage of tumors with high 
PFKFB4 expression and a large tumor size (≥4 cm) compared 
with a smaller tumor size (<4 cm) was also increased (47.7 
vs. 30%; P=0.031). Furthermore, in the advanced pT stage 
(pT3 and 4) or pTNM stage groups, the percentage of speci‑
mens with high PFKFB4 expression was markedly increased 

compared with the early stage groups (P<0.05). The aforemen‑
tioned results indicated that there was a significant association 
between PFKFB4 expression level and the age of the patient, 
tumor size, pT stage, and pTNM stage. However, no significant 
associations were identified between PFKFB4 expression and 
the sex, tumor differentiation or pathological N and M stages 
of the patients.

Association between PFKFB4 expression and the survival of 
patients with GC. To further evaluate the clinical significance 
of PFKFB4 in GC, the difference in the survival time between 
patients with GC with high and low PFKFB4 expression was 
investigated using the online KM plotter database. As shown 
in Fig. 3, patients with high expression levels of PFKFB4 had 
a higher probability of a shorter OS, FPS and PPS compared 
with patients with low expression levels. The median survival 
time for OS, FPS and PPS was 22.5, 15.1 and 5.4 months, 
respectively, in the high PFKFB4 expression group, while 
it was 45.4, 71.7 and 12.1 months, respectively, in the low 
PFKFB4 expression group (Fig.  3). Considering that the 

Figure 1. Representative immunohistochemistry images of phosphofructo‑2‑kinase/fructose‑2,6‑biphosphatase 4 expression in gastric cancer tissues. Negative 
staining at magnifications (A) x100 and (B) x400. Weak staining at magnifications (C) x100 and (D) x400. Moderate staining at magnifications (E) x100 and 
(F) x400. Strong positive staining at magnifications (G) x100 and (H) x400.

Figure 2. PFKFB4 expression is upregulated in GC tissues compared with in adjacent normal tissues. (A) Distribution of PFKFB4 staining scores in adjacent 
normal tissues (n=46) and GC tissues (n=148) was presented as the median with interquartile range. The P‑value was determined using the Mann‑Whitney U 
test. (B) Comparison of PFKFB4 staining scores in 46 pairs of GC and matched adjacent normal tissues. The P‑value was determined using a Wilcoxon signed 
rank test. PFKFB4, phosphofructo‑2‑kinase/fructose‑2,6‑biphosphatase 4; GC, gastric cancer.
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expression levels of PFKFB4 were upregulated in advanced 
stage tumor tissues, the association between PFKFB4 expres‑
sion and the OS of patients with different tumor stages was 
further analysed. The results revealed that PFKFB4 expres‑
sion was not significantly associated with OS in patients with 
an early pT stage (pT2) or TNM stage (stage II) disease. The 
median OS times for patients with low and high PFKFB4 
expression at pT2 disease stage was 30.9 and 26.4 months 
respectively, while the OS time in patients with low and 
high PFKFB4 expression at stage Ⅱ disease was 78.6 and 
35.2 months respectively. However, at the advanced stages 
(pT3 and TNM stages III and IV), high expression levels of 
PFKFB4 were significantly associated with a poor survival 
in patients with GC (Figs. 4 and 5). The median OS time for 
patients with low and high PFKFB4 expression at pT3 disease 
stage was 30.4 and 15.3 months respectively. Furthermore, 
OS time was 52.6 and 25.17 months, respectively for patients 

with low and high expression of PFKFB4 at stage Ⅲ disease, 
and 20.03 and 11.47 months for patients at stage Ⅳ disease, 
respectively. Collectively, these results indicated that PFKFB4 
may be a predictor for a poor prognosis in patients with GC.

Discussion

Several previous studies have reported that PFKFB4 func‑
tions as an oncoprotein in various types of cancer, including 
breast (14), prostate (15), bladder (16), hepatocellular carcinoma 
and thyroid cancer (17). In addition, a previous study demon‑
strated that 5‑(n‑(8‑methoxy‑4‑quinolyl)amino) pentyl nitrate, 
a selective inhibitor of PFKFB4, suppressed the glycolysis and 
proliferation of multiple human cancer cell lines (18). PFKFB4 
is a bi‑functional metabolic enzyme that synthesizes a potent 
allosteric activator for one of the rate‑limiting enzymes 
of glycolysis. Thus, PFKFB4 is able to modulate glucose 

Figure 3. High PFKFB4 expression is positively associated with poor OS, FPS and PPS in patients with GC. Kaplan‑Meier survival analysis of patients 
with GC and a subsequent log‑rank test were performed using the Kaplan‑Meier plotter database. OS, overall survival; FPS, first‑progression survival; PPS, 
post‑progression survival; PFKFB4, phosphofructo‑2‑kinase/fructose‑2,6‑biphosphatase 4; GC, gastric cancer; HR, hazard ratio.

Figure 4. High PFKFB4 expression is associated with the OS of patients with GC with a high pT stage disease. Association between PFKFB4 expression 
and the OS of 241 patients with GC in the pT2 stage and 204 patients in the pT3 stage were analyzed using the Kaplan‑Meier plotter database. The median 
OS time for patients with low and high PFKFB4 expression at pT2 stage disease was 30.9 and 26.4 months, respectively. The median OS time for patients 
with low and high PFKFB4 expression at pT3 stage disease was 30.4 and 15.3 months, respectively. OS, overall survival; pT, pathological tumor; PFKFB4, 
phosphofructo‑2‑kinase/fructose‑2,6‑biphosphatase 4; GC, gastric cancer; HR, hazard ratio.
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metabolism, which is reprogrammed in cancer cells (19). One 
of the mechanisms underlying the tumor‑promoting effect of 
PFKFB4 is its ability to regulate the glycolytic flux under both 
normoxic and hypoxic conditions (10,16,20‑23). In addition, 
PFKFB4 has been discovered to promote tumor progression 
through glycolysis‑independent mechanisms  (14,17,24,25). 
For example, it has been previously reported that PFKFB4 
modulates the chemoresistance of small‑cell lung cancer by 
regulating autophagy (24). PFKFB4 promotes breast cancer 
tumorigenesis by phosphorylating and activating steroid 
receptor coactivator‑3, a crucial transcriptional coactivator of 
the estrogen receptor (25). PFKFB4 also induces the produc‑
tion of hyaluronan by activating p38 signaling (14). However, 
whether PFKFB4 is implicated in the tumorigenesis of GC 
remains unclear. Only one study demonstrated that PFKFB4 
promotes the migration and invasion of GC cells by phos‑
phorylating SRC‑2 and inhibiting LKB1 expression (11).

The present study provided evidence to suggest an associa‑
tion between PFKFB4 expression and GC in clinical samples. 
The current results revealed that PFKFB4 protein expression 
was upregulated in GC tissues compared with in adjacent 
normal tissues. In addition, the expression levels of PFKFB4 
were upregulated in the tumor tissues from patients who 
were <65 years old compared with tissues in patients who are 
≥65 years old. Since PFKFB4 is a crucial enzyme involved in 
glucose metabolism, one of the explanations for this phenom‑
enon may be that the metabolism in younger people is more 
active compared with that in older people. Moreover, patients 
with a tumor size >4 cm or those with a high pathological stage 
had higher expression levels of PFKFB4, indicating PFKFB4 
may be involved in the malignant progression of GC.

Next, the association between PFKFB4 expression and the 
prognosis of patients with GC was investigated. By comparing 
the differences in OS, FPS and PPS between patients with 
low and high PFKFB4 expression, it was discovered that high 
expression levels of PFKFB4 were positively associated with 
a decreased OS, FPS and PPS compared with low expression 
levels, which is consistent with the results from previous 

studies conducted in other types of cancer  (14‑16). These 
results suggested that PFKFB4 may be a poor prognostic 
indicator for patients with cancer (26,27).

After determining that PFKFB4 expression was associ‑
ated with a higher pathological stage in GC, the association 
between PFKFB4 expression and the OS of patients with GC 
with different pT or pTNM stages was further investigated. 
No significant differences were observed in the OS between 
patients with early stage GC and high or low PFKFB4 
expression (pT2 or pTNM II); however, patients with high 
expression levels of PFKFB4 in the advanced stage GC group 
had a significantly worse OS compared with patients with low 
expression levels.

In conclusion, the present study revealed the expression 
profile of PFKFB4 in GC and analyzed its clinical signifi‑
cance. Since PFKFB4 expression was upregulated in GC 
tissues, and higher PFKFB4 expression was positively asso‑
ciated with a shorter survival time for patients, the current 
results suggested that PFKFB4 may serve as a useful poor 
prognostic marker for GC, as well as an important therapeutic 
target for the prevention of GC progression. To the best of our 
knowledge, this was the first study to investigate the role of 
PFKFB4 in GC progression and prognosis. However, a poten‑
tial limitation of the present study is the lack of follow‑up of 
the patients in the current cohort, and the absence of survival 
data including these patients. Most of the patients in the cohort 
were from the mountain regions of western China, a vast 
under‑populated land with relatively low levels of economic 
development, making it difficult to follow up these patients. 
In the present study, only the KM plotter database was used to 
collect information on the clinical significance of PFKFB4. In 
addition, further studies are required to elucidate the function 
and underlying mechanism of PFKFB4 in GC using in vitro 
and/or in vivo experiments.
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