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Clinical and prognostic significance of prokineticin 1 in 
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Abstract: The objective of this study was to explore the expression and the clinical and prognostic significance of 
prokineticin 1 (PROK1) in human gliomas. The expression of PROK1 in 60 patients with glioma and in eight control 
cases (patients with traumatic brain injury) by immunohistochemistry (IHC). The associations between the differ-
ences in expression and pathology grades were analyzed statistically. The positive rates of PROK1 expression in 
normal brain and glioma tissue were 25.0% (2/8) and 93.3% (56/60), respectively. PROK1 expression in glioma 
tissue was higher than that in normal tissue (P<0.05). The positive rates of PROK1 expression in low-grade gliomas 
(LGGs, grades I and II) and high-grade gliomas (HGGs, grades III and IV) were 66.7% (8/12) and 100% (48/48), re-
spectively, the positive rates in HGG were higher than those in LGG (P<0.01). PROK1 is an angiogenic growth factor 
that is related with metastatic ability of tumor, we also correlated PROK1 expression with NFAT expression. Expres-
sion of PROK1correlated significantly with expression of NFAT (r=0.524, P<0.01), but not with patient sex and age. 
Glioma patients with higher expressing PROK1 had a significantly shorter progression-free survival time, increasing 
levels of PROK1 expression significantly correlated with reduced survival times when all patients with glioma were 
considered (P<0.01). These results suggested that PROK1 positivity and protein expression levels are of significant 
clinical and prognostic value in human gliomas, which significantly correlates with the survival in gliomas, PROK1 
may regulate the progression of glioma via the NFAT pathway.
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Introduction

Gliomas are the most common type of central 
nervous system tumors, and the majority of the 
histological findings of the gliomas are malig-
nant [1]. Although the diagnosis and treatment 
of glioma has progressed, the overall prognosis 
of glioma patients remains poor, and the five-
year survival rate is <25% [2]. The difficulties in 
treating malignant glioma are partly due to its 
malignant biological properties, such as its 
over-proliferation and high invasiveness [3]. 
Recent studies have shown that many molecu-
lar mechanisms, such as the EGFR [4], AKT [5], 
STAT3 [6], and beta-catenin [7] pathways are 
involved in glioma. However, the molecular 
pathology of glioma is not sufficient to investi-
gate the development and invasive behavior of 
glioma. Therefore, it is quite necessary to iden-

tify the key gene targets of glioma, and to find a 
mechanism by which to reverse their malignant 
behavior.

Prokineticin 1 (PROK1) is an angiogenic growth 
factor that is expressed in endocrine cells, 
including the adrenal gland, ovary, and testis 
[8]. PROK1 which contains cysteines in its 
amino acid sequence promotes vascular endo-
thelial growth under hypoxic conditions [8]. The 
primary function of PROK1 is to strengthen 
metastatic ability of colorectal cancer cells. 
Recent studies have shown that PROK1 is high-
ly expressed in the primary lesions of some 
patients with colorectal cancer [9], prostate 
cancer [10], neuroblastoma [11], pancreatic 
duct cancer [12] and thyroid cancer [13], and is 
associated with cell-infiltrating ability of a 
colorectal cancer cells through an autocrine 
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mechanism [14] and malignant degree of 
tumors.

However, whether PROK1 is highly expressed in 
human gliomas is not known. The nuclear fac-
tor of activated T cells (NFAT) is a cell signaling 
molecule involved in complex adaptive systems 
particular to vertebrate biology related to the 
Rel family of cell signal proteins [15, 16], they 
may control transcriptional events governing 
functions as diverse as cell proliferation, sur-
vival and differentiation [17, 18], epithelial-to-
mesenchymal transition (EMT) [19], and cell 
migration and invasion [19, 20]. NFAT is a 
potential regulator of tumor progression and 
metastasis. The aim of this study was to inves-
tigate PROK1 expression in human gliomas. To 
assess the role of PROK1, we detected NFAT 
and correlated PROK1 expression with glioma 
WHO classification, NFAT, and progression-free 
survival (PFS) time to further demonstrate the 
role of PROK1 in the proliferation and invasion 
of gliomas and its possible role as a prognostic 
biomarker and therapeutic target.

Materials and methods

Patients and samples

Tumor tissues were obtained at the first surgery 
in 60 previously untreated patients with glioma. 
The patient population comprised 31 males 
and 29 females, with a mean age of 54.2 years 
(27-75 years). All specimens were pathological-
ly confirmed referring to the 2007 World Health 
Organization classification of tumors of the ner-
vous system and grading criteria [21]. Twelve 
cases of low-grade glioma (LGG) were identi-
fied, including two cases of pilocytic astrocyto-
ma, one cases of subependymoma, four cases 
of astrocytoma, five cases of diffuse astrocyto-
ma. In addition, 48 cases of high-grade glioma 
(HGG) were identified, including 13 cases of 
anaplastic astrocytoma, two cases of anaplas-
tic astrocytoma with local glioblastoma, one 
case of astrocytoma, five cases of glioblastoma 
multiforme, 27 cases of glioblastoma. Eight 
samples of normal brain tissue were obtained 
from brain injury decompression surgery as a 
control. Consent was received from the families 
of the patients to collect and preserve the 
specimens using cryopreservation at -80°C. 
The present study was approved by the Life 
Science Ethics committee of Capital Medical 
University (Beijing, China).

Immunohistochemical detection

Immunohistochemistry was performed to de- 
tect the expression of PROK1 and NFAT. The 
specimens were embedded, cut into serial 
3-μm sections and placed on a slide after  
pretreatment that was undertaken by Beijing 
Bioss. In brief, pretreatment involved immer-
sion of the slide in cleaning fluid of potassium 
dichromate sulfuric acid for 24 h and then rins-
ing under running water. After it was rinsed 
again at least three times with distilled water 
95% ethanol was added and the slide was left 
to dry and immerse in poly-L-lysine (0.01%)  
for about 30 sec. Finally, the slide was drained  
and placed in the oven at 45°C for 1 h. Anti-
PROK1 monoclonal antibodies (1:100; Beijing 
Biosynthesis Biotechnology Co., Ltd., Beijing, 
China) and Anti-NFAT monoclonal antibodies 
(1:50; Beijing Biosynthesis Biotechnology Co., 
Ltd., Beijing, China) were added to the sec- 
tions for incubation overnight at 4°C, following 
by washing with phosphate-buffered saline 
including TWEEN (PBST) and incubation with 
biotin-labeled secondary antibody (Sigma-
Aldrich, St. Louis, MO, USA) at room tempera-
ture for 20 min. Subsequent to further washing 
with PBST, horseradish peroxidase-labeled 
streptavidin working solution (Beijing Bio- 
synthesis Biotechnology Co., Ltd.,) was added 
and the sections were incubated at room  
temperature for 15 min. 3,3’-diaminobenzidine 
chromogenic reagent was added for coloration, 
followed by rinsing, hematoxylin staining, con-
ventional ethanol dehydration, xylene clearing, 
mounting with a neutral gum and observation 
under a microscope. Samples in which the  
cytoplasm was colored yellow or brown were 
classified as positive. An area with a strong 
immune response was selected in each slice, 
and five non-repetitive, high-power fields of 
view were observed (magnification, ×400). All 
controls provided satisfactory results. The im- 
munohistochemical analysis was performed by 
one of the authors, who was blinded to the clini-
cal data. Immunoreactivities were scored by 
the intensity of staining (0, no staining; 1, weak 
= light yellow; 2, moderate = yellow brown; 3, 
strong = brown) and the percentage of stained 
cells, (0, on staining; 1, 1-10%; 2, 11-35%; 3, 
36-70%; 4, >70%). By multiplication of both val-
ues, a final score ranging between 0 and 12 
was obtained [22]. PROK1 and NFAT overex-
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Table 1. Expression of PROK1 in malignant gliomas of different WHO classes measured by immuohis-
tochemical staining

WHO class
PROK1 expression/total (%)

Sex (M/F) Age (Y)
NF-AT (%)

-/+ ++ +++ +++
I-II (n=12) 4-4/12 (66.7%) 3/12 (25%) 1/12 (8.3%) 4/8 43 16.7%
III (n=15) 2/15 (13.3%) 8/15 (53.3%) 5/15 (33.3%) 7/8 52.3 26.7%
IV (n=33) 2/33 (6.06%) 18/33 (54.5%) 13/33 (39.4%) 20/13 59 39.4%
Note: At least 1000 cells were counted for each section and 3 sections for each sample at ×400 magnification with a 
randomly selected microscope. Abbreviations: -, no expression; +, 1%-35%; ++, 35%-70%; +++, 70%.

Table 2. Association between PROK1 and the clinicopathological 
factors of glioma

Variable
PROK1 expression

χ2 P-value
n Positive, n (%) Negnative, n (%)

Gender
    Male 31 29/31 (93.5%) 2/31 (6.45%) 4.340 0.631
    Famale 29 27/29 (93.1%) 2/29 (6.90%)
Age in years
    >45 47 47/47 (100%) 0/47 (0%)
    ≤45 31 9/13 (69.2%) 4/13 (30.8%) 22.100 0.001
Pathological grade
    LGG 12 8/12 (66.7%) 4/12 (33.3%)
    HGG 48 48/48 (100%) 0/48 (0%) 29.105 <0.001
LGG, Low-grade glioma; HGG, High-grade glioma; PROK1, Prokineticin 1.

pression was defined as final score more than 
zero. For the purpose of statistical analysis, 
tumors with a final staining score of ≥3 were 
considered to be high expression.

Statistical analysis

All statistical analyses were performed using 
SPSS 17.0 software (SPSS, Inc., Chicago, IL, 
USA), and P<0.05 was considered to indicate a 
statistically significant difference. Measurement 
data are expressed as the mean ± standard 
deviation. Differences between two symmetri-
cal portions of the same group of patients at 
different times were analyzed using the paired 
Student’s t-test. The correlation between 
PROK1 expression and NFAT, clinical pathologi-
cal features was evaluated for statistical signifi-
cance by χ2 and Fisher’s exact tests. Survival 
curves were calculated using the Kaplan-Meier 
method and compared by the log-rank test. The 
significance of various variables for survival 
was analyzed by the Cox proportional hazards 
model in the multivariate analysis. P<0.05 in all 
cases was considered statistically significant.

Results

PROK1 was up-regulated in 
glioma tissues

Immunohistochemical stain-
ing showed that the colored 
areas due to PROK1 expres-
sion were mainly located in 
the cytoplasm. PROK1 sho- 
wed lower expression in the 
8 normal brain tissue sam-
ples, and the positive ex- 
pression rate was 25.0% 
(2/8). However, in the 60  
glioma samples the PROK1 
positive expression rate was 

93.3% (56/60), which was higher than that in 
the normal brain tissue (P<0.05) (Table 1). We 
also observed that 4 (6.67%) exhibited no posi-
tivity for PROK1, 8 (13.3%) demonstrated weak 
positivity, 29 (48.3%) had moderated positivity, 
and in 19 (31.7%), strong positivity was 
observed (Table 1). According to evaluation 
method as described above, PROK1 expres-
sion of tumor cells was further reclassified into 
high or low expression. PROK1 was evaluated 
as high expression in 63.3% (38/60) of tumor 
samples.

High-expression of PROK1 is associated with 
grade of glioma

Table 2 showed the relationship between the 
high-expression of PROK1 protein and clinical 
characteristics. There was no significant corre-
lation between the high-expression level of 
PROK1 protein and gender of patients with glio-
ma (P>0.05). However, the difference in PROK1 
expression between the different age groups 
was statistically significant (χ2=22.100, P= 
0.001). The positive expression rate of PROK1 



PROK1 in human gliomas

7664 Int J Clin Exp Pathol 2017;10(7):7661-7669

Figure 1. The expression of PROK1 in normal brain tissue and gliomas. Expression of PROK1 in the different grades 
of gliomas (streptavidin-peroxidase staining; magnification, ×400). A: Normal brain tissue; B: Diffuse astrocytoma 
(grade II); C: Anaplastic astrocytoma (grade III); D: Glioblastoma (grade IV).

Figure 2. Kaplan-Meier curves showing PFS of pa-
tients with different WHO grade gliomas (n=60) 
according to PROK1 expression. Glioma patients 
with high expression of PROK1 were shown to have 

significantly shortened survival times compared 
with glioma patients with low expression of PROK1 
(P=0.003). Of the 60 patients with glioma, immu-
nohistochemical detection revealed that 38 were 
PROK1 high expression (bottom curve) and 22 were 
PROK1 low expression (top curve). PROK1 high ex-
pression (histochemical scores: ≥3); PROK1 low ex-
pression (histochemical scores: <3).

in the LGG and HGG groups was 66.7% (8/12) 
and 100% (48/48), respectively, and the differ-
ence between the two groups was statistically 
significant (χ2=29.105, P<0.001). (Figure 1)

Prognostic value of PROK1 expression levels

As stated earlier, a positive correlation was 
identified between PROK1 expression levels 
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Table 3. Multivariate analysis of prognostic factors
Variable B SE χ2 P-value OR 95% CI
Gender 0.058 0.289 0.041 0.840 1.060 0.602-1.868
Age 0.012 0.013 0.910 0.340 1.012 0.987-1.038
PROK1 expression -1.095 0.424 6.687 0.01 0.334 0.146-0.767
Pathological 1.523 0.664 5.260 0.022 4.581 1.248-16.839

and the pathological grades of the gliomas. In 
the LGG and HGG groups, positive PROK1 
expression was found in 8 and 48 cases, 
respectively. To further evaluate the prognostic 
value of PROK1 protein for glioma patients, we 
also analyzed the association between PROK1 
protein expression and survival duration using 
Kaplan-Meier analysis with the log-rank test. 
The results revealed that high-level expression 
of PROK1 protein was correlated with short sur-
vival time of patients with glioma (Log Rank 
=8.784, P=0.003, Figure 2). The median sur-
vival time of patients with low PROK1 expres-
sion tumors was 14 months, compared with 8 
months for patients with high PROK1 expres-
sion tumors. This suggests that PROK1 expres-
sion at the highest levels is associated with a 
more extreme malignant phenotype of glioma 
and may also be associated with increased 
treatment resistance.

Multivariate analysis of prognostic factors

In a model that included the presence or 
absence of PROK1 expression, pathological 
grade (LGG versus HGG), gender and age, path-
ological grade (P=0.022) and PROK1 expres-
sion (P=0.01) were significantly associated 
with reduced survival times, whereas age and 
gender were not (Table 3). The results showed 
that high-level expression of PROK1 protein is 
an independent prognostic factor for poor sur-
vival of patients with glioma.

Relation between PROK1 expression and NFAT

The results of immunohistochemical analysis: 
NFAT gene expression was significantly higher 
in HGG than in LGG (P<0.05), details are given 
in Figure 3. Spearman correlation analysis 
showed that there was a significant correlation 
between cytoplasm PROK1 expression and 
NFAT positive expression(r=0.524, P<0.01). 
(Figure 3)

Discussion

Glioma is the most common type of intracranial 
tumor and has the highest incidence and mor-

tality. The adult incidence 
rate is <6/100,000 and the 
five-year survival rate for  
glioma is 20-30% [23, 24]. 
Glioma exhibits the biologi-
cal features of infiltrative 
growth and unclear bound-
aries; therefore, total resec-

tion is difficult. Although comprehensive treat-
ments, including radiotherapy and chemo- 
therapy, are available, the tumor still recurs 
easily because of the infiltrative nature and 
abnormal proliferation [25]. Invasion and migra-
tion acquisition is the first step of cancer 
metastasis, and it is always combined with EMT 
[26], infiltration is an essential pathologic fea-
ture of gliomas. Emerging evidence has sug-
gested that NFATs play important roles in the 
metastasis process. It was shown that NFATs 
are transcription factors for invasion and migra-
tion-associated genes, such as cyclooxygen-
ase-2 (COX-2) and autotaxin, whose overex-
pression enhances cell invasion and metastasis 
[27, 28]. Matrix metalloproteinases (MMPs) are 
also induced by NFATs in myocytes, glomerular 
mesangial cells and astrocytes [29-31]. More 
powerful evidence in tumor angiogenesis also 
have shown that NFATs enhance transcription 
of some target genes involved in angiogenesis, 
such as COX-2, tissue factor (TF) and caspase-8 
inhibitor cellular Fas-associated death domain-
like interleukin 1β-converting enzyme inhibitory 
protein (c-FLIP) [32]. The results above suggest 
that the NFAT pathways are involved in tumor 
lymphangiogenesis, so NFATs can facilitate 
tumor angiogenesis and lymphangiogenesis. 
Consequently, NFATs can promote tumor pro-
gression and metastasis. Proliferation is a nat-
ural occurrence in the growth of neoplasms, 
which leads to tumor metastasis and is involved 
in high intracranial pressure, cerebral hernia-
tion, and hydrocephalus, eventually reducing 
the chance of patient survival [33]. NFAT is a 
ubiquitous transcription factor in vertebrates, 
whose dysregulation induces the expression of 
various target genes involved in cancer devel-
opment. Some study showed that in pancreatic 
cancer NFAT2 can interacts with c-Myc, leading 
to cyclin D upregulation and anchorage-inde-
pendent growth [34]. Additionally, sequential 
induction of NFAT2 and c-Myc facilitates TGF-β-
promoted cell growth in various cancer cells 
[35]. It has been founded that Macrophages 
infiltrate into the tumor microenvironment and 
secrete epidermal growth factor (EGF) and col-
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Figure 3. The correlation between PROK1 expression 
and NFAT expression in gliomas. The correlation be-
tween PROK1 expression and NFAT expression. The 
correlation coefficient between PROK1 expression 
and NFAT expression was R=0.524. Correlation was 
observed.

ony-stimulating factor 1 (CSF1) to facilitate 
tumor proliferation and migration [36]. Some 
study has proved that NFATs can be in involved 
in the regulation of the tumor microenviron-
ment and progression by inducing CSF1 in both 
immune cells and tumor cells. Dysregulation of 
NFAT signaling confers malignant cells with pro-
survival potential under stress conditions, the 
calcineurin/NFAT pathway can promote glioma 
cell survival during the apoptosis in rat glioma 
cells induced by CsA [37]. As discussed above, 
NFATs have been shown to function in tumori-
genesis, proliferation, metastasis, drug resis-
tance and the tumor microenvironment. Al- 
though comprehensive treatments, including 
radiotherapy and chemotherapy, are available, 
the curative effect of malignant gliomas re- 
quires improvement, the identification of novel 
effective targets related with invasive behavior 
of malignant gliomas is of essential importance 
for glioma’s therapy. Prokineticin-1 (PROK1) is a 
multifunctional secreted protein which signals 
via the G-protein coupled receptor, PROKR1. 
The PROK/PROKR system has been associated 
with a considerable number of physiological 
and pathological functions. They are able to 

coordinate complex behaviors such as feeding, 
drinking, circadian rhythm, and hyperalgesia, 
but are also involved in neuron migration and 
survival, angiogenesis, hematopoiesis and in- 
flammation, multiple signaling events can be 
activated by the system [38]. Therefore, the 
PROK/PROKR system has elicited great inter-
est among cancer investigators because of its 
role as survival factors for certain tissue-specif-
ic cells, and for their ability to induce angiogen-
esis and coordinate a pro-inflammatory immune 
response. Prokineticins can participate actively 
in the tumorigenesis process (prostate, testi-
cles, neuroblastoma, colon, and pancreas) 
where they participate as a growth factor for 
cancer cells, an angiogenic and a chemotactic 
factor for pro-inflammatory neutrophils [8-13]. 
Whether Prokineticins could be implicated in 
other cancers has not yet been investigated, 
such as brain cancer, where they serve as very 
important growth factors for nerve cells of the 
olfactory bulb [39]. Our study showed that 
PROK1 is highly expressed in gliomas but not in 
normal human brain, that PROK1 expression in 
GBM (WHO grade IV) and AA (WHO grade III and 
IV) was higher than in (WHO grade II and grade 
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I), the protein expression of PROK1 increased 
with an increase in glioma malignancy and was 
significantly associated with malignant glio-
mas. It can be found that overexpression of 
PROK1 closely correlated with high expression 
of NFAT, which was related to tumor progres-
sion and invasiveness. Some reports showed 
that in endometrial cells PROK1 can activate 
the calcineurin/NFAT pathway to induce IL-8 
expression [40]. The correlation between 
PROK1 and NFAT is a particularly interesting 
finding in glioma that calls for further research 
to reveal the underlying mechanism of the 
interaction, PROK1 may regulate the progres-
sion of glioma via the NFAT pathway. Fur- 
thermore, PROK1 reflects poor prognosis of 
many malignant tumors [41]. In our study, a sig-
nificant association of high PROK1 expression 
with glioma patients’ shorter PFS time was 
seen, such that glioma patients with a high 
expression of PROK1 had a worse prognosis. 
Given that PROK1 enhances cell invasion and 
the degree of malignancy in a variety of tumor 
cells, we propose that PROK1 may be used  
as an indicator of glioma prognosis. However, 
there are limitations to our study. To eliminate 
interference factors, we examined follow-up for 
at least 3 years; therefore, patients receiving 
primary surgical treatment after December 
2014 were not included.

In conclusion, our present study indicated that 
high PROK1 expression in malignant gliomas 
tended to increase in parallel with pathological 
grade. Moreover, our results showed that 
PROK1 correlated with a poor prognosis and 
with NFAT as well, which were correlated with 
tumor progression and invasion, respectively, 
in gliomas. We conclude that PROK1 has the 
potential to be a useful tool in the prognosis 
and treatment of gliomas.
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