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pancreatic cancer is identified, it is hard to treat 
because it is diagnosed mostly in the advanced 
stage. At that stage, the therapy lacks of effica-
cy2. The major reasons point out for developing 
pancreatic cancer are smoking3, family history 
of pancreatic cancer4, obesity, advanced ageing, 
high-fat diet, periodontal disease5. The 5-year 
survival rate of pancreatic cancer accounts for on-
ly 20%. In the advanced stages with metastasis, 
the survival rate6 is only 2%. Pancreatic cancer 
occurs due to molecular level changes in cancer 
controlling genes and one particularly important 
gene in that is TP53 which codes for P53 protein. 
It was reported that 75% of pancreatic cancer 
are due to a mutation that accumulates in TP53 
gene, that results with impaired P53 which lacks 
the ability to control cell proliferation and apop-
tosis7,8.

Chemotherapy with multiple drug combina-
tion together with radiotherapy has an impressive 
result in increasing the survival of the patient9,10. 
But there is a problem associated with it regard-
ing the drug availability and lack in large group 
studies in the view point of side effects8. Besides 
this the dose range of drugs in different stages of 
pancreatic cancer needs to be studied with a large 
group of patients in the different background are 
essential to access the chemosensitive and che-
moresistance response to different drugs. The 
drug sensitivity for pancreatic cancer is achieved 
by key proteins associated with it, for example, 
SPARC helps in the delivery of paclitaxel thereby 
improving its sensitivity11. 

Prokineticin receptor 2 (PKR2) is a protein that 
binds with Prokineticin 2 and carries out various 
biological activities in the complicated microen-
vironment of tumorigenesis12. Particularly, it has a 
wide effect on gastrointestinal motility, circadian 
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MATERIALS AND METHODS: Initially, using 
KRAS mutant mice, we developed initial and ad-
vanced stage of pancreatic cancer. And we an-
alyzed the expression of PKR2 and β-catenin in 
different pathological stages of pancreatic can-
cer using Immunohistology and Western blotting. 
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Introduction

Pancreatic cancer is one of the leading forms 
of cancer that results with high mortality1. Once 

European Review for Medical and Pharmacological Sciences 2017; 21: 48-54

R.-L. ZHONG1,2, Y. LI3, Z. FANG3, K.-F. FANG3, L. WANG3

1Cancer Center, Union Hospital, Tongji Medical College, Huazhong University of Science and 
Technology, Wuhan, China
2Department of General Surgery, Wuhan No.6 Hospital, JiangHan Medical College, Wuhan, China
3Department of Emergency Surgery, Wuhan Union Hospital, Tongji Medical College, Huazhong 
University of Science and Technology, Wuhan, Hubei Province, China

Corresponding Author: Wang Li, MD; e-mail: liwang1456@hotmail.com

PKR2 and β-catenin genes regulates pancreatic 
cancer chemosensitivity



Role of PKR2 and β-catenin in chemosensitivity 

49

rhythm, neurogenesis, angiogenesis, nociception 
and hematopoiesis13. β-catenin play a critical role 
in development, homeostasis, cell-cell adhesion, 
activating transcriptional factors and also have a 
diverse function by interacting with non-Wnt sig-
nalling pathway14. Recently, it was revealed that 
developing chemoresistance against Wnt signal-
ling is a major reason for developing pancreatic 
cancer15. But studies with a different experimental 
setup with a diverse pathological stage are critical 
to understand the molecular mechanism behind it.

Materials and Methods

Mouse Model with Pancreatic Cancer
The mice model (TM00314) with a mutation in 

KRAS G12A and MPL was purchased from Jack-
son Laboratory. The mutation in KRAS gene can 
develop pancreatic cancer16. To study pancreatic 
cancer in different pathological stages, one group 
of KRAS and MPL mice was allowed to grow up 
to two months and sacrificed to study the earli-
er effects associated with PKR2 and β-catenin. 
Another group of mice was maintained for four 
months and later sacrificed to study the changes 
in advanced stages. For treatment purposes and 
to study chemosensitivity, cisplatin was given for 
ten days for initial stages of pancreatic cancer and 
for fifteen days for aggressive cancer in a dose 
range of 8 mg/kg, and they are further analyzed. 
The animals subjected to the present investigation 
and the protocols followed were approved by the 
Animal Care Committee of the host organization. 

Immunohistochemistry and Antibody 
The dissected pancreatic samples from control, 

initial and aggressive stages of pancreatic cancer 
are subjected to fixation with 10% formaldehyde 
solution. After washing the tissue they are sub-
jected to dehydration, clearing and paraffin em-
bedded as described in previous protocol17. The 
paraffin embedded tissues are sliced using micro-
tome into 5 µm size and place on a slide warm-
ing table for dewaxing. To prevent non-specific 
signals, the endogenous peroxidase activity was 
blocked using 10% H2O2. Following treating with 
4% bovine serum albumin (BSA), the tissue sec-
tions are incubated with an anti-PKR2 antibody, 
Biorbyt (orb336449) or anti β-catenin antibody, 
ab32572 (Abcam, Cambridge, UK) for overnight 
at 4ºC. After washing the tissue for two times, they 
are further incubated with suitable secondary an-
tibody for 1 hour at room temperature. The slides 

are then washed to prevent non-specific binding 
of antibody and incubated with a diaminobenzi-
dine (DAB) solution. The signals developed are 
visualized and documented using a microscope. 

Western Blot Analysis
To examine the expression of PKR2 and β-cat-

enin in various samples of control, earlier and ad-
vanced stage of pancreatic disease of mice tissue, 
Western blotting was performed. The dissected 
tissue was homogenized and resolved in 12% so-
dium dodecyl sulphate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) gel as already described 
[18]. The proteins that are resolved are transferred 
to a polyvinylidene fluoride (PVDF) membrane 
and blocked with 4% BSA solution to prevent 
non-specific binding of the antibody. After that, 
the membrane is incubated with primary antibody 
of anti-PKR2 antibody, Biorbyt (orb336449) or 
anti β-catenin antibody, ab32572 (Abcam, Cam-
bridge, UK) for overnight at 4ºC. The membrane 
is then washed with 1X TBS-T (tris buffered 
saline-tween) and it is incubated with the corre-
sponding secondary antibody for 2 hours at room 
temperature. After washing, the membrane is 
washed to develop the signal.

Statistical Analysis
The experiments are repeated for more 

than three times and statistical significant was 
achieved. The significant differences among the 
data were estimated using student’s t test. The sta-
tistical data are represented as mean ± SEM. The 
p values were calculated and considered as statis-
tically significant when p value < 0.05.

Results

Histological Variation Observed Between 
Control, Earlier and Advanced Stages of 
Pancreatic Cancer

The KRAS gene mutated mice was grown for 
two months and four months respectively and 
were histologically observed for any changes in 
the pancreatic tissue along with the control. The 
results with the control tissue of pancreas show 
the homogeneous arrangement of tissue pattern 
(Figure 1A). The mice at the end of the 2nd month 
show pancreatic tissue abnormalities with a dis-
turbed tissue layer along with enlarged nucleus 
(Figure 1B). The morphology of the tissue em-
phasizes the initial pancreatic cancer. The mice 
that are maintained for up to four months shows 
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adverse changes in the tissue pattern with clus-
tering of cells that result with tissue hardening 
(Figure 1C). Following treatment with cisplatin 
the initial form of pancreatic cancer revert as it 
begins to rearrange the tissue pattern as evident 
from the histological data (Figure 1D). The mice 
in advanced stage show minimal recovery as it 
dislocate clustering of cells, but shows clustering 
in minute pockets of cells (Figure 1E).

Assessing the Expression of PKR2 and 
β-Catenin in Different Pathological 
Stages of Pancreatic Cancer

To analyze the role of PKR2 and β-catenin 
expression in different stages of pancreatic can-
cer the mice were sacrificed and their dissected 
pancreatic tissue was subjected to Immunohis-
tological analysis by following the protocol as 
mentioned in materials and methods. PKR2 me-
diate signal transaction associate with the binding 
of prokineticins and it is involved in activating 

many intracellular signalling pathways19,20. Here 
we find out that the expression of PKR2 shows 
prominent expression in the control tissue (Figure 
2A) because lacking of which results with many 
abnormalities include the irregular development 
of reproductive and olfactory system21. Although 
PKR2 is essential to regulate the normal devel-
opmental process, we observed that its elevated 
expression is associated with initiation of pancre-
atic cancer that is clearly observed in the KRAS 
gene mutated mice that are maintained for 2 
months (Figure 2B). The PKR2 expression shows 
the magnitude of overexpression in the advanced 
stage of pancreatic cancer mice (Figure 2C). On 
the course of treatment with cisplatin, the initial 
form of cancer responds well and its chemosensi-
tivity is assessed with decreased with the expres-
sion of PKR2 (Figure 2D). On the other hand, the 
PKR2 shows threshold decrease in expression in 
the cisplatin-treated mice with advanced pancre-
atic cancer (Figure 2E). 

Figure 1. Mice model with pancreatic cancer. A, Histological image of control pancreatic tissue with a regular pattern of 
cell arrangement. B, Histology of initial stages of pancreatic cancer tissue with enlarged nucleus. C, Histology of aggressive 
pancreatic cancer tissue with intense lesions together with clustered cells. D, Histology of the initial stages of pancreatic cancer 
treated with cisplatin shows prominent improvement with rearrangement of cells. E, Histology of aggressive pancreatic cancer 
tissue treated with cisplatin shows minimum recovery with slight spreading of clustered cells Scale Bar denotes 50 µm size.
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Similarly, the β-catenin expression also shows 
a prominent increasing pattern as the tumor ad-
vanced to the next level. The control tissue shows 
a prominent expression of β-catenin to maintain 
normal cellular activity in control tissue (Fig-
ure 3A) and on tumor stimulation its expression 
gets upregulated constantly as shown in the ini-
tial (Figure 3B) and advanced stages (Figure 3C). 
After treatment with cisplatin in the initial stage 
the cell responds well with chemosensitive nature 
along with downregulated expression of β-caten-
in (Figure 3D) but its overexpression is document-
ed in advanced stages of cancer with chemoresis-
tance behavior (Figure 3E).

Western Blotting Analysis
To significantly confirm the expression of 

PKR2 and β-catenin at various stages of pancre-
atic cancer Western blotting was performed. We 
find out as the cancer progress to each next stage 
the PKR2 and β-catenin show overexpression 

(Figure 3, Lane 1-3) and our results superimpose 
with immunohistological data. Following the 
treatment procedure, the PKR2 and β-catenin ex-
pression sharply downregulated at critical stages 
of chemosensitivity for cisplatin treatment (Fig-
ure 3, Lane 4). Interestingly, we observed over-
expression of β-catenin in the advanced stage of 
cancer that are treated with cisplatin, but PKR2 
shows decreased expression when compared with 
the respective controls (Figure 3, Lane 5).

Discussion

Pancreatic cancer is a life threading disease 
that is difficult to prognosticate in the early stag-
es22,23. Another reason for therapeutic failure in 
treating pancreatic cancer is developing drug re-
sistance against the drug2. Therefore, identifying 
and treating patients in the initial stage is more 
vital to improve the survival rate and it is also es-

Figure 2. Expression of PKR2 in different pathological stages of pancreatic cancer. A, PKR2 that regulates normal functions 
of the pancreas shows slight expression in the control tissue. B, Initial pancreatic cancer with increased expression of PKR2. 
C, Aggressive pancreatic cancer shows over expression of PKR2. D, Initial stage of pancreatic cancer treated with cisplatin 
shows decreased expression of PKR2. E, Aggressive stage of pancreatic cancer treated with cisplatin shows over expression 
of PKR2. Scale Bar denotes 50 µm size.
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sential to study the genes associated with chemo-
sensitivity and chemoresistance. Genetic changes 
are the key in developing drug resistance mecha-

nism and changes in some vital genes can lead to 
multiple drug resistance24. In this study, we used 
cisplatin to assess the relation of PKR2 and β-cat-
enin genes that are linked with chemosensitivity. 

In the present study, we used a mouse model 
with a mutation in KRAS gene, which provides 
a potent model to active oncogene16. The mutant 
mice respond well, and it develops initial stage of 
pancreatic cancer on 2nd months and with aggres-
sive on 4th months which are evident with the his-
tological sections. The histological sections with 
harden tissue implies the solid and firm nature of 
pancreatic cancer8. The drug cisplatin responds 
well for initial cancer, but it shows no progress in 
treating an advanced form of pancreatic cancer. 
One possible reason may be, it shows morpholog-
ically unassessable for the drug due to the solid 
form of cancer in advanced stages. 

Previously studies25 reported that some genes are 
involved in regulating chemosensitivity, e.g., β-tu-
bulins. Here we point out that PKR2 and β-catenin 

Figure 3. Expression of β-catenin in different pathological stages of pancreatic cancer. A, β-catenin that regulates normal 
functions of the pancreas shows slight expression in the control tissue. B, Initial pancreatic cancer with increased expression 
of β-catenin. C, Aggressive pancreatic cancer shows over expression of β-catenin. D, initial stage of pancreatic cancer treated 
with cisplatin shows decreased expression of β-catenin. E, Aggressive stage of pancreatic cancer treated with cisplatin shows 
over expression of β-catenin. Scale Bar denotes 50 µm size.

Figure 4. Western blot analysis. Lane 1 (row1 & 2) rep-
resents the PKR2 & β-catenin expression in control pancre-
atic tissue. Lane 2 band represents the PKR2 & β-catenin 
expression in initial pancreatic cancer. Lane 3 shows PKR2 
& β-catenin expression in aggressive pancreatic cancer. Lane 
4 implies PKR2 & β-catenin expression in initial pancreat-
ic cancer tissue treated with cisplatin. Lane 5 implies PKR2 
& β-catenin expression in advanced pancreatic cancer tissue 
treated with cisplatin. Actin was used as a loading control.
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are involved in chemoresistance and chemosensitiv-
ity which are clearly observed through immunohis-
tochemical data. Peculiarly, we observed that in the 
advanced stage of pancreatic cancer, which is treat-
ed with cisplatin, the β-catenin overexpressed which 
helps to conclude the drug resistance ability. 

Conclusions

We successfully use KRAS mutated mice de-
velop initial and advanced stage of pancreatic 
cancer. And using PKR2 and β-catenin, we assess 
the chemosensitivity and chemoresistance nature 
of the drug cisplatin, in which will be helpful in 
understanding the chemoresistance behavior.

Acknowledgement
This project was supported by grants from the Na-
tional Natural Sciences Foundation of Hubei Prox-
ince, China (No. 2015CFB621) and the Fundamental 
Research Funds for the Wuhan Union Hospital, China 
(No: 02.03.2015-57).

Conflict of interest
The authors declare no conflicts of interest.

References

  1)	 Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun MJ. 
Cancer statistics, 2009. CA Cancer J Clin 2009; 
59: 225-249.

  2)	 Long J, Zhang Y, Yu X, Yang J, LeBrun DG, Chen C, 
Yao Q, Li M. Overcoming drug resistance in pan-
creatic cancer. Expert Opin Ther Targets 2011; 15: 
817-828.

  3)	 Blackford A, Parmigiani G, Kensler TW, Wolfgang C, 
Jones S, Zhang X, Parsons DW, Lin JC, Leary RJ, Esh-
leman JR, Goggins M, Jaffee EM, Iacobuzio-Donahue 
CA, Maitra A, Klein A, Cameron JL, Olino K, Schulick 
R, Winter J, Vogelstein B, Velculescu VE, Kinzler KW, 
Hruban RH. Genetic mutations associated with 
cigarette smoking in pancreatic cancer. Cancer 
Res 2009; 69: 3681-3688.

  4)	 Petersen GM, de Andrade M, Goggins M, Hruban RH, 
Bondy M, Korczak JF, Gallinger S, Lynch HT, Syngal 
S, Rabe KG, Seminara D, Klein AP. Pancreatic cancer 
genetic epidemiology consortium. Cancer Epide-
miol Biomarkers Prev 2006; 15: 704-710.

  5)	 Raimondi S, Maisonneuve P, Lowenfels AB. Epidemi-
ology of pancreatic cancer: an overview. Nat Rev 
Gastroenterol Hepatol 2009; 6: 699-708.

  6)	 Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 
2010. CA Cancer J Clin 2010; 60: 277-300.

  7)	 Jones S, Zhang X, Parsons DW, Lin JC, Leary RJ, An-
genendt P, Mankoo P, Carter H, Kamiyama H, Jimeno 
A, Hong SM, Fu B, Lin MT, Calhoun ES, Kamiyama M, 
Walter K, Nikolskaya T, Nikolsky Y, Hartigan J, Smith 
DR, Hidalgo M, Leach SD, Klein AP, Jaffee EM, Gog-
gins M, Maitra A, Iacobuzio-Donahue C, Eshleman 
JR, Kern SE, Hruban RH, Karchin R, Papadopoulos 
N, Parmigiani G, Vogelstein B, Velculescu VE, Kinzler 
KW. Core signaling pathways in human pancreat-
ic cancers revealed by global genomic analyses. 
Science 2008; 321: 1801-1806.

  8)	 Wolfgang CL, Herman JM, Laheru DA, Klein AP, 
Erdek MA, Fishman EK, Hruban RH. Recent prog-
ress in pancreatic cancer. CA Cancer J Clin 2013; 
63: 318-348.

  9)	 Yovino S, Maidment BW 3rd, Herman JM, Pandya N, 
Goloubeva O, Wolfgang C, Schulick R, Laheru D, 
Hanna N, Alexander R, Regine WF. Analysis of lo-
cal control in patients receiving IMRT for resected 
pancreatic cancers. Int J Radiat Oncol Biol Phys 
2012; 83: 916-920.

10)	 Rich TA, Winter K, Safran H, Hoffman JP, Erickson 
B, Anne PR, Myerson RJ, Cline-Burkhardt VJ, Pe-
rez K, Willett C. Weekly paclitaxel, gemcitabine, 
and external irradiation followed by randomized 
farnesyl transferase inhibitor R115777 for locally 
advanced pancreatic cancer. Onco Targets Ther 
2012; 5: 161-170.

11)	 Von Hoff DD, Ramanathan RK, Borad MJ, Laheru 
DA, Smith LS, Wood TE, Korn RL, Desai N, Trieu V, 
Iglesias JL, Zhang H, Soon-Shiong P, Shi T, Rajeshku-
mar NV, Maitra A, Hidalgo M. Gemcitabine plus 
nab-paclitaxel is an active regimen in patients 
with advanced pancreatic cancer: a phase I/II tri-
al. J Clin Oncol 2011; 29: 4548-4554.

12)	 Curtis VF, Wang H, Yang P, McLendon RE, Li X, Zhou 
Q-Y, Wang X-F. A PK2/Bv8/PROK2 antagonist 
suppresses tumorigenic processes by inhibiting 
angiogenesis in glioma and blocking myeloid cell 
infiltration in pancreatic cancer. PLos One 2013; 
8: e54916.

13)	 Zhou QY. The prokineticins: a novel pair of regula-
tory peptides. Mol Interv 2006; 6: 330-338.

14)	 Valenta T, Hausmann G, Basler K. The many faces 
and functions of β‐catenin. EMBO J 2012; 31: 
2714-2736.

15)	 Cui J, Jiang W, Wang S, Wang L, Xie K. Role of 
Wnt/β-catenin signaling in drug resistance of pan-
creatic cancer. Curr Pharm Des 2012; 18: 2464-
2471.

16)	 O’Hagan RC, Heyer J. KRAS Mouse Models: Mod-
eling Cancer Harboring KRAS Mutations. Genes 
Cancer 2011; 2: 335-343.

17)	 Su JH, Anderson AJ, Cummings BJ, Cotman CW. 
Immunohistochemical evidence for apoptosis in 
Alzheimer’s disease. Neuroreport 1994; 5: 2529-
2533.

18)	 Towbin H, Staehelin T, Gordon J. Electrophoretic 
transfer of proteins from polyacrylamide gels to ni-
trocellulose sheets: procedure and some applica-
tions. Proc Natl Acad Sci USA 1979; 76: 4350-4354.



R.-L. Zhong, Y. Li, Z. Fang, K.-F. Fang, L. Wang

54

19)	 Soga T, Matsumoto SI, Oda T, Saito T, Hiyama H, 
Takasaki J, Kamohara M, Ohishi T, Matsushime H, Fu-
ruichi K. Molecular cloning and characterization 
of prokineticin receptors. Biochim Biophys Acta 
2002; 1579: 173-179.

20)	 Lin R, LeCouter J, Kowalski J, Ferrara N. Character-
ization of endocrine gland-derived vascular en-
dothelial growth factor signaling in adrenal cor-
tex capillary endothelial cells. J Biol Chem 2002; 
277: 8724-8729.

21)	 Matsumoto S, Yamazaki C, Masumoto KH, Nagano M, 
Naito M, Soga T, Hiyama H, Matsumoto M, Takasaki 
J, Kamohara M, Matsuo A, Ishii H, Kobori M, Katoh 
M, Matsushime H, Furuichi K, Shigeyoshi Y. Abnormal 
development of the olfactory bulb and reproduc-
tive system in mice lacking prokineticin receptor 
PKR2. Proc Natl Acad Sci USA 2006; 103: 4140-
4145.

22)	 Lin QJ, Yang F, Jin C, Fu DL. Current status and 
progress of pancreatic cancer in China. World J 
Gastroenterol 2015; 21: 7988-8003.

23)	 Yang D, Zhu Z, Wang W, Shen P, Wei Z, Wang C, 
Cai Q. Expression profiles analysis of pancreat-
ic cancer. Eur Rev Med Pharmacol Sci 2013; 17: 
311-317.

24)	 Zhou J, Liu M, Aneja R, Chandra R, Lage H, Joshi 
HC. Reversal of p-glycoprotein-mediated mul-
tidrug resistance in cancer cells by the c-jun 
nh2-terminal kinase. Cancer Res 2006; 66: 445-
452.

25)	 McCarroll JA, Sharbeen G, Liu J, Youkhana J, Gold-
stein D, McCarthy N, Limbri LF, Dischl D, Ceyhan GO, 
Erkan M, Johns AL, Biankin AV, Kavallaris M, Phillips 
PA. βIII-Tubulin: A novel mediator of chemoresis-
tance and metastases in pancreatic cancer. On-
cotarget 2015; 6: 2235-2249.


