
Abstract. Background/Aim: The PRKCI gene encodes
Protein kinase C iota. The overexpression of protein kinase C
iota is associated with poor outcomes in patients with gastric
and other cancers, but the role of the PRKCI gene in gastric
cancer is not fully understood. Thus, we evaluated the clinical
significance of PRKCI gene expression in gastric cancer.
Materials and Methods: PRKCI mRNA expression levels in
cancerous tissues and adjacent normal mucosa from 398
patients with gastric cancer were measured. Relationships
between PRKCI gene expression and clinicopathological
characteristics and outcomes were examined. Results: Overall
survival was lower in patients with a high expression of
PRKCI than in those with low expression (p=0.016). No other
relationships were observed. A high PRKCI expression was
found to be an independent prognostic factor (p=0.036,
HR=1.44, 95%CI=1.02-2.02). Conclusion: PRKCI gene
expression in cancerous tissue might be a useful prognostic
factor in patients with gastric cancer after gastrectomy.

Gastric cancer is the fifth most common cancer and the third
leading cause of death from cancer worldwide (1). The
prognosis for advanced gastric cancer remains poor, despite

advancements in diagnostic methods, surgical techniques,
and chemotherapy. Therefore, outcomes may be improved
through personalized treatment using biomarkers. 

The PRKCI gene encodes protein kinase C iota (PKCi)
enzyme. The PKCi is a member of the protein kinase C
family and is an oncogenic K-ras effector protein. Protein
kinase C regulates various cellular functions, including cell
proliferation, division, differentiation, survival, migration,
and polarization (2-4). It was reported that PRKCI was
amplified in several human cancers, including esophageal
(5), lung (6), and ovarian cancer (7, 8). Additionally, the
overexpression of PKCi was associated with a poor
prognosis in patients with lung (6), pancreatic (9), ovarian
(7), bile duct (10), prostate (11), and gastric cancer (12). In
recent years, the roles of PKCi in tumorigenesis and
oncogenic signaling mechanisms have been demonstrated in
several cancers (2). Furthermore, it was reported that PRKCI
and SOX2 are co-amplified and serve a critical role in cancer
stem cell biology in lung squamous cell carcinoma (13).
However, the role of the PRKCI gene in gastric cancer has
not been sufficiently revealed. The aim of this study was to
reveal the clinical significance of PRKCI gene expression in
cancerous tissue from patients with gastric cancer.

Patients and Methods
Patients and samples. We studied specimens of cancerous tissue and
paired adjacent normal mucosa from the stomachs of 398 patients with
gastric cancer who did not receive preoperative therapy. The patients
underwent gastrectomy through either the Department of Surgery at
Yokohama City University and the Gastroenterological Center,
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Yokohama City University Medical Center and the Department of
Gastrointestinal Surgery at Kanagawa Cancer Center between 2002 and
2010. Informed consent was obtained from each patient, and the Ethics
Committees of the Yokohama City University (approval number: 18-
7A-4) and the Kanagawa Cancer Center approved the protocol (approval
number: epidemiological study-29) before the study was initiated. Each
tissue sample was embedded in optimal cutting temperature compound
(Sakura Finetechnical Co. Ltd., Tokyo, Japan) and immediately stored
at –80˚C until use. Tissue specimens were stained with hematoxylin and
eosin then histopathologically examined. Total RNA was prepared from
sections of tissue that consisted of >80% cancerous cells.

RNA extraction and complementary cDNA synthesis. Total RNA
isolated from cancerous tissue and adjacent normal mucosa was
prepared with the use of Trizol (Gibco, Life Technology, Gaithersburg,
MD, USA). cDNA was synthesized from 0.4 μg of total RNA with an
iScript cDNA Synthesis Kit (Bio-Rad Laboratories, Hercules, CA,
USA). Once it was synthesized, the cDNA was diluted in water to 0.2
μg/μl and stored at –20˚C until use.

Quantitative real-time reverse transcription polymerase chain
reaction. The oligonucleotide primers for PRKCI were as follows:
sense primer 5’-GCCAGGAGATACAACCAGCAC-3’ and antisense
primer 5’-CAAGAGCCCACCAGTCAACAC-3’. We used β-actin as
the internal control. The oligonucleotide primers for β-actin were as
follows: sense primer 5’-AGTTGCGTTACACCCTTTCTTGAC-3’
and antisense primer 5’-GCTCGCTCCAACCGACTGC-3’.
Quantitative real-time reverse transcription polymerase chain reaction
was performed using iQSYBR Green Supermix (Bio-Rad
Laboratories, Inc.). Reactions were carried out in a total volume of
15 μl that included: 0.2 μg of cDNA; 0.4 μM of each primer; 7.5 μl
of iQ SyBR Green Supermix containing dATP, dCTP, dGTP, and
dTTP at concentrations of 400 μM each; and 50 U/ml of iTag DNA
polymerase. The reaction consisted of: 1) 3 min at 95˚C, 2) 40 cycles
of denaturation of the cDNA for 10 seconds for PRKCI and for 15
seconds for β-actin at 95˚C, 3) annealing for 10 sec at 62.2˚C for
PRKCI and for 15 sec at 60˚C for β-actin, 4) primer extension at 72˚C
for 20 sec for PRKCI and for 30 sec for β-actin, and 5) 10 min at
72˚C. Melting curve analyses were carried out to distinguish specific
from nonspecific products and primer dimmers. To evaluate specific
mRNA expression in samples, a standard curve was produced for
each run, measuring 3 points of the human control cDNA (Clontech
Laboratories, Inc., CA, USA). The concentrations of each sample
were calculated by relating its crossing point to the standard curve.

Statistical analysis. Gene expression levels between cancerous and
adjacent normal mucosa were compared using the Wilcoxon test.
Relationships between gene expression and potential explanatory
variables, including the patient’s age, patient’s gender, size of the
tumor, depth of invasion of the tumor, presence of lymph node
metastasis, presence of distant metastasis, stage of the cancer,
lymphatic invasion of cancer, venous invasion of cancer, and
histological type of cancer, were evaluated with the chi-square test.
Associations between PRKCI gene expression and survival were
assessed using the Kaplan–Meier method and compared by the log-
rank test. A Cox proportional-hazards model was used to perform
univariate analyses and multivariate analyses to determine risk factors
for gastric cancer. The optimal cutoff point for PRKCI was selected
using the minimum p-value method, and the internal validity of the
cutoff point was confirmed using a twofold cross-validation approach

(14). All statistical analyses were performed using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan), which is
a graphical user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria). More precisely, it is a modified version
of R commander designed to add statistical functions frequently used
in biostatistics. Two-sided p-values were calculated, and a difference
was considered statistically significant at p<0.05.

Results

PRKCI mRNA expression. There were no significant
differences in PRKCI mRNA expression levels between the
cancerous tissues (1.40±3.44) and the normal adjacent
mucosa (1.33±2.71; p=0.273; Figure 1).

Relationship between PRKCI gene expression levels and
clinicopathological features in cancerous tissue. The study
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Table I. Relations between PRKCI gene expression and
clinicopathological factors.

Variables                           All patients   PRKCI expression       p-Value
                                             (n=398)            
                                                                  High           Low
                                                                 (n=94)       (n=304)             

Age (years)                                                                                     0.984
  <70                                       205               49              156                 
  ≥70                                       193               45              148                 
Gender                                                                                             0.876
  Female                                  119               27                92                 
  Male                                     279               67              212                 
Tumor size (mm)                                                                            0.064
  <65                                       213               42              171                 
  ≥65                                       185               52              133                 
Histological type                                                                                1
  Well/Moderate                     186               44              142                 
  Poor                                      212               50              162                 
Serosal invasion                                                                              0.546
  –                                            195               43              152                 
  +                                           203               51              152                 
Lymph-node metastasis                                                                  0.679
  –                                            119               26                93                 
  +                                           279               68              211                 
Distant metastasis                                                                            0.19
  –                                            317               70              247                 
  +                                             81               24                57                 
Lymphatic invasion                                                                        0.162
  –                                            136               26              110                 
  +                                           262               68              194                 
Venous invasion                                                                              0.378
  –                                            140               29              111                 
  +                                           258               65              193                 
TNM pathological stage                                                                 0.065
  I                                              64               13                51                 
  II                                           103               22                81                 
  III                                          150               35              115                 
  IV                                           81               24                57                 



samples were divided into two subgroups (high expression
group: n=304; low expression group: n=94) according to the
expression level of PRKCI mRNA (cutoff point=2.83). The
relationships between these subgroups and clinicopathological
features were examined, and no significant relationships were
found (Table I).

Relationship between PRKCI mRNA expression levels and
patient outcomes. The 5-year overall patient survival rate
was significantly lower in the high PRKCI expression group
than in the low expression group (51.1% vs. 62.5%,
respectively; p=0.016; Figure 2).

Univariate and multivariate analyses of the relationship of
clinicopathological factors and PRKCI mRNA expression
levels with overall survival. Through univariate Cox
regression analyses, high expression of the PRKCI gene,
patient’s gender, size of the tumor, serosal invasion, lymph
node metastasis, distant metastasis, lymphatic invasion, and
venous invasion were selected as significant factors of the
overall survival of patients with gastric cancer. Multivariate
analysis found that high expression of the PRKCI gene,
serosal invasion, lymph node metastasis, lymphatic invasion,
and venous invasion were independent prognostic factors in
patients with gastric cancer (Table II).

Discussion

In this study, we evaluated expression levels of PRKCI
mRNA in cancerous and adjacent normal mucosa. We then
examined the relationships between these expression levels,

clinicopathological factors and overall survival in patients
with gastric cancer after surgery to reveal the clinical
significance of PRKCI mRNA expression in cancerous tissue. 

First, we compared expression levels of PRKCI mRNA in
cancerous tissue and adjacent normal mucosa. Several
previous studies have compared expression levels of PRKCI
mRNA in various cancerous tissues and adjacent normal
tissues (6, 9, 11). The overexpression of PRKCI mRNA was
reported in many types of cancer (2), while significant
overexpression of PRKCI mRNA was not detected in bladder
cancer and brain cancer (2, 15, 16). Our results agreed with
the latter findings: expression levels of PRKCI mRNA were
not significantly higher in 227 specimens of cancerous tissue
compared to paired adjacent normal mucosa.

We next examined the relationship between the expression
of PRKCI and clinicopathological features. A previous
retrospective cohort study reported that high expression of
PRKCI significantly corelated with curability of the cancer,
depth of the tumor, stage of the cancer, and peritoneal
dissemination of the cancer (17). Another retrospective
cohort study of PKCi expression level showed that high
PKCi expression was significantly associated with diffuse
type and recurrence of cancer (12). However, in our study,
there was no significant relationship between the expression
level of PRKCI mRNA and clinicopathological features.

We then assessed the relationship between PRKCI mRNA
expression levels in cancerous tissues and outcomes in
patients with gastric cancer. Elevated PKCi expression was
previously shown to be associated with decreased survival
in patients with lung (6), bile duct (10), ovarian (18),
prostate (11), and gastric cancer (12). In our study, 5-year
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Figure 2. Comparison of overall survival between high and low
expression of the PRKCI gene.Figure 1. Comparison of PRKCI gene expression between gastric

cancerous tissue and adjacent normal mucosa.



survival was significantly lower in the high-PRKCI
expression group than in the low-PRKCI expression group.
We found that a High level of PRKCI gene expression was
a significant independent predictor of 5-year survival in
patients with gastric cancer. 

The mechanism through which PRKCI gene expression is
associated with poor prognosis of gastric cancer patients
after gastrectomy remains unclear. Various studies have
suggested that three main factors are involved. First, a high
expression of the PRKCI gene activates Rac family small
GTPase 1 (Rac1) and matrix metallopeptidase 10 (MMP10);
Rac1 is mediated by Ras; MMP10 induces epithelial–
mesenchymal transition to promote cancer cell proliferation
and invasion and may be associated with a poor prognosis
(19-21). Second, it is reported that high expression of the
PRKCI gene is closely related to cancer chemoresistance
because it inhibits apoptosis. PRKCI promotes nuclear factor
kappa B (NFkB) expression and inhibits apoptosis by
inducing BCL2 apoptosis regulator (Bcl2) expression by

NFkB expression (22, 23). Lastly, PRKCI gene expression
might promote immune suppressive environments that lead
to a poor prognosis of human cancers. An in vivo study in a
mouse model of ovarian cancer showed that a high
expression of PRKCI corelates with a high expression of Yes
associated protein (YAP1) and a low infiltration of cytotoxic
T cells (24). Further, YAP1 has been shown to induce
immune suppression in prostate tumors in mice through the
recruitment of myeloid-derived suppressor cells (MDSCs)
and suppression of CD8+ T cells (25).

There are several limitations in this study. First, this study
examined PRKCI mRNA expression in cancerous tissues. It is
necessary to examine both mRNA expression and protein
expression using the same specimen to determine the clinical
utility of a protein as a biomarker. Second, there is the
problem of heterogeneity in cancerous tissue. The sample
from which the mRNA was extracted was 5 mm2 of cancerous
tissue from the stomach that included the deepest part of the
tumor but did not completely represent the entire tumor.
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Table Ⅱ. Uni- and multivariate analysis of clinicopathological factors for overall survival.

Factors                                               Number of                           Univariate                             p-Value                      Multivariate                      p-Value
                                                             patients
                                                                                            HR                       95%CI                                            HR                  95%CI                      

Age (years)                                                                                                                                                                                                                     
   <70                                                       205                     1                                                                                                                                          
   ≥70                                                       193                     1.12                    0.82-1.52                  0.47                                                                        
Gender                                                                                                                                                                                                                            
   Female                                                  119                     1                                                                                  1                                                      
   Male                                                     279                     1.63                    1.14-2.35                  0.008              1.18                0.81-1.72               0.4
Tumor size (mm)                                                                                                                                                                                                           
   <65                                                       213                     1                                                                                  1                                                      
   ≥65                                                       185                     1.49                    1.09-2.02                  0.012              0.87                0.63-1.21               0.4
Histological type                                                                                                                                                                                                            
   Well/Moderate                                     186                     1                                                                                                                                          
   Poor                                                      212                     1.27                    0.93-1.73                  0.14                                                                        
Serosal invasion                                                                                                                                                                                                             
   –                                                            195                     1                                                                                  1                                                      
   +                                                           203                     3.02                    2.16-4.22                <0.001              1.65                1.14-2.40               0.009
Lymph-node metastasis                                                                                                                                                                                                 
   –                                                            119                     1                                                                                  1                                                      
   +                                                           279                     3.9                      2.46-6.17                <0.001              2.04                1.19-3.49               0.009
Distant metastasis                                                                                                                                                                                                          
   –                                                            317                     1                                                                                  1                                                      
   +                                                             81                     5.25                    3.82-7.23                <0.001              3.43                2.43-4.85             <0.001
Lymphatic invasion                                                                                                                                                                                                        
   –                                                            136                     1                                                                                  1                                                      
   +                                                           262                     2.54                    1.74-3.69                <0.001              1.28                0.87-1.88               0.2
Venous invasion                                                                                                                                                                                                             
   –                                                            140                     1                                                                                  1                                                      
   +                                                           258                     2.24                    1.56-3.21                <0.001              1.3                  0.85-1.99               0.23
PRKCI expression                                                                                                                                                                                                          
   Low                                                      304                     1                                                                                  1                                                      
   High                                                        94                     1.51                    1.08-2.11                  0.017              1.45                1.03-2.04               0.031



In conclusion, PRKCI gene expression in cancerous
tissues in the stomach may be a useful prognostic marker in
patients with gastric cancer.
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