Int J Clin Exp Pathol 2018;11(1):208-215
www.ijcep.com /ISSN:1936-2625/IJCEP0065869

Original Article
PKCδ reveals a tumor promoter function by promoting
cell proliferation and migration in somatotropinomas
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Abstract: Protein kinase C δ (PKCδ), a subtype of PKC family, has been recognized as a tumor promoter or suppressor depending on different tissue specificities in various tumor types. However, the effects of PKCδ on somatotropinomas are poorly understood. This study aims to explore the precise role of PKCδ in promoting tumor progression
in somatotropinomas. In the present study, we examined the expression levels of PKCδ in clinical specimens of
human somatotropinomas to show that PKCδ overexpression correlated with invasive properties of somatotropinomas. Furthermore, we employed rat anterior pituitary GH3 cells as the experiment model to demonstrate that
PKCδ activation by PKC agonist (Phorbol-12-myristate-13-acetate, PMA) significantly promoted the proliferation and
migration potential of GH3 cells, and these effects could be abolished following PKCδ inhibition by specific inhibitor
Rottlerin. Mechanistically, PKCδ activated ERK1/2 signaling, which was responsible for PKCδ-induced promotion of
GH3 cell proliferation and migration. Taken together, our results indicated that PKCδ functions as a tumor promoter
by promoting cell proliferation and migration in somatotropinomas.
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Introduction
Somatotropinomas cause acromegaly by producing excessive growth hormone (GH) and
insulin growth factor 1 (IGF1) [1-3]. Surgery is
the first-line therapy for somatotropinomas [4].
However, somatotropinomas often invade into
the surrounding structures, such as cavernous
sinus, sphenoid sinus, clivus, orbit, and brain
tissue. It has been well recognized that cellular invasion of somatotropinomas is the main
cause for incomplete tumor resection and postoperative recurrence [5]. Therefore, there is an
urgent requirement to understand the invasive
mechanism in somatotropinomas for targeted
therapy and prognosis.
PKC is a Ser/Thr kinase family, including more
than 12 subtypes [6]. PKC plays a multitude of
physiological and pathological roles through its
ability to phosphorylate target proteins involved
in various cellular processes such as hormone
secretion [7, 8], immune response [9], signal

transduction [10, 11], cell proliferation [12], differentiation [13], migration [14], invasion [15]
and apoptosis [16]. PKCδ, a subtype of PKC
family, is involved in tumor progression of various tumor types. The expression levels and activation patterns of PKCδ vary depending on
different cell specificities. Surprisingly, PKCδ
could function as a tumor promoter or suppressor depending on different tissue specificities
[17, 18]. Studies have implied that PKCδ is also
expressed in somatotropinomas [19], however,
little is known about its functions in somatotropinomas. The aim of this study is to investigate
the precise role of PKCδ in somatotropinomas.
Materials and methods
Human somatotropinoma samples
Between June 2014 and October 2015, a series of 32 somatotropinoma samples were collected from patients who underwent transsphenoidal surgery at the Department of Neurosurgery, Tongji Hospital affiliated to Tongji Me-
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dical College, Huazhong University of Science
and Technology. Tumor invasiveness was classified on the basis of intraoperative findings
and according to the Knosp grading scheme
[20]. In case of a discrepancy between intraoperative findings and Knosp classification, the
intraoperative findings were considered as gold
standard. Generally, we included 18 females
and 14 males, with a mean age of 41.0 years
(range 22-61 years) at the time of surgery.
Tumor sizes ≤10 mm were identified in 6 cases,
10-30 mm in 21 cases and ≥30 in 5 cases. 18
samples were classified to be invasive, while
14 were noninvasive. This work was approved
by the ethical committees at Tongji Hospital,
Tongji Medical College, Huazhong University of
Science and Technology. Written informed consent was obtained from all patients.
Immunohistochemistry (IHC) staining
Sections were deparaffinized in xylene, rehydrated through an ethanol gradient, following
a washed for 15 min with phosphate-buffered saline. Thereafter, sections were heated in
0.01 M citrate buffer (pH 6.0) at 95°C for 20
min for antigen retrieval. Endogenous peroxidase activity was blocked with 3% hydrogen
peroxidase in methanol for 10 min. Nonspecific
antibody binding was blocked by incubation
with the goat serum for 20 min. Primary antibody (Rabbit monoclonal to PKCδ, Abcam,
Cambridge, UK) was applied to sections overnight at 4°C in a humidified chamber. After
that, sections were treated with biotinylated
goat secondary antibodies against rabbit IgGs
for 30 min (ABC Elite, Vector Laboratories,
Burlingame, CA) and for 30 min with avidinbiotin complex (ABC Elite), followed by treatment with 0.06% diaminobenzidine (Sigma
Chemical, St Louis, MO) and 0.01% hydrogen
peroxidase for 5 min. Sections were counterstained with hematoxylin. Antibody specificity
control stains were performed by omitting primary antibodies. The percentage of positively
stained cells was determined using Image J
software (NIH) by counting around 400 tumor
cells at 400× magnification.
Cell line and cell culture
Rat somatotropinoma cells (GH3 cells) were
cultured in DMEM medium containing 10% FCS
and Penicillin/Streptomycin (10 mg/ml solution
diluted 1:100). Cells were grown in a humidified
atmosphere at 37°C under 5% CO2.
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Drug preparation
PKCδ activation in GH3 cells was performed
using PKC agonist PMA (Selleckchem, Shanghai, China) at the concentration of 1×10 -5 M for
48 h. PKCδ inhibition was achieved by specific
inhibitor Rottlerin (Selleckchem) at the at the
concentration of 1×10 -5 M for 48 h. ERK1/2
blocking was performed by specific inhibitor
U0126 at the concentration of 1.5×10 -5 M for
48 h.
Protein extraction and western blot
Membrane and cytosolic protein extraction was
performed using Mem-PER™ Plus Membrane
Protein Extraction Kit according to the manufacturer’s instructions (ThermoFisher, Shanghai, China). Protein concentrations were determined by BCA (bicinchoninic acid) assay (Sigma,
Munich, Germany). Equal amounts of proteins
were separated by SDS-PAGE (10%) and transferred onto nitrocellulose membranes. To block
nonspecific binding, membranes were immersed in 5% non-fat, dried milk in Tris-buffered
saline plus Tween (TBST, 50 mM Tris, pH 7.5,
150 mM NaCl, 0.05% Tween-20) for 1 h at
room temperature and incubated with primary
antibodies at 48°C overnight. After three washes for 5 min, blots were incubated with the
appropriate secondary HRP-antibodies at 37°C
for 1 h. Signals were detected by Super-Signal
chemiluminescent substrate (Pierce, Rockford,
IL). Band positions and band intensities were
calculated and standardized to GAPDH, using
a computerized image analysis system (Image
J, NIH, Bethesda, MA).
Cell proliferation assay
Cells were seeded into 96-well plates in triplicates. After 12 h incubation, cells were treated
with PMA, Rottlerin and their combination for
another 48 h. Subsequently, CCK-8 solution
were added into each well and incubated for
2 h at 37°C under 5% CO2. Absorbance at
490 nm was assessed in a plate reader (Tecan
Group Ltd., Männedorf, Switzerland).
Cell migration assay
To determine the migration potential of GH3
cells, scratch wound healing assay was performed in culture-insert micro-dishes according to the manufacturer’s manual (Ibidi GmbH,
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Table 1. The relationship between PKCδ expression and clinical parameters

Variable
Age (years)
≤41
>41
Gender
Male
Female
Tumor size (mm)
≤10
10-30
≥30
Invasiveness
Invasive
Noninvasive

Cases

PKCδ (positive
cells %)

13
19

38.96 ± 17.63
24.99 ± 1.07

0.059

14
18

28.94 ± 18.37
32.00 ± 22.71

0.685

6
21
5

5.87 ± 3.25
<0.0001
30.41 ± 14.02
61.46 ± 14.26

14
18

13.94 ± 10.23 <0.0001
43.67 ± 17.00

P value

Transwell invasion assay
Transwell invasion assay was performed to examine the invasion ability of GH3 cells. Briefly,
8 mm pore transwell inserts (BD Biosciences,
Heidelberg, Germany) were used as upper
chambers in a 24-well plate. Inserts were coated with 75 μl Geltrex Matrix (Geltrex LDEV-Free
Reduced Growth Factor Basement Membrane
Matrix, Life Technologies, Frankfurt, Germany).
After PMA and Rottlerin treatments, cells were
harvested in serum free medium and added to
the upper chambers. Simultaneously, 750 μl
DMEM medium supplemented with 10% FBS
was loaded into the 24 well plate and incubated for 48 h at 37°C. Thereafter, remaining cells
in the upper chamber were removed gently with
cotton swabs and cells that migrated through
the Geltrex Matrix to the bottom membrane of
the insert were fixed with 10% formalin and
stained with hematoxylin (Carl Roth GmbH,
Karlsruhe, Germany). Numbers of invaded cells
were counted microscopically at 200× magnification.
Cell apoptosis assessment
Cell apoptosis was assessed by flow cytometry
with Annexin V-FITC/PI double staining. Cells
were harvested after PMA and Rottlerin treatments and incubated with FITC-conjugated
Annexin V and PI according to the manufacturer’s instructions (KeyGEN Biotech, Nanjing,
China), thereafter, cells were subjected to Facscaliber II sorter machine (BD Biosciences,
Shanghai, China) and data were analyzed with
BD Cell Quest Pro software (BD Biosciences).

Figure 1. Representative IHC images for PKCδ staining in human invasive and noninvasive somatotropinomas.

Planegg, Germany). After PMA and Rottlerin
treatments, cells were harvested and seeded
into each chamber at densities of 1×105 cells/
ml in 100 μl culture medium. Following incubation at 37°C for 12 h and serum starving for
another 6 h, inserts were removed and 1 ml
DMEM medium with 2% FBS was added into
each well. Images were recorded immediately
after insert removal and 9 h later. Rates of cell
migration were assessed by counting cells in
the gaps using Image J software (NIH, Bethesda,
MA).
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Statistical analysis
Data are expressed as mean ± standard derivation and analyzed with statistical software
GraphPad Prism Ver. 6.05 (GraphPad Software,
San Diego, CA). Unless stated otherwise, statistical significance was determined for intergroup
comparison using Student’s t-test and statistical significance was achieved when the p value
is <0.05.
Results
PKCδ is overexpressed in invasive somatotropinomas
To determine the precise role of PKCδ in somatotropinomas, we examined the expression
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Figure 2. PKCδ promoted GH3 cell proliferation and migration potential. A.
Western blot was performed to detect the PKCδ activities. Note that PKCδ
was activated by PMA (10-5 for 48 h) and inhibited by Rottlerin (10-5 for 48
h) treatment in GH3 cells. Rottlerin could abolish PMA-induced activation of
PKCδ. B. CCK-8 assays were performed to assess GH3 cell proliferation. Note
that PMA treatment significantly increased cell proliferation, while Rottlerin
significantly reduced cell proliferation; Rottlerin could abolish PMA-induced
promotion of cell proliferation. C, D. Wound healing assays were employed to
determine GH3 cell migration ability. Note that PMA treatment significantly
increased the number of migrated cells, while Rottlerin significantly reduced
migrated cells in somatotropinomas; Rottlerin could abolish PMA-induced
promotion of cell migration. *P<0.05, ***P<0.001 vs. Ctrl group.

levels of PKCδ by IHC staining in human somatotropinoma tissues and analyzed the relationship between PKCδ expression and clinical
characteristics. The results showed that PKCδ
expression was not correlated with patient age
or gender. However, a positive correlation was
observed between PKCδ expression and tumor
size as well as tumor invasiveness (Table 1;
Figure 1). These findings indicate that PKCδ
acts as a tumor promoter in somatotropinomas.
PKCδ promotes the proliferation and migration
without influencing the invasion and apoptosis
of GH3 cells
To further determine the functional role of PKCδ
in somatotropinomas, we examined the impact
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of PKCδ on GH3 cell proliferation, migration, invasion and
apoptosis. As a result, we
found that PKCδ activation by
PMA significantly promoted
GH3 cell proliferation and
migration, while PKCδ inhibition by Rottlerin exerted a significant suppression on GH3
cell proliferation and migration. Furthermore, the promotion of GH3 cell proliferation
and migration induced by PKC
agonist PMA could be abolished by specific PKCδ inhibitor Rottlerin (Figure 2). We
also assessed whether PKCδ
affected GH3 cell invasion
and apoptosis potential. The
results showed that activation or inhibition of PKCδ did
not influence GH3 cell invasion and apoptosis (Figure
3). Taken together, our data
suggest that PKCδ promotes
cell proliferation and migration without influencing cell
invasion and apoptosis in somatotropinomas.
PKCδ activates ERK1/2 signaling in GH3 cells

It is demonstrated that PKC is
associated with ERK1/2 and
NF-κB signaling. To determine
the mechanistic role of PKCδ
in somatotropinomas, we assessed the impact of PKCδ on ERK1/2 and
NF-κB signaling in GH3 cells. We found that
PKCδ activation by PMA significantly increased the phosphorylation of ERK1/2, while PKCδ
inhibition by Rottlerin reduced the phosphorylation of ERK1/2. Moreover, Rottlerin could abolish PMA-induced promotion of ERK1/2 phosphorylation (Figure 4). However, activation or
inhibition of PKCδ did not influence NFκB phosphorylation in GH3 cells (Figure 4). These findings indicate that of PKCδ activates ERK1/2
signaling in somatotropinomas.
PKCδ promotes GH3 cell proliferation and
migration via ERK1/2 signaling pathway
Specific inhibitor for ERK1/2 (U0126) was employed to test whether PKCδ promoted GH3
Int J Clin Exp Pathol 2018;11(1):208-215
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Figure 3. PKCδ did not influence GH3 cell invasion and apoptosis. A, B. Transwell invasion assays were used to detect cell invasion ability of GH3 cells. PKCδ activation or inhibition did not affect GH3 cell invasion capability. C, D.
Flow cytometry with Annexin V-FITC/PI double staining was performed to examine GH3 cell apoptosis. PKCδ activation or inhibition did not influence GH3 cell apoptosis.

Discussion
PKC is expressed in numerous human tissues, and the
expression and function of
individual PKC subtypes vary
according to different tissue
specificities [6, 21, 22]. PKCδ,
a special member of PKC
family, plays a vital role in
various cellular process, such
as proliferation, differentiaFigure 4. PKCδ activated ERK1/2 but not NF-κB signaling in GH3 cells. A, B.
tion, migration, invasion and
-5
-5
PKCδ was activated by PMA (10 for 48 h) and inhibited by Rottlerin (10 for
apoptosis [18, 23-25]. Inter48 h) treatment in GH3 cells. Note that PMA significantly enhanced ERK1/2
signaling in GH3 cells, while Rottlerin remarkably attenuated ERK1/2 signalest in PKCδ has increased
ing; Rottlerin could cancel PMA-induced enhancement on ERK1/2 signaling.
because it could function as
However, PKCδ activation and inhibition did not influence NF-κB signaling
a tumor promoter or supprespathway. *P<0.05, **P<0.01 vs. Ctrl group.
sor alternatively according to
different tissue specificities.
cell proliferation and migration via ERK1/2 sigFor example, Hai Li et al. found that PKCδ was
naling pathway. The re-sults showed that ERoverexpressed in gastric cancer and promoted
K1/2 blocking by U0126 significantly reduced
tumor invasion and metastasis by enhancing
GH3 cell proliferation and migration. Furthertumor cell migration, invasion and proliferation
more, ERK1/2 blocking significantly abolished
[26], but Hsien-Ming Wu et al. demonstrated
PMA-induced promotion of GH3 cell proliferathat PKCδ functioned as a tumor suppressor by
tion and migration (Figure 5). Taken together,
inducing tumor cell apoptosis in human endothese findings indicate that PKCδ promotes cell
metrial cancer [27]. Little is known about the
proliferation and migration via ERK1/2 signalprecise role of PKCδ in somatotropinomas. In
ing patway in somatotropinomas.
our study, we examined the expression of PKCδ
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Figure 5. PKCδ promoted GH3 cell proliferation and migration via ERK1/2 signaling pathway. A. CCK-8 assays were
performed to assess GH3 cell proliferation. Note that ERK1/2 blocking using specific inhibitor (U0126) abolished
PMA-induced promotion of GH3 cell proliferation. B. Wound healing assays were employed to determine GH3 cell
migration ability. Note that ERK1/2 blocking using specific inhibitor (U0126) abolished PMA-induced promotion of
GH3 cell migration. *P<0.05, **P<0.01 vs. Ctrl group.

in human somatotropinoma tissues and demonstrated that PKCδ expression positively correlated with tumor size and invasiveness, indicating that PKCδ might function as a tumor
promoter in somatotropinomas.
PKC is initially produced and released into cytoplasm, where it could be phosphorylated to a
stable structure. The translocation to cell membrane with DAG (diacylglycerol) binding is considered to be the sign of PKC activation [22].
Active PKC can regulate various cellular functions by phosphorylating different target proteins. In this study, we evaluated the effects of
PKCδ activities on cellular functions of somatotropinomas. As a result, PKCδ activation significantly enhanced GH3 cell proliferation and
migration potential, while PKCδ inhibition exerted a significant suppression on GH3 cell proliferation and migration. However, activation or
inhibition of PKCδ in somatotropinomas were
not correlated with GH3 cell invasion and apoptosis potential. These results indicated that
the cellular functions of PKCδ also varied according to different tissue specificities. An interesting finding in our study is that specific inhibitor of PKCδ (Rottlerin) could abolish the
promotion of cell proliferation and migration
induced by broad-spectrum PKC agonist (PMA),
suggesting that PKCδ might be a major cause
of tumor progression in somatotropinomas.
NFκB and ERK1/2 signaling pathways are associated with PKC activities [11, 26, 28-30]. In
our study, we assessed the impact of PKCδ
activation and inhibition on these signaling
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pathways. The results showed that PKCδ activation only enhanced ERK1/2 signaling, leaving
NF-κB signaling intact. ERK1/2 blocking using
specific inhibitor could abolish the promotion
of cell proliferation and migration induced by
PKCδ activation, indicating that promotes cell
proliferation and migration via ERK1/2 signaling pathway in somatotropinomas.
Although inhibition of PKC has been achieved in
vitro and in vivo [31-34], a broad spectrum inhibition of PKC subtypes is usually inappropriate
because of their essential physiological functions. A precise inhibition of specific PKC subtype in targeted tissues might be a promising
strategy and is a matter of future research
activities.
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