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Protein kinase C-0 knockout decreases serum IL-10 levels and inhibits insulin
secretion from islet 3 cells
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ABSTRACT

Various subtypes of protein kinase C (PKC) are expressed in islet B cells and regulate 3 cell
proliferation and survival. PKC-0 is distributed in the immune system and promotes the secretion
of IL-10, which manifests a critical role in the onset of diabetes, by the immune cells. However, the IL-10
role of PKC-0 in islets has not been concerned. In the present study, we investigated the role of PKC-

0 in the protection of islet 3 cells and insulin secretion. Fasting glucose and insulin measurement,

glucose tolerant test, immunofluorescence, and ELISA were conducted to study the influence of

PKC-6 knockout on islet 3 cell survival and function, and explore the mechanism underlying this
regulation. PKC-8 knockout mice at 2 weeks manifested normal serum insulin levels, glucose
tolerance, and (3 cell mass. Knockout mice at 8 weeks show decreased B cell mass, but manifested

normal insulin levels and glucose tolerance. Knockout mice at 16 weeks manifested impaired
glucose tolerance, B cell mass, and decreased glucose stimulated insulin secretion. Furthermore,
knockout mice manifested decreased serum IL-10 level compared with normal mice since 2 weeks.

IL-10 injection into knockout mice improved glucose tolerance, serum insulin level, and reduced 8

cell mass, and IL-10 administration into cultured pancreatic tissue increased glucose stimulated

insulin secretion. PKC-8 knockout decreases the secretion of IL-10, reduces 3 cell mass and insulin
secretion in pancreatic islets. The present study illuminates the critical role of PKC-0 in protecting

the survival and function of islet B cells.
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Introduction PKC-0 mainly performs immunoregulatory

As a member of the serine/threonine protein kinase
family, protein kinase C (PKC) is represented by
more than 10 different functional isozymes." Based
on the structural differences, PKC can be classified
into several categories: 1) classical, including a, B,
and y members; 2) novel, including 9§, €, and n; 3)
atypical, including { and i; and 4) PKC-related
kinases (PRKs).> PKCs participate in many biolo-
gical processes including cell proliferation, differ-
entiation, and apoptosis.” Several PKC isoforms,
such as PKC-a and PKC-¢, are present in the {
cells of the pancreatic islets.* Glucose stimulates
PKC-a synthesis and promotes its translocation
from the cytosol to the membrane.” Inhibitors of
both PKC-a and PKC-¢ can decrease glucose-
induced insulin secretion.”® PKC-§ is also
expressed in pancreatic islet B cells and is essential
for pancreatic P cell replication during insulin
resistance.’

functions by translocation to the synapses of
immune cells after antigen-stimulation of
T cells.'"®"! In the immune synapse, PKC-0 regu-
lates the transmission of T-cell receptor signals and
activates the downstream transcription factors to
drive proliferation of T cells, B cells, and natural
killer cells.'>" Studies have demonstrated that
PKC-6 is required for IL-10 induction'* and PKC-
0-knockout mice have manifested significantly
decreased serum IL-10 levels. IL-10 has been con-
sidered to be a suppressive cytokine, which inhibits
T helper (Th) 1 cell proliferation and cytokine
production, and regulates proliferation and differ-
entiation of immune cells, such as immune B cells
and mast cells.'> As an anti-inflammatory cytokine,
IL-10 first increases and then decreases at the onset
of diabetes in 14-16 week-old non-obese diabetic
(NOD) mice.'® Furthermore, a study reported by
van Exel et al. demonstrated a decrease in serum IL-

CONTACT Yuxin Jiang @ jiangyx@zjxu.edu.cn @ School of Medicine, Jiaxing University, No.118 Jiahang Road, Jiaxing 341001, China.; Hong Feng
@ hongfengshengli@163.com School of Preclinical Medicine, Wannan Medical College; No.22 Wenchang West Road, Wuhu 241002, China.

© 2021 Taylor & Francis Group, LLC


http://orcid.org/0000-0002-2462-1472
http://orcid.org/0000-0002-8532-5730
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/19382014.2021.1890963&domain=pdf&date_stamp=2021-03-25

10 levels in diabetes patients.'” In addition, IL-10
suppresses the progression of autoimmune patho-
genesis associated with diabetes mellitus, protects [3
cells, and suppresses the onset of autoimmune dia-
betes in NOD mice,'® which further indicate the
possible protective effects of IL-10 on pancreatic
islet cells.

In the present study, we aim to investigate the
regulatory effects of PKC-6 knockout on the survi-
val and function of islet P cells in vivo and in vitro,
and then explore the potential mechanism under-
lying this regulation.

Materials and methods
Animal preparation

PKC-0 knockout mice were generated according to
a previous report'® and backcrossed with C57BL/6
mice for more than 15 generations. Male C57BL/6
wild-type (WT) mice, PKC-08 knockout mice, and
IL-10 treatment knockout mice were housed and
maintained under specific pathogen-free (SPF)
conditions at Wannan Medical College (Wuhu,
China). The body weight, food intake, and fecal
number of each mouse were measured at 2, 8, and
16 weeks, respectively. The IL-10 treatment knock-
out mice were i.p. injected with 5 pg/kg recombi-
nant mouse IL-10 (rIL-10) twice a week from
2 weeks to 16 weeks. All animal procedures were
approved by the Animal Welfare Committee of
Wannan Medical College.

Fasting glucose measurement

Subsequently, 14 PKC-0 knockout mice, 14 WT
mice, and 10 IL-10 treatment knockout mice aged
2 weeks, 8 weeks, and 16 weeks each were fasted for
16 h from 5:00 pm to 9:00 am on the next day. The
fasting blood glucose levels were measured in tail-
snip samples using a handheld glucometer ACCU-
CHEK (Roche, Mannheim, Germany).

Intraperitoneal glucose tolerance test (IPGTT)

After fasting for 16 h, each mouse was i.p. injected
with glucose solution (1.5 g/kg). A drop of blood
from the tail-snip was used to measure blood glu-
cose levels using ACCU-CHEK (Roche,
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Mannheim, Germany) at 0, 15, 30, 60, and
90 min. In particular, blood from the tail tip of
a 2-week-old mouse should be more carefully with-
drawn according to the animal welfare guidelines.
Blood samples were collected at 30 min for evalu-
ating the serum insulin levels. The blood samples
were coagulated for 30 min at room temperature
and centrifuged for 10 min at 3,000 rpm at 4°C to
collect the serum, and the serum was stored at —80°
C for the measurement of insulin levels.

Glucose stimulated insulin secretion assay

The mice were sacrificed by decapitation, and pan-
creatic tissue was quickly removed from the mice. The
pancreases were separately placed into an incubation
tank equipped with a gas mixer containing 4.5 ml low-
glucose (2 mM glucose) Krebs solution. IL-10 (20 ng/
ml) was added to the solution in the IL-10 treatment
group (n = 10). After incubation for 30 min at 37°C,
the samples were collected for the measurement of
basal insulin secretion. Subsequently, 20 mM glucose
was added and samples of the solution were collected
after 1 h for measuring glucose-induced insulin secre-
tion. The insulin secretion index was calculated as the
glucose stimulated insulin secretion divided by the
basal insulin secretion.

Insulin measurement

Insulin was measured via radioimmunoassay using
Millipore RI-3 K kits (Billerica, MA, USA) as
reported previously.*

Immunofluorescence (IF)

Pancreatic sections (6 pm thickness) were prepared
and washed with PBST (PBS containing 0.3%
Triton X-100, pH = 7.2 ~ 7.4). After blocking in
5% horse serum (Gibco, USA), the sections were
incubated with primary antibodies (anti-insulin,
anti-caspase-3, Table 1) and appropriate secondary
antibodies (Alexa Fluor® 488 donkey anti-goat IgG,
Alexa Fluor® 594 donkey anti-rabbit IgG, Table 2),
and the nuclei were stained with DAPI (Sigma,
Mannheim, USA). The images were analyzed
using a laser confocal TCSSP8 microscope (Leica,
Germany). The [ cell mass was calculated as
described previously.”!



26 (&) F.HONG ETAL.

Table 1. Primary antibodies.

Primary antibody Code Company Host species Dilution
Monoclonal Anti-Insulin antibody produced in mouse 12018-2ML Sigma Mouse 1:1000
Insulin antibody 4590 Cell signaling Rabbit 1:100
CASP-3 antibody ab13847 Abcam Rabbit 1:200
Table 2. Secondary antibodies.
Secondary antibody Code Company Dilution
Alexa Fluor® 488 donkey anti-goat 19G (H + L) A11055 Invitrogen 1:1000
Alexa Fluor® 594 donkey anti-rabbit IgG (H + L) A21207 Invitrogen 1:1000

Morphometric analysis

To quantify fractional p cells, six islets
per section were randomly selected and at least
three sections per pancreatic section were ran-
domly selected and examined from five WT
mice, five PKC-0 knockout mice, and five IL-10
treatment knockout mice. The number of immu-
noreactive cells was counted by DAPI staining.
The proportion of islet B cell was calculated as
the number of immunoreactive  cells divided
by the total number of nuclei in the islets. p cell
mass (BCM) was then calculated as the product
of proportion of islet B cells, determined by
immunofluorescence staining in each individual,
and the estimated pancreatic weight.

Serum IL-10, IL-2, and TNF-a assay

Peripheral blood samples were collected from the
tail vein of mice 2 h after each subcutaneous injec-
tion of 80 ug MBPAc1-9[4Y] at 2, 8, and 16 weeks.
The blood was centrifuged at 3,000 rpm, and the
serum was separated and frozen at —80°C for ana-
lysis. IL-10, IL-2, and TNF-a concentrations were
then measured using multiplex immunoassay kit
Th1/Th2/Th9/Th17/Th22/Treg Cytokine 17-Plex
Mouse Procarta Plex Panel (Invitrogen, USA).

Statistical analysis

All data are presented as the means + SEM and
analyzed using Student’s unpaired t-test or one-way
ANOVA; n refers to the number of mice. The
statistical analysis was conducted and graphs were
generated using GraphPad Prism 6.0. p < .05 was
considered significant.

Results

PKC-0 knockout mice manifest non-significant
changes in body weight, fasting blood glucose, and
insulin levels

We continuously monitored the growth of WT
mice, PKC-6 knockout mice, and IL-10 treatment
knockout mice and measured their body weight,
food intake, and feces number at 2, 8, and
16 weeks. The results showed that there were no
differences in body weight change among the WT,
knockout, and IL-10 treatment knockout mice
(Figure 1(a)). Similarly, the food intake of mice at
8 and 16 weeks was almost the same, which was
slightly higher than that at 2 weeks, with no differ-
ence among WT, knockout, and IL-10 treatment
knockout mice (Figure 1(b)). In addition, there was
also no significant difference between the three
groups in terms of fecal number (Figure 1(c)).

Fasting blood glucose in the knockout mice
showed no differences compared with that in the
WT or IL-10 treatment knockout mice at 2, 8 and
16 weeks (Figure 1(d)). Furthermore, there was also
no significant difference in serum insulin levels at 2,
8, and 16 weeks in all mice (Figure 1(e)).

PKC-0 knockout mice manifested significant
differences in glucose tolerance

To explore the influence of PKC-0 knockout on
pancreatic islet endocrine function and blood glu-
cose level, glucose tolerance test (GTT) was con-
ducted in mice. At 2 weeks, there were no
significant differences in the GTT curves between
WT and knockout mice (Figure 2(a)). Furthermore,
there was no difference in blood insulin levels at
30 min after glucose administration (Figure 2(d)).
At 8 weeks, the GTT curve of knockout mice was
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Figure 1. Body weight of WT mice, PKC-8 KO mice, and IL-10 treatment KO mice at 2, 8, and 16 weeks (a). Food intake of WT mice, PKC-
0 knockout mice, and IL-10 treatment KO mice at 2, 8, and 16 weeks (b). Fecal number of WT mice, PKC-6 knockout mice, and IL-10
treatment KO mice at 2, 8, and 16 weeks (c). Fasting blood glucose of WT mice, PKC-6 knockout mice, and IL-10 treatment KO mice at 2,
8, and 16 weeks (d). Fasting serum insulin levels of WT mice, PKC-6 knockout mice, and IL-10 treatment KO mice at 2, 8, and 16 weeks

(e) (n = 10-14). WT, wild-type; KO, knockout.

C - WT
A - WT B -~ WT = KO
- KO - KO -+ KO +IL-10
5 2 KO +IL-10 g 20+ KO*IL0 5 2
g g E -
5 1 § 154 € 15
2, 2 g,
83 8s g3
o g 10 S 10 o 210
8 2 weeks g = 8 weeks g 16 weeks
E) 5 ) 5 :? 5
-3 T
o o o
o
CI | — I —
0 15 30 60 ) 0 15 30 45 60 90 0 15 30 60 L)
Time(min) Time(min) Time (min)
D E F
c c c
2 1.0 ) 1.0 .% 1.0 #
5 g £
£ 0.8 T £ 0.8 T S 0.8 %
g 2 g ==
= o=
8 os 8 06 SE 06
ED Eo £2
2L 04 25 o4 ZE 04
8 ® 2
£ o 0.2
E 02 c 02 £
£ = S
2 0.0 2 0.0 2 0.0
= Wr KO KO +IL-10 -~ Wt KO KO +IL-10 - Wt Ko KO +IL-10

Figure 2. The IPGTT results in WT mice, PKC-8 KO mice, and IL-10 treatment KO mice at 2 weeks (a), 8 weeks (b), and 16 weeks (c). The
serum insulin levels at 30 min after glucose injection (d, e, f) (#P< .05; n = 10-14). * P< .05, compared with WT mice, # P< .05, compared
with PKC-08 KO mice. IPGTT, intraperitoneal glucose tolerant test; WT, wild-type; KO, knockout.

higher (Figure 2(b)) and the blood insulin levels
was lower (Figure 2(e)) than that of the WT mice,
but the difference was not significant. At 16 weeks,
the GTT curve was elevated and the blood glucose
levels at 15 and 30 min after GTT were significantly
increased in the knockout mice compared with the
WT mice (p < .05) (Figure 2(c)), and the insulin
levels induced by glucose injection in the serum
were significantly decreased at 30 min in the knock-
out mice (Figure 2(f)). All above mentioned results
indicated that PKC-0 knockout decreased glucose-

induced insulin secretion and induced glucose
intolerance in mice.

PKC-0 knockout mice manifested decreased islet 3
cell mass

Sections of pancreatic tissue obtained from WT,
PKC-0 knockout, and IL-10 treatment knockout
mice were evaluated by immunofluorescence stain-
ing to evaluate insulin-secreting islet B cells. The
results clearly showed that insulin-positive cells
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Figure 3. Islet structure as shown by insulin immunoreactive f3 cells; scale bar = 100 pm. The lower magnification showing the loss of
cell mass at 16 weeks, in which the arrow shows the location of the islets in KO mice (a). The proportion of B cells contained in islets of
WT mice, PKC-6 KO mice, and IL-10 treatment KO mice at 16 weeks (b). The {8 cell mass in WT mice, PKC-6 KO mice, and IL-10 treatment
KO mice at 16 weeks (c). ** P< .01, compared with WT mice, ## P< .01, compared with PKC-8 KO mice. WT, wild-type; KO, knockout.

were widely distributed in the central part of the
islets in the WT group at 2, 8, and 16 weeks, but the
number of the positive cells significantly decreased
at 16 weeks (Figure 3(a)). At 2 weeks, the knockout
mice showed no difference in the distribution and
proportion of B cells (Figure 3(b)). The p cell mass
was found to range from 1.3 to 1.4 mg, with no
changes observed between knockout and WT mice
(Figure 3(c)). At 8 weeks, the proportion of insulin-
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positive {3 cells (Figure 3(b)) and P cell mass were
slightly decreased in the knockout group (p < .05)
compared with the WT group (Figure 3(c)). At
16 weeks, the proportion of insulin-positive  cells
(Figure 3(b)) and B cell mass (Figure 3(c)) were
significantly lower in the knockout group than in
the WT group (p < .01). These results further
demonstrate that PKC-0 knockout influences the
survival of mice islet B cells.
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Figure 4. CASP-3 expression in pancreatic islets of WT mice, PKC-6 KO mice, and IL-10 treatment KO mice (a). Insulin secretion index of
pancreatic tissue in WT mice, PKC-6 KO mice, and IL-10 treatment KO mice in vitro (b). Serum levels of IL-10, IL-2, and TNFa in WT mice,
PKC-8 knockout mice, and IL-10 treatment mice after stimulation with 80 pg MBPAC1-9 (c). ** p < .01.*** p < .001, N.S. no significant
change compared with WT mice. CASP-3, caspase-3; WT, wild-type; KO, knockout.



PKC-0 knockout mice manifested caspase-3
expression, decreased insulin secretion, and serum
IL-10 levels

We further confirmed the effect of PKC-0 knockout
on the number and function of islet B cells by
glucose stimulation of the pancreatic tissue.
A large number of cells staining positive for the
apoptotic factor caspase-3 were observed in the
islets of the knockout mice at 16 weeks (Figure 4
(a)), which further confirmed that PKC-6 knockout
leads to islet B cell apoptosis in mice with time. The
secretion of glucose stimulated insulin in the
knockout group was significantly decreased com-
pared with that in the WT group (Figure 4(b)).
These results indicated that the islet B cells were
damaged by PKC-6 knockout, leading to decreased
glucose stimulated insulin secretion, whereas the
basal secretion was not affected.

Mechanism underlying the decreased islet 3 cell
mass and insulin secretion in PKC-0 knockout mice

To investigate the mechanism of how PKC-6
knockout affects islet p cell survival and endocrine
function, we detected the changes in the immune
system. Serum levels of IL-10, IL-2, and TNFa after
MBPACc1-9 stimulation were measured in 16-week-
old mice. The results demonstrated that the levels
of IL-2 and TNF-a in PKC-6-knockout mice were
similar to those in WT mice, whereas IL-10 content
was significantly reduced in knockout mice com-
pared with that in WT mice (p <.001) (Figure 4(c)).
Indeed, the decrease of IL-10 in knockout mice was
detected since 2 weeks. The IL-10 levels in WT mice
did not change with the age of the mice, whereas
the IL-10 levels in knockout mice showed
a decreasing tendency with age (Figure 4(c)).
These results suggested that PKC-0 knockout
reduces IL-10 secretion, which then affects the
structure and function of islet B cells. For further
demonstrating the role of IL-10 in the decrease of
islet B cell number and function, we tested the effect
of IL-10 on islets of knockout mice in vivo and
in vitro. IL-10 i.p. injected into knockout mice
twice a week significantly decreased the high levels
of blood glucose in GTT (Figure 2(c)) and
increased the insulin levels in the serum (Figure 2
(f)) at 16 weeks. In addition, the expression of
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insulin-positive cells (Figure 3(a)), the proportion
of islet B cells (Figure 3(b)), and { cell mass (Figure
3(c)) at 16 weeks in IL-10 treatment knockout mice
were all recovered to levels observed in WT mice.
The expression of caspase-3 was significantly
decreased in IL-10 treatment knockout mice,
which demonstrated the protective effects of IL-10
on the impaired islet survival and function seen in
PKC-0 knockout mice. Thus, administration of IL-
10 into cultured pancreatic tissue significantly
improved the glucose stimulated insulin secretion
ability of pancreas in knockout mice (Figure 4(b)).

Discussion

The present study for the first time demonstrates
that PKC-0 knockout decreases the secretion of IL-
10, which is then leads to the destruction of islet 3
cells and in turn inhibits insulin secretion.
Compared with WT mice, PKC-0 knockout mice
showed significantly reduced proportions of p cells
and glucose stimulated insulin secretion.

The PKC protein family is widely distributed
throughout the body and participates in the regula-
tion of many important physiological functions.'
Studies have demonstrated that several PKC iso-
forms, such as PKC-a and PKC-e¢, are expressed in
islet B cells and regulate islet cell proliferation and
insulin secretion.”® PKC-0 is expressed mainly in
immune cells and participates in the regulation of
immune function.'” In the present study, we
explored the influence of PKC-0 on islet p cell
survival and insulin secretion.

There were no significant differences in body
weight, food intake, fasting insulin secretion, and
blood glucose levels among the WT, knockout, and
IL-10 treatment knockout mice at 2 weeks.
However, the islet structure gradually destroyed,
with a significant reduction in the proportion of
cells from 8 weeks onward. Furthermore, the levels
of serum insulin secretion stimulated by glucose
were greatly reduced, and glucose intolerance was
observed in knockout mice at 16 weeks. In general,
our data demonstrate that PKC-6 knockout contri-
butes to the impairment of pancreatic islet struc-
ture and function.

Since PKC-0 is expressed by immune cells and not
directly expressed in islet  cells, we needed to verify
whether PKC-0 knockout causes changes in certain
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immune factors which then affect the islet B cell
structure and function. PKC-0 knockout leads to
a decrease in IL-10 secretion, which indicates that
PKC-0 is also an essential factor for promoting IL-10
secretion.'* Given that IL-10 has been reported to
manifest a therapeutic role in diabetes and the
administration of IL-10 to adult NOD mice has
been reported to decrease the incidence and delay
the onset of autoimmune diabetes,”® we here
explored the possible role of IL-10 in impaired insu-
lin secretion in knockout mice. Our results demon-
strated that serum IL-10 levels in WT mice
manifested no change depending on the age of the
mice at 2, 8, and 16 weeks, whereas serum IL-10
levels in the knockout mice greatly reduced from
2 week onward and decreased with age. These results
lead to the conclusion that PKC-6 knockout is asso-
ciated with islet destruction and also a decrease in
IL-10 levels. Fortunately, we then detected that IL-10
administration in vivo and in vitro significantly pro-
tected islet B cells and improved glucose tolerance in
PKC-6 knockout mice. Indeed, restoring IL-10 pro-
duction from T cells in PKC-6 knockout mice by
adoptive cell transfer could further demonstrate the
critical role of IL-10 in PKC-0 knockout-induced
islet B cell decrease, which need more researches to
demonstrate.

In summary, the present study for the first time
demonstrates that PKC-0, which is mainly
expressed in immune cells, can indirectly protect
islet B cell and promote insulin secretion by regu-
lating IL-10 secretion.
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