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Abstract
AIM: To investigate the effect of mesothelin in the re-
modeling of the endocrine pancreas in neonatal rats.

METHODS: Overexpression or downregulation of me-
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sothelin expression in INS-1 cells was carried out to 
investigate the effect of mesothelin during cell prolif-
eration and cell apoptosis in vitro . Adenovirus-mediated 
RNA interference was performed to block mesothelin 
in vivo  to directly assess the role of mesothelin in the 
remodeling of the endocrine pancreas in neonatal rats. 

RESULTS: Exogenous overexpression of mesothelin 
promoted cell proliferation, cell colony formation and 
enhanced cell resistance to apoptosis of INS-1 cells. 
Down-regulation of mesothelin made no difference in 
cell proliferation and apoptosis compared with that in 
the control group. After an injection of adenovirus-
mesothelin, a significantly increased number of small 
islets appeared, and the expression of PCNA was de-
creased on day 7 and day 14 compared with the Ad-
EGFP group.

CONCLUSION: Mesothelin was able to promote β cell 
proliferation in the remodeling stage of neonatal rats. 
Mesothelin may have an important role in the remodel-
ing of the endocrine pancreas in neonatal rats.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Mesothelin may promote cell proliferation and 
affect the number of small islets during the remodeling 
of the endocrine pancreas in neonatal rats. 
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INTRODUCTION
The islets of  Langerhans are scattered throughout the 
pancreas and contribute to only 1% of  the total pancre-
atic cell mass. At approximate embryonic day 16.5 (E16.5), 
some of  the endocrine cells aggregate to form the islets 
of  Langerhans. The islets are not fully formed until they 
undergo further remodeling and maturation for 2-3 wk 
after birth[1]. The 2-3 wk period after birth has been de-
fined as the period during which the remodeling of  the 
endocrine pancreas occurs in neonatal rats. Many major 
developmental changes occur during the pancreatic re-
modeling stage, including β-cell apoptosis, replication and 
neogenesis. Islet formation in the neonatal pancreas may 
occur as a result of  the fission of  elongated structures 
composed of  β cells and surrounding α cells, following 
by contiguous proliferation and the branching of  endo-
crine cells into cord-like structures in the newborn mouse 
pancreas[2]. We hypothesized that cell adhesion and mi-
gration molecules may play an important role during the 
pancreatic remodeling stage.

 According to our previous microarray results, a series 
of  molecules, including matrix metalloproteinase (MMPs), 
integrins and cadherin, which are associated with islet 
cell adhesion and migration, were highly expressed in the 
newborn rat pancreas[3]. MMPs have a crucial role in pan-
creas development, and the reduction of  MMP activity 
results in aberrant islet formation[4-6]. Integrins have also 
been implicated in endocrine and islet formation[7]. Cad-
herins regulate the aggregation of  pancreatic β cells in 
vivo[8]. Here, we focused on mesothelin, one of  the genes 
that was highly expressed in late gestation on our previ-
ous microarrays.

The rat mesothelin gene contains an 1878-bp open 
reading frame encoded by 16 exons that occupies 6 kb 
of  rat chromosome 10. Mesothelin, a differentiation an-
tigen of  mesothelial cells, is a 40-kDa glycosylphospha-
tidylinositol (GPI)-linked glycoprotein. It is synthesized 
as a precursor with a molecular mass of  69 kDa that is 
then proteolytically processed into an N-terminal se-
creted form that is 32 kDa and a membrane-bound form 
that is 40 kDa. Mesothelin is highly expressed in various 
cancer types, including ovarian cancer, breast cancer and 
pancreatic adenocarcinoma[9-13]. Mesothelin mediates the 
transfer of  ovarian cancer to the peritoneum in combi-
nation with CA125 ovarian cancer antigen[14-16]. In vitro, 
the over-expression of  mesothelin in pancreatic cancer 
cells and breast cancer cells significantly increased tumor 
proliferation and migration, suggesting that mesothelin 
may be a malignant factor and could be a suitable target 
for a therapeutic vaccine for pancreatic cancer and breast 
cancer[17,18]. We previously detected the expression of  me-
sothelin and demonstrated that mesothelin is localized in 
islet β cells. However, the effect of  mesothelin during the 
pancreatic remodeling stage of  neonatal rats has not been 
previously reported.

To investigate the effect of  mesothelin during cell 
proliferation and cell apoptosis, INS-1 cells were treated 
with pEGFP-N3/mesothelin or pcDNA/miR-mesothe-

lin 1275 to over-express or down-regulate mesothelin, 
respectively. Furthermore, adenovirus-mediated RNA 
interference was performed to block the mesothelin gene 
in the neonatal rat pancreas to directly assess the role of  
mesothelin during pancreatic development in the neona-
tal rat.

MATERIALS AND METHODS
Cell culture
The INS-1 cell line (rat insulinoma cell) was obtained 
from the Chinese Academy of  Science Committee on 
Type Culture Collection cell bank. INS-1 cells were 
grown in regular RPMI medium (11.1 mmol/L glucose) 
supplemented with 10% heat-treated fetal calf  serum (In-
vitrogen), 100 IU/mL penicillin, 100 µg/mL streptomy-
cin, 2 mmol/L L-glutamine, 1 mmol/L sodium pyruvate, 
50 µmol/L β-mercaptoethanol, and 10 mmol/L HEPES 
(pH 7.4). 

Construction of mesothelin expression plasmids and 
stable transfection
Mesothelin (GenBank accession no.: NM 031658) was am-
plified by polymerase chain reaction (PCR) from rat pancre-
as cDNA using the following primers: Mesothelin-forward 
5’-CCCAAGCTTATGGCCTTGCCAACAGCCC-3’; 
Mesothelin-reverse, 5’-CGGGATCCTCAGCTCAGTCT-
TAAAGCT-3’. The amplified mesothelin fragment was 
digested with the restriction enzymes BamH Ⅰ and Ⅲ and 
ligated into the pEGFP-N3 mammalian expression vec-
tor (Clonetech). The sequence of  the cloned mesothelin 
plasmids was verified by DNA sequencing. The mesothelin 
expression plasmids were transfected into INS-1 cells using 
Lipofectamine 2000 (Invitrogen), according to the manufac-
turer’s instructions. INS-1 cells stably expressing mesothelin 
were selected in the presence of  800 mg/mL G418 (Sigma).

Construction of mesothelin interference plasmids and 
transient transfection
To create pcDNA6.2-GW/EmGFP-miR-mesothelin301 
(si-301) and pcDNA6.2-GW/EmGFP-miR-mesothe-
lin1275 (si-1275) encoding rat mesothelin interference 
RNA, single-strand oligonucleotides were designed using 
BLOCK-iT RNA Designer (Invitrogen). The following 
primers were used: mesothelin301-forward 5’-TGCT-
GTAGGCCAGATACCTCATCACAGTTTTGGC-
CACTGACTGACTGTGATGATATCTGGCCTA-3’; 
mesothelin301-reverse 5’-CCTGTAGGCCAGATAT-
C AT C AC AG T C AG T C AG T G G C C A A A AC T-
G T G A T G A G G T A T C T G G C C T A C - 3 ’  a n d 
mesothelin1275-forward 5’-TGCTGTTAAGCAGAG-
TATTCACTGTGGTTTTGGCCACTGACTGACCA-
CAGTGAACTCTGCTTAA-3’; mesothelin1275-reverse 
5’-CCTGTTAAGCAGAGTTCACTGTGGTCAGT-
CAGTGGCCAAAACCACAGTGAATACTCTGCTTA-
AC-3’. The oligonucleotides were annealed and cloned 
into a pcDNA6.2-GW/EmGFP-miR vector (Invitrogen) 
using a BLOCK-iT Pol Ⅱ miR RNAi Expression Kit 
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(Invitrogen), according to the manufacturer’s instruc-
tions. The mesothelin interference plasmids, pcDNA6.2-
GW/EmGFP-miR-mesothelin301 and pcDNA6.2-GW/
EmGFP-miR-mesothelin1275, were transfected into the 
INS-1 cell line using lipofectamine 2000 (Invitrogen), ac-
cording to the manufacturer’s instructions.

RNA extraction and qPCR analyses 
Total RNA was extracted from rat pancreas tissues or cul-
tured cells with TRIzol reagent (Invitrogen). For qPCR, 
RNA was reverse transcribed to cDNA from 1 µg of  
total RNA using a reverse transcription kit (Takara). Real-
time PCR analyses were conducted with Power SYBR 
Green (Takara). All protocols were carried out accord-
ing to the manufacturer’s instructions. The results were 
normalized to the expression of  glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) or 18S ribosomal RNA 
(18S). The primer sequences for qPCR were as follows: 
mesothelin-forward: 5’-GTTTGCTGGTAGTGTTG-
GATGA-3’; mesothelin-reverse: 5’-GCAGGCTTTCT-
GTTCTGTGTC-3’;  GAPDH- forward :  5’-GACT-
CATGACCACAGTCCATGC-3’; GAPDH-r everse : 
5’-AGAGGCAGGGATGATGTTCTG-3’; 18S-forward: 
5’-AAACGGCTACCACATCCAAG-3’; 18S-reverse: 5’- 
TTGCCCTCCAATGGATCCT-3’. qPCR and data col-
lection were carried out on ABI 7500 PCR system.

Western blotting
The pancreata were homogenized in a detergent lysis 
buffer. A total of  50 µg of  the samples were loaded into 
each lane of  12% SDS-PAGE gels and transferred to 
nitrocellulose membranes (Bio-Rad). Membranes were 
incubated with mouse anti-β-actin (sc-8432, Santa Cruz) 
and goat anti-mesothelin (sc-27001, Santa Cruz) over-
night at 4 ℃. The specific protein-antibody complex 
was detected using HRP-linked goat anti-mouse IgG 
conjugates (sc-2055, Santa Cruz) or HRP-conjugated rab-
bit anti-goat IgG (sc-2004, Santa Cruz). The signal was 
detected by chemiluminescence using an ECL kit (Am-
ersham Life Science). Densitometric quantification of  
bands at subsaturating levels was carried out using Synge-
netool gel analysis software (Syngene).

Soft agar colony formation assay
INS-1 cells transfected with pEGFP-mesothelin or pEG-
FP-N3 were trypsinized. First, 0.5% agarose in growth 
medium was added to a six-well plate and allowed to 
solidify. Then, 4000 cells per well were plated in triplicate 
in 0.3% agarose onto the bottom agarose. The cells were 
then incubated at 37 ℃ in a 5% CO2 atmosphere for 20 
d. Fresh growth medium (0.5 mL/well) was added after 
1 wk of  incubation. At the end of  incubation, colonies 
were stained with 0.005% crystal violet for 1 h and pho-
tographed. Colonies were counted using the Image J im-
aging software developed at the NIH.

Cell proliferation assay 
INS-1 cells stably expressing mesothelin were seeded in 

96-well plates (2 × 104 cells/well) and serum starved (0% 
fetal bovine serum) for 24 h. For the 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, 
cell growth was assessed 0 h, 12 h, 24 h and 48 h after be-
ing releasing from starvation. Twenty microliters of  MTT 
reagent was added to each well and incubated at 37 ℃ for 
4 h. Absorbance was recorded at 490 nm with an ELx-800 
universal microplate reader (Bio-Tek Instruments).

Flow cytometry
The percentage of  cells in the G0/G1, S and G2/M 
phases was determined by flow cytometric analysis fol-
lowing propidium iodide (PI; Invitrogen) staining. For 
PI staining, cells were seeded at a concentration of  1 × 
106 cells/well. Following treatment, cells were harvested 
using trypsin followed by washing twice with phosphate 
buffered saline (PBS). Harvested cells were then resus-
pended and fixed with ice-cold 75% ethanol (750-1000 
µL). Samples were then stored at -20 ℃ overnight. Fixed 
cells were centrifuged at 1000 × g for 5 min and resus-
pended in PBS buffer containing 40 µg/mL PI and 100 
µg/mL RNase (Qiagen, United Kingdom) for 30 min 
at room temperature in the dark. Samples were analyzed 
using a FACS flow cytometer (BD Biosciences) and win-
MDI software.

For the cell apoptosis assay, apoptotic cells were 
evaluated in vitro by Annexin-V-fluorescein isothiocyanate 
(FITC) and propidium iodide according to the manufac-
turer’s protocol. Stained cells were then analyzed with a 
FACS flow cytometer (BD Biosciences).

Animals, recombinant adenovirus construction and 
administration of adenovirus 
Recombinant Ad-EGFP and Adenovirus-Mesothelin 
RNAi were generated using the Ad Max system (Micro-
bix Biosystems). Pregnant Sprague Dawley rats (Animal 
Center of  Nanjing Medical University) were kept under 
conventional conditions and provided with a 12:12 h light-
dark cycle. The litters were reduced to 12 pups at birth. 
Seven days after birth, four of  the pups in each litter were 
included in the mesothelin group and injected with Ad-me-
sothelin RNAi solution (5 × 109 pfu in 250 µL of  lactated 
Ringer’s solution) via the intraductal route, as described in 
Doiron et al[19]. Another group of  four rats was included in 
the Ad-EGFP group and injected with Ad-EGFP by the 
same method, and the remaining rats were included in the 
sham group and received a sham operation. The rats were 
sacrificed at various times after the injection. Blood glu-
cose was measured with a One Touch Ultra blood glucose 
meter (Life Scan) in blood obtained by lancing the tail vein. 
Body weight was recorded every two days after treatment. 
All animal and tissue sample experiments were performed 
in accordance with the guidelines of  the National Institutes 
of  Health and approved by the Research Ethics Commit-
tee of  Nanjing Medical University.

Immunostaining 
Tissues were fixed in 4% paraformaldehyde for 24-36 h, 
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independent conditions in soft agar. After 20 d of  cul-
ture, pEGFP-N3/mesothelin cells formed a significantly 
greater number of  colonies compared with pEGFP-N3 
and mock-transfected cells (Figure 1E). To determine 
whether the over-expression of  mesothelin prevents 
apoptosis in INS-1 cells, we performed flow cytometric 
analysis. The results showed no significant difference in 
the cell apoptosis ratio between pEGFP-N3/mesothelin, 
pEGFP-N3 and mock cells (Figure 1F). Taken together, 
the over-expression of  mesothelin in INS-1 cells is asso-
ciated with increased cell proliferation. 

Down-regulation of mesothelin does not affect cell 
proliferation in INS-1 cells
Two specific interference sequences were designed to 
inhibit mesothelin. PcDNA6.2-GW/EmGFP-miR-
mesothelin301 (si-301) and were effective at silencing rat 
mesothelin gene. qPCR and western blot analysis were 
performed. Mesothelin mRNA in the si-1275 group was 
reduced by 80%, and protein expression was reduced by 
60% compared with that in si-NC, thereby confirming 
si-1275 to be more effective for rat mesothelin gene inhi-
bition (Figure 2A and B).

According to the results of  the MTT assay, we found 
that cells transiently transfected with si-1275 showed no 
significant reduction in cell viability compared to cells 
transfected with the mock construct or the si-NC con-
trols (Figure 2C). Flow cytometry was carried out to ana-
lyze the cell cycle of  INS-1 cells after transfection with 
si-1275 or si-NC, and there were no difference between 
the two groups (Figure 2D). Soft agar colony forma-
tion assays showed no significant difference between the 
mock, si-NC and si-1275 groups (Figure 2E). Further-
more, flow cytometry detected no change in the apopto-
sis ratio in si-1275 cells when compared with control cells 
(Figure 2F). However, the apoptosis ratio of  the si-1275 
group increased when compared with the mock condi-
tion, but there was no significant difference between the 
si-1275 group and the si-NC group. All of  these data 
indicated that the decrease in mesothelin level does not 
influence INS-1 proliferation or apoptosis. This result 
may be because the INS-1 cells we adopted have low me-
sothelin levels.

Adenovirus-mediated down-regulation of mesothelin in 
neonatal rat pancreas 
To investigate the effect of  mesothelin during neonatal 
pancreatic development, Ad-mesothelin was injected into 
rats on postnatal day 7 (P 7) to block the expression of  
mesothelin in vivo. To detect the interference efficiency, 
qPCR and western blotting were performed. Mesothelin 
mRNA and protein were significantly reduced on day 7 
(Figure 3A and B), and the expression of  mesothelin in 
the interference group was still lower than that of  the 
Ad-EGFP group at day 14; however, the expression of  
mesothelin was restored to the level of  the Ad-EGFP 
group after 1 mo, both at the mRNA and protein level. 
After injecting the virus solution at P7, we examined the 

followed by a standard protocol of  dehydration and par-
affin embedding. Sections (5-µm) were cut and mounted 
on glass slides (Fisher Scientific). For the double fluores-
cence immunohistochemical localization of  insulin/glu-
cagons, a rabbit anti-insulin polyclonal antibody (1:100, 
sc-9168, Santa Cruz) was applied and then revealed by 
FITC-labeled anti-Rabbit IgG (1:400, AP123J, Chemi-
con). A mouse anti-glucagon (1:100, G-2654, Sigma) 
antibody was applied and revealed using goat anti-mouse 
IgG-TRITC (1:400, sc-2010, Santa Cruz). The islet num-
ber and size were measured as described in Liang et al[20]. 
The expression of  the cell proliferation marker PCNA 
was examined by immunohistochemistry using an anti-
PCNA antibody (1:200; Santa Cruz, United States). A 
secondary antibody (goat anti-rabbit IgG; 1:500; Bio-
world, United States) was applied. The final detection 
step was carried out using 3,3’-diaminobenzidine (DAB; 
Sigma-Aldrich Corp, United States) as the chromogen. 
Sections were lightly counterstained with hematoxylin 
and mounted. All of  the sections were placed in Gel 
Mount Aqueous Mounting Medium (G0918, Sigma) 
with a cover glass and were examined under an Olympus 
BX51 microscope (Olympus Optical, Tokyo, Japan). 

Statistical analysis
The Students t test (2-tailed) and one-way ANOVA were 
conducted to analyze the in vivo and in vitro data by SPSS 
16.0 software. P values less than 0.05 were considered 
statistically significant.

RESULTS
Overexpression of mesothelin promotes cell 
proliferation of INS-1 cells
To study the potential functions of  mesothelin in β cells, 
INS-1 cells were transfected with pEGFP-N3/mesothe-
lin or the empty pEGFP-N3 vector. After 4 wk of  selec-
tion with G418, stably overexpressed mesothelin INS-1 
cells were obtained. qPCR and western blot analysis were 
performed. The mRNA expression of  mesothelin in the 
pEGFP-N3/mesothelin group was up-regulated by 6-fold 
and protein expression increased by 5.5-fold compared 
with the mock transfection. Mesothelin over-expression 
in a representative pEGFP-N3/mesothelin cell line is 
shown in Figure 1A and B. 

MTT was performed to examining the cell viability 
of  pEGFP-N3/mesothelin cells. After 48 h of  culture, 
pEGFP-N3/mesothelin cells exhibited significantly great-
er viability than their respective vector control cells (Figure 
1C). To investigate the effects of  mesothelin on cell cycle 
distributions, flow cytometric analysis was performed to 
detect cell cycle changes in pEGFP-N3/mesothelin cells. 
As depicted in Figure 1D, the percentage of  INS-1/me-
sothelin cells in S phase was increased when compared 
with mock cells. It has been reported that mesothelin 
can promote anchorage-independent growth in human 
breast carcinoma. Accordingly, we examined the viabil-
ity of  pEGFP-N3/mesothelin cells under anchorage-
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Figure 1  Overexpression of mesothelin in INS-1 cells. Real-time polymerase chain reaction assay (A) and western blot assay (B) of mesothelin in INS-1 cells 
transfected with pEGFP-N3 and pEGFP-N3/mesothelin; C: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assays were conducted 48 h after transfection 
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bodies and blood of  the rats every three days (Figure 3C 
and D), and no significant change in the rat body weight 
or blood sugar was found.

Quantification of islets after downregulation of 
mesothelin during the remodeling of the endocrine 
pancreas in neonatal rats
To further examine the role of  mesothelin during mor-
phogenesis in neonatal rat islets, we detected insulin and 
glucagon expression by double-labeling immunofluores-
cence. Image J was used to measure the number and size 
distribution of  islets according to the fluorescent images. 
The overall distribution of  islets (including small clus-
ters of  β cells) on the day 7, day 14 and 1 mo pancreas 

is shown in a histogram (Figure 4A-C). The number of  
small islets in the Ad-mesothelin group was greater than 
that in the Ad-EGFP group on day 7 and day 14 (Figure 
4A and B). The total numbers of  islets increased in the 
Ad-mesothelin group compared to the Ad-EGFP group 
on day 7 and day 14.

Then, we suspected decreased cell proliferation in 
pancreas tissues by immunohistochemical staining of  
PCNA protein. PCNA is a marker of  cell proliferation. 
As shown in Figure 4D, PCNA expression in islets was 
decreased at 7 d and 14 d in the Ad-mesothelin group 
compared with the Ad-EGFP group. Down-regulation 
of  mesothelin in vivo decreased cell proliferation; there-
fore, the number of  small islets was increased. These 
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results indicated that the increased number of  small islets 
may be related to the expression of  mesothelin. Mesothe-
lin may have an important role in the remodeling of  the 
endocrine pancreas in neonatal rats. 

DISCUSSION
It has been established that mesothelin is a malignant 
factor and a target for therapeutic vaccines in several 
cancers[17]. However, the role of  mesothelin in neonatal 
rat pancreatic development is not clear. In this article, 
we demonstrated that the over-expression of  mesothelin 
promotes cell proliferation in vitro. Meanwhile, the reduc-
tion of  mesothelin in pancreatic β cells led to decreased 
cell proliferation and the increase of  small islets in vivo.

Mesothelin is one of  the glycoproteins that is attached 
to the cell surface by GPI. GPI-linked proteins have a 
wide variety of  functions in different cells. Some are 
receptors involved in cell signaling; others are involved 
in cellular recognition and migration. Mesothelin over-
expression was reported to be present in 60 resected pri-
mary pancreatic adenocarcinomas but not in the adjacent 
normal pancreas or benign pancreatic ducts[21,22]. More-
over, mesothelin mediates the transfer of  ovarian cancer 
to the peritoneum in combination with CA125 ovarian 
cancer antigen. In vitro, overexpressed mesothelin in pan-
creatic cancer cells significantly increases tumor prolifera-

tion and migration. Mesothelin-induced pancreatic cancer 
cell proliferation involves the alteration of  cyclin E via 
the activation of  transcription protein 3[23]. However, the 
details of  the biological function of  mesothelin during 
pancreatic development of  the neonatal rat are not clear.

Mesothelin over-expression has been reported to pro-
mote anchorage-independent growth in breast cancer[18]. 
The viability of  pEGFP-N3/mesothelin cells under 
anchorage-independent conditions in soft agar was exam-
ined. MTT was also performed to examine the viability 
of  pEGFP-N3/mesothelin cells. Otherwise, down-reg-
ulation of  mesothelin did not influence the cell prolif-
eration and apoptosis established by a MTT assay, cell 
colony formation assay and flow cytometry assay. These 
findings may be due to the low expression of  mesothelin 
in INS-1 cells. 

As shown in Figure 3C and D, no significant change 
in the rat body weight or blood glucose level was ob-
served between the Ad-mesothelin group and Ad-EGFP 
group after injection. We considered the following rea-
sons for these results: (1) mesothelin is a surface adhe-
sion protein that is not involved in the secretion function 
of  β cells, so the inhibition did not affect insulin release 
and blood glucose; (2) small islets are superior to large 
islets in function. It has been reported that small islets 
release three times more insulin under basal conditions 
than large islets during static incubation. During exposure 
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to high glucose conditions, small islets release four times 
more insulin than islet equivalents of  large islets[24]; and (3) 
the downturn of  mesothelin protein may induce a com-
pensatory up-regulation of  islet structure and function 
from other proteins.

It has been well established that intercellular interac-
tions within the islets of  Langerhans are important for 
the development and functional competence of  the islet. 
Cell-to-cell interactions are important for the develop-
ment and maintenance of  the β cell phenotype. Pancre-
atic β cells express a number of  cell migration molecules, 
including mesothelin which is described as a cell migra-
tion molecule[8,24-26]. The in vivo reduction of  mesothelin 
induced an amount of  small islets on day 7 and day 14 
that was comparable with that in the Ad-EGFP group. 
This finding indicated that mesothelin likely plays an im-
portant role in cell to cell interactions and in maintaining 
primary islet architecture.

Bera et al[27] demonstrated that mesothelin is not 
essential for growth or reproduction in mice after me-
sothelin protein is blocked. These results have some 
similarities with ours, but they do not show the effects of  
mesothelin on the islets. Methods to promote the forma-
tion of  mature pancreatic islet β-cells in vitro or in vivo is 
still a research focus. In summary, we demonstrated that 
mesothelin can promote cell proliferation and affect the 
number of  small islets, and we have therefore established 
the importance of  mesothelin during the rat pancreatic 
remodeling stage. 

COMMENTS
Background
Knowledge of the effect of mesothelin on cell proliferation will be useful in un-
derstanding its potential role in the remodeling endocrine pancreas of neonatal 
rats. However, no study has investigated the role of mesothelin in the remodel-
ing of the endocrine pancreas in neonatal rats. 
Research frontiers
The authors demonstrated that mesothelin may have an important role in the 
remodeling of endocrine pancreas in neonatal rats.
Innovations and breakthroughs
The study demonstrated that mesothelin could promote cell proliferation and 
downregulation of mesothelin could lead to a reduction in cell proliferation and 
an increase in the number of small islets in the remodeling of endocrine pan-
creas in neonatal rats.
Peer review
The work has important implications in the future as it shows the ability of me-
sothelin as a mediator stimulating the proliferation of pancreatic cells and their 
possible use in the future. It would be interesting to establish the relationship 
between mesothelin, damaged normal cells, and local proliferation of cells but 
also migration of progenitor cells from bone marrow. This mechanism would put 
the stamp seal help. The work not only stands out for its findings but also by the 
detailed methodology.
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