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Abstract 
Background and Aim: The progress made in the last few years have managed to come up withy the possibility of using different stem cell 
types in an endeavor to correct the alterations that appear in different degenerative diseases. The pancreas, an organ with extremely low 
regenerative capacity, both for the endocrine and for the exocrine component, is an organ perfect for cell therapy in the hope of restoring 
its function and cure diabetes mellitus or chronic pancreatitis. One main issue in the stem cell transplantation problem is represented by 
the influence of the cellular niche, formed by completely differentiated cells, on the phenotype and function of the transplanted cells. In this 
study, we challenge current knowledge in the field by evaluating the influence of exocrine pancreatic cells on placental stem-like cells using 
the co-culture technique. Methods: In our experiments, we used two different protocols in which adult pancreatic cells were cultured 
together with mesenchymal stem cells isolated from human placenta. In the case of the first protocol, we seeded pancreatic cells on a pre-
adhered single-cell layer of mesenchymal stem cells and in the second one, the seeding of two cell populations in suspension was done at 
the same time, after passage. During the experiment, we evaluated the alteration of the morphology of the placental cells using and 
inverted phase microscope and reverse transcriptase-PCR. Results and Conclusions: Based on morphology, in both cases the interaction 
between epithelial pancreatic cells and placental ones have determined a change in phenotype from mesenchymal to epithelial-like. Taking 
into consideration the gene expression, placental stem cells have maintained pluripotency gene expression throughout the study. They 
also expressed pancreatic amylase. These experiments bring out the plasticity of placental stem cells, the cell microenvironment with a 
decisive part in phenotype and the level of gene expression. The results obtained in vitro can bring a new picture on the effects of the 
pancreatic stem cell niche. 
Keywords: placental stem cell, exocrine pancreatic cells, co-culture, niche. 

 Introduction 

As millions of Europeans and Americans are 
diagnosed each year with a pancreatic disease, 
researchers have tried to find a solution for this major 
health care problem [1]. Orthotopic pancreatic islet 
transplantation represents a solution, but the low 
number of donors determinate researchers to focus their 
attention on finding new solutions [2]. In the past few 
years, studies in regenerative medicine have brought 
new hope in stem cell-based treatments for degenerative 
diseases [3, 4]. Numerous studies have managed to 
differentiate in vitro stem cells by using different 
combinations of growth factors, but in order to restore 
an organs’ initial function, the final step is represented 
by the successful implantation in the adult human body. 
One major issue with profound implications in the cell 
therapy of diseases is represented by the interaction 

between the stem cells transplanted in the human body 
and the niche with which they interact, influencing the 
main phenotype and behavior [5–7]. Placental stem 
cells, which exhibit spontaneous proliferation and the 
ability to differentiate both into exocrine and endocrine 
progenitors, may serve as an ideal cellular source  
[8–10]. The focus of our current study utilizes stem cells 
isolated from the human placenta and adult pancreatic 
exocrine cells in a new approach that attempts using the 
co-culture protocol to reproduce in vitro the interaction 
between stem cells and their niche. 

 Materials and Methods 

Cell isolation 
Placental stem cells were isolated as previously 

described [11]. Normal pancreatic tissue was obtained 
after ablative surgery from a patient initially diagnosed 
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with insulinoma, with the courtesy of Associate Professor 
Cornel Iancu, Department of Surgical Disciplines at the 
“Iuliu Haţieganu” University of Medicine and Pharmacy, 
Cluj-Napoca. The pathology examination confirmed is 
was normal pancreatic tissue, with not evidence of 
adjacent malignancy. After a mechanical fragmentation 
of the prelevated pancreas, the tissue is washed with 
phosphate buffer solution (PBS). The fragments are 
transferred in a 50 mL Falcon dish with 15 mL of dispase 
(Sigma Aldrich, St Louis, MO, USA) for 30 minutes at 
370C, before the enzyme is inactivated using fetal calf 
serum (FCS). Following centrifugation at 600 rpm for 
7 minutes, the cell suspension is filtered in order to 
obtain a single-cell suspension. Cell viability was 
evaluated using the Trypan blue staining technique. 

Cell culture and co-culture 
Cells were cultured at 370C, 7% CO2 for seven days 

before the culture medium is first changed and a 70–
80% cellular confluence obtained. The culture medium 
contained RPMI medium with 10% fetal calf serum, 
100 IU/mL Penicillin, 100 µg/mL Streptomycin, 2 mM 
L-Glutamine, 1% non-essential amino acids, 1% ITS 
(insulin, transferrin and selenium), 5 ng/mL basic 
fibroblast growth factor, 3 ng/mL transforming growth 
factor β and 25 ng/mL insulin growth factor (all from 
Sigma Aldrich). 

Our research team attempted two protocols of  
co-cultivation. The first one was seeding pancreatic 
cells on a single-cell layer, pre-adhered with placental 
mesenchymal stem cells. The pancreatic cells were 
cultivated on different layers formed by chitosan or 
collagen and later on collected together with the culture 
medium before being transferred on 6 cm Petri plates 
with the other mesenchyma stem-like cells. The 
placental stem cells were derived from the amniotic 
membrane, passage XII and epithelial cells, passage IX. 
The following culture mediums were used: DMEM/F12 
1:1, inactivated fetal calf serum, 100 IU/mL Penicillin, 
200 µg/mL Streptomycin, 2 mM L-Glutamine, 1% non-
essential amino acids, 1% ITS plus 10 ng/mL EGF and 
DMEM/F12 1:1, inactivated fetal calf serum, 100 IU/mL 
Penicillin, 100 µg/mL Streptomycin, 2 mM L-Glutamine, 
1% non-essential amino acids, 1% ITS, 10 ng/mL EGF 
plus 25 ng/mL IGF. The plates were examined using an 
Olympus CKX41 inverted phase microscope and images 
were taken at 2 minutes, one hour, 20 hours and on days 
3, 8, 12 and 15. The second method was seeding the 
two-cell suspension at the same time, now of the 
mesenchymal stem cell passage. The pancreatic cells on 
the chitosan or collagen plates were trypsinized, 
resuspended and then added over the cell population 
already plated. 

RNA extraction and RT–PCR analysis 

RNA was extracted from all the investigated cell 
types at approximately 80% confluence. Total RNA was 
extracted from approximately 0.5×107 cells using the 
PureYield RNA Midiprep System kit (Promega). The 
synthesis of cDNA corresponding to messenger RNA 
was carried out using the ImProm Reverse Transcription 
System kit (Promega). 

The reaction mixture consisted of 0.5–1 µg RNA, 
15 u/µg AMV reverse-transcriptase; buffer solution 
(10 mM Tris-HCl with pH 9.0 at 250C, 50 mM KCl, 
0.1% Triton X-100); dNTP solution 1 mM each; MgCl2 
5 mM; recombinant ribonuclease inhibitor 1 u/µL; 
oligo-dT 0.5 µg/µg RNA; nuclease-free ultra pure water. 
The described mixture was incubated at 450C for 
45 minutes, followed by heating at 950C for 5 minutes 
and cooling at 0–50C for another 5 minutes. Subsequently, 
the cDNA obtained was stored at -200C until its use  
in PCR amplification reactions. Amplification was 
performed under standard conditions, using the 
components of the GoTaq PCR Core System II kit 
(Promega). The cDNA amount was generally 5–10 ng/µL 
and negative controls were always prepared (ultrapure 
water instead of standard DNA). 

The reaction also included: Taq polymerase 
0.025 u/µL; buffer solution; dNTP solution 0.2 mM 
each; MgCl2 1.5 mM; primers and nuclease-free ultra 
pure water. The program used was a standard 
amplification scheme in which the melting temperatures 
of specific primers varied: denaturation 950C, 2 minutes; 
35–45 cycles of 950C, 30 seconds – t0C (depending on 
primers), one minute – 720C, 2 minutes; 720C, 5 minutes; 
storage at 40C. The primer sequences, the size of the 
amplification product and the melting temperature used 
are indicated in the Table 1. 

Table 1 – The primer sequences, the size of the 
amplification product and the melting temperature 

 Sequence (5’→3’) 
Size of the 

product 
[bp] 

Melting 
temperature 

[0C] 

Amylase agttagctataaattatgcacaag 
tgcttggaagcatcaagtctgaac 411 56 

Insulin tttgtgaaccaacacctgtgc 
aagggctttattccatctctctc 326 56 

Rex-1 atggctatgtgtgctatgagc 
ctcaacttcctagtgcatcc 447 50 

TERT catcatcaaaccccagaacac 
caaacagcttgttctccatgt 371 55 

Vimentin ttcagagagaggaagccgaaaac 
tttaagggcatccacttcacag 422 56 

GAPDH acaactttggtatcgtggaa 
aaattcgttgtcataccagg 458 50 

 Results 

Pancreatic adult tissue & placental isolation 

Immediately after the cell suspension was isolated, 
we could notice in culture cell aggregates with a unique 
shape, similar to the results published by other authors 
in the recent years. These aggregates did not proliferate 
and neither did they adhere to the surface of the Petri 
flask (Figure 1). After 14–21 days in culture, the 
morphology of the aggregates had begun to change and 
an inner lumen was formed, suggesting a primitive 
acinar-like phenotype (Figure 2). 

Co-culture analysis 

According to the analyzed images, we notice at 
20 hours (Figure 4), after having added adult pancreatic 
cells, the adherence to the single stem cell based layer, 
with the preservation of the characteristic morphology 
for 1–2 days. After this interval, the pancreatic cell 



Pancreatic exocrine adult cells and placental stem cells co-culture. Working together is always the best way to go 

 

1001

aggregates were assimilated completely. A change in 
morphology is nevertheless observed, similar to the 
epithelial look. We kept track of the differences 
between pre-cultivation according to different layers 
and culture medium (Figure 5 and 7). 

The differences were minor, with a more expressed 
alteration in morphology towards the epithelial phenotype 
of pancreatic cells prelevated from the chitosan layer 
and culture medium containing EGF and IGF (Figure 6). 

The epithelial-like component from the amniotic 
membrane, passage 9, has had a behavior similar to that 
of mesenchymal cells (Figure 8), a clear advantage being 
represented by pre-culture of pancreatic cells on chitosan 
with EGF and IGF that maintained cell proliferation. 

Regarding the second method of co-culture of the 
two cell types in suspension, for over 15 days, the first 
methods brought nothing new to the study. The most 
interesting were the images taken after 20 minutes and 
one hour, where we can notice the special association of 
the two cell types, as well as the fast triggering of the 
adhesion phenomenon (Figures 9 and 10). 

It was noticed that in the previous method, the 

alteration in cell shape until day 15 was towards an 
epithelial-like shape given by the clear advantage EGF 
and IGF brings to the picture (Figure 11). 

Gene expression analysis 

In order to properly evaluate the evolution of the 
gene expression after co-culture, pancreatic cells were 
compared with placental stem cells isolated from the 
amniotic membrane (MA), and cultured on collagen 
scaffold without (MP1) and with 10 ng/mL epidermal 
growth factor (MP2). PCR analysis was performed at 7 
and 21 days after the start of the experiment. Both Oct¾ 
and Rex-1 undifferentiated markers were kept during 
the culture, but after one week, placental stem cells had 
begun to express the marker responsible for pancreatic 
amylase, under the influence of the isolated pancreatic 
tissue. After three weeks, the amylase expression was 
no longer present because of the Darwinian selection of 
the placental stem cells. This should not be a problem  
in vivo though because of the constant presence of the 
external pancreatic specific signaling (Figures 12 and 13). 

 

 
Figure 1 – Suspension cell aggregates. Figure 2 – Primitive pancreatic acinar 

3D structure. 
Figure 3 – Mesenchymal cells isolated 
from placenta, passage 5. The isolated 
cells from the placenta have a 
fibroblast-like phenotype. 

 

Figure 4 – Co-culture of 
differentiated pancreatic 
cells on a stem cell-based 
layer (MAM) after one
(a) and 20 hours (b). 

(a)  (b)
 

(×100)  (×200)

Figure 5 – Co-culture of MAM cells on a layer of collagen, plus 30 ng/mL EGF, eight days after culture is initiated. 



S. Şuşman et al. 

 

1002 
 

 
Figure 6 – Co-culture of MAM cells on a chitosan layer, ITS medium, day 8. Figure 7 – Co-culture of MAM cells 

with pancreatic cells on a collagen 
layer, medium supplemented with 
EGF and IGF, day 15. 

 

(a)  (b) (c) 
Figure 8 – Co-culture of MAE, passage 9 – pancreatic cells on a layer of chitosan with IGF and EGF: (a) day 3, 
×100; (b) and (c) day 12, ×100. 

 

 
Figure 9 – Placental cells in contact with exocrine pancreatic cells, after 20 
minutes. 

Figure 10 – MAM, passage 12, in 
suspension, including the pancreatic 
cells on a collagen layer, after three 
hours.

 

(a)   (b)

Oct3/4

Rex-1

Vimentin

GAPDH

MA  MP1 MP2

 
Figure 11 – MAM, passage 12 in suspension along with the pancreatic cells 
on a chitosan layer: (a) eight days; (b) 15 days. 

Figure 12 – The gene expression 
of the pluripotency markers found 
in placental stem cells. 

 

MA    MP1 MP2   MP1  MP2   MA   MP1   MP2

MP1 MP2  MP1 MP2  MP1 MP2

Amylase

Amylase

Insulin

Insulin

one week

three weeks

 
Figure 13 – PCR analysis of the co-culture 
experiment at 7 and 21 days. 

 Discussion 

Ever since the beginning of the embryologic 
development, the interaction between different cell 
types is essential for a normal ontogenesis [12–15]. This 
type of interaction is kept during the entire lifespan, but 
in the case of adult organisms, the cells are found in 
specific niches that determine whether they have or not 
plasticity and self-renewal abilities [16, 17]. 

The isolation and characterization of different 
populations of stem-like cells has brought to the public 
attention the hope that incurable diseases may actually 
be cured. Their use in cell therapy is equal in a final  
step the in vitro transplantation in an environment 
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characteristic for each organ. This can only be achieved 
by their in vitro pre-differentiation, before transplantation 
[18–20]. 

Numerous studies have highlightened the fact that 
once they have arrived in a niche, a stem cell may 
interact with differentiated cells and the change of gene 
expression profile may come along with a change in 
behavior that allows it to take over a part of the 
functions characteristic for the surrounding cells [21, 
22]. Mesenchymal stem cells from the bone marrow 
have the property of pantropism, the ability to migrate 
through the blood stream using the SDF1–CXCR4 axis 
towards injured tissues [23]. Also, during pregnancy a 
transfer of placental cells between maternal and fetal 
tissues has been proven to exist. This is facilitated by 
the fact that placental cells have a low HLA expression 
level, allowing them to elude the immune system [24]. 

Our study is the first that tried to evaluate the 
alterations of the stem cells isolated from the human 
placenta after having been co-cultivated along with 
adult, completely-differentiated cells of exocrine, 
acinary origin. The isolation of the pancreatic cells was 
possible as cell aggregates that do not proliferate and 
that like to adhere to plastic surfaces. Nevertheless, 
these cells were shown to take the shape of pseudo-
acinary structures after about two weeks. The co-culture 
protocols included two methods: in the first one, the 
adhered placental cells formed a single-cell layer, on the 
top of whom placental cells were added. The union 
between the two cells types was observed after about 
20 hours, but after another one or two days were 
completely assimilated by the placental monolayer. This 
proves the excellent union between stem-like cells 
isolated from the placenta and the more differentiated 
ones, with profound in the change of phenotype from 
fibroblast-like to epithelial-like, accompanied by a 
change in gene expression altogether [25]. 

As for the second method described by our protocol, 
the differences are not significant and the contact or 
adhesion of the two cell types is finished within 20 
minutes, with a change in morphology towards an 
epithelial phenotype. When describing gene expression 
during the experiment, genes like Rex-1 or Oct¾ 
continued to be present, along with vimentin. This 
demonstrates the partial alteration in phenotype of the 
adult pancreatic cells [26]. 

A key moment in our experiment was the expression 
of amylase one week after the co-culture, proving the 
plasticity of the placental stem cells that are prone to 
take over a part of the elements characteristic for the 
pancreatic cell niche. The presence of amylase was not 
definitive, being dependent on the presence of 
pancreatic differentiated cells along with the alteration 
and death of the cells that will ultimately return to the 
un-differentiated status. This because the adult cells 
represented only the exocrine component and insulin 
expression was negative [27]. 

 Conclusions 

In the current study, we tried to evaluate the 
consequences of pancreatic cell niche behavior in 

collaboration with placental stem cells. These proved to 
be suitable with pancreatic cell interaction, integrating 
perfectly in a newly formed niche. During the 
experiment, a change in phenotype and gene expression 
was noticed, but only partial and transitory. The data 
obtained by our research team prove that mesenchymal 
stem cells isolated from different placental tissues are 
perfect for cell therapy and regenerative medicine, with 
the final goal to restore the initial function of different 
organs, including the exocrine pancreas. 
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