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Proliferation-promoting effect of umbilical cord mesenchymal
stem cells on co-cultured bovine mammary gland epithelial cells

ZHAO Yan-kun, SHAO Wei, LUO Cheng-long, YU Xiong "

(College of Animal Sciences, Xinjiang Agricultural University, Xinjiang Key Laboratory of Meat & Milk
Production Herbivore Nutrition,, Urumqi 830052, China)

[ Abstract]  Objective To explore the proliferation-promoting effect of bovine mammary gland epithelial cells
(BMECs) co-cultured with umbilical cord mesenchymal stem cells (UC-MSCs) in serum-free culture mediuum. Methods
Bovine UC-MSCs and BMECs were selected for co-culturing in direct or indirect contact. In the direct contact culture
groups, UC-MSCs and BMECs were co-cultured at concentration ratios of 2: 1, 1: 1, 1:2, 1:3, 1:4, 1:5, and 1:10, re-
spectively. In the indirect contact culture group, the supernatant of UC-MSCs was used as the conditioned medium to re-
suspend BMECs. In the control groups, UC-MSCs and BMECs were cultured alone. The cell growth status in each group
was observed at 0, 4, 8, 12, 24, 36, 48, 60, 72 h after culture, and cell proliferation was detected by cell counting kit-
8 (CCK-8) assay. Results A148 h, the optical density of the conditioned medium-BMECs group was significantly higher
compared with the control groups (P <0.05). Meanwhile, the optical density in the direct contact group at a concentration
ratio of 1:2 reached the peak, which was extremely significantly higher compared with the control groups (P <0.01) and

significantly higher compared with the other direct contact culture groups and the conditioned medium-BMECs group (P <
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0.05). Conclusions Co-culture of UC-MSCs and BMECs in serum-free culture medium is capable to promote the prolif-

eration of BMECs, and the co-culture by cell-to-cell contact has a better effect. The optimal concentration ratio of UC-MSCs

to BMECs is 1:2, and the optimal culture time is 48 h.
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The proliferation and differentiation of bovine
mammary gland epithelial cells (BMECs) run through
the whole process of mammary gland development.
BMECs maintain lactation by continuous proliferation,
which is regulated by many hormones and growth fac-

). UC-MSCs have a pluripotency to differentia-

tors
tion, self-renewal, and low immunogenicity. They can
secrete multiple cytokines, and are involved in the
construction of cell microenvironment'>'. UC-MSCs
can be used as seed cells to multiply BMECs and pro-
mote their growth, providing a new idea for the appli-
cation of breast tissue engineering and regulation of
lactation.

In a previous study, our team had injected UC-
MSCs into rats, sheep, and Holstein bull calves. It
was found that UC-MSCs did not induce immune rejec-
tion in these animals, and they influenced different tis-
sues by exerting the function of stem cell homing.
These in vivo experiments verified that UC-MSCs have
remarkable effects on promoting growth, accelerating
mammary gland development, and reducing inflamma-
tion®~®’. To further clarify how UC-MSCs promote the
mammary gland development, this experiment used the
direct- and indirect-contact method to co-culture UC-
MSCs and BMECs under serum-free condition, and
CCK-8 assay was used to detect the proliferation-pro-
moting effect of UC-MSCs on BMECs. This article of-
fers a novel method for enhancing the growth and pro-
liferation of BMECs in vitro and establishes a theoreti-
cal basis and technique for further exploring the mam-

mary gland development and the approach of raising

milk yield.
1 Materials and methods

1.1 Design of experiment

The experiment was carried out from December

2015 to June 2016 in the Xinjiang Key Laboratory of
Meat & Milk Production Herbivore Nutrition. The UC-
MSCs and BMECs with the best growth performance
were chosen for co-culturing by direct or indirect cell-
to-cell contact. In the direct contact groups, UC-MSCs
and BMECs were co-cultured at concentration ratios of
2:1, 1:1, 1:2,1:3, 1:4, 1:5, and 1:10, respec-
tively. In the indirect contact groups, the supernatant
of UC-MSCs was used as the conditioned medium to re-
suspend BMECs. In the control groups, UC-MSCs and
BMECs were cultured alone. A negative control group
was further arranged. The cell growth status in each
group was monitored at 0 h, 4 h, 8 h, 12 h, 24 h, 36
h, 48 h, 60 h, and 72 h of co-culture, and cell prolif-
eration was detected by CCK-8 assay.

1.2 Materials

1.2.1  Cell source. UC-MSCs: umbilical cord-de-
rived mesenchymal stem cells were isolated from Hol-
stein dairy cattle in our previous experiment and cul-
tured in vitro ( the cells have been identified ).
BMECs; purchased from Guangzhou Jennio Biotech
Co. , Ltd.

1.2.2 Main apparatus and reagents. Inverted micro-
scope ( Motic-AE31), CO, incubator ( HF151UV) ,
T75 flask ( Corning T) , 96-well plate ( Bogoo, Shang-
hai) , H-DMEM ( Hyclone) , RPMI-1640 ( Hyclone) ,
fetal bovine serum ( Gibco), 0.25% trypsin + ED
(Hyclone ), CCK-8 reagent (7Sea Biotech, Shang-
hai) , and microplate reader ( Thermo).

1.3 Methods

1.3.1 Purification and amplification of UC-MSCs and
BMECs. When growing to 90% confluence, UC-MSCs
and BMECs were subcultured at the ratio of 1:2 or 1:
3, using trypsin digestion.

1.3.2  Co-culture of UC-MSCs and BMECs. UC-
MSCs and BMECs were purified and multiplied at first.
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Some of them were co-cultured in 96-well plates at dif-
ferent concentration ratios. For the indirect contact
group, supernatant of UC-MSCs was used as the condi-
tioned medium to re-suspend BMECs, which were then
inoculated in culture plates. In the control groups,
both BMECs and UC-MSCs were cultured alone. For
each group, the same inoculum density was adopted
and three parallel experiments were conducted. Each
culture plate was marked and incubated at 37°C in 5%
CO,. Serum-free medium was used to replace the cul-
ture medium.
1.4 Determination of viable cells

10 L of CCK-8 solution ( prepared with serum-
free medium) was added in each well, and incubated
at 37°C in 5% CO, for 4 h. Subsequently, an automat-
ic microplate reader was used to determine the optical
density at 450 nm.
1.5 Data statistics and analysis

Variance analysis and Duncan’ s multiple range
test were performed using SPSS 18.0. P <0.05 was

considered as statistically significant, and P <0. 01 ex-

tremely significant. Results were expressed as average

+ standard deviation (X £8).

2 Results

2.1 Morphological observation of UC-MSCs dur-
ing the purification and amplification

Through the inverted microscope, it was seen that
passage 3 (P3)UC-MSCs grew into fusiform or triangu-
lar adherent cells at the bottom of the flask; at 7 d, the
UC-MSCs presented a fibroblast-like morphology ( Fig.
1-A). To passage 4 (P4), most of the UC-MSCs were
fusiform or fibroblast-like, while some were triangular
or polygonal (Fig. 1-B). To passage 5 (P5), the
number of UC-MSCs increased gradually; the colony
forming and cell growth speed were faster compared
with dispersed cells; the cells present a circinate ar-
rangement, and the morphology was more consistent.
(Fig. 1-C). After passage 6 (P6), the UC-MSCs
changed very little in morphology, but the cell number

was reduced slightly and the proliferation slowed down

(Fig. 1-D).

Note. 1-A: P3 UC-MSCs cultured for 7 d; 1-B: P4 UC-MSCs; 1-C.: P5S UC-MSCs; 1-D. P6 UC-MSCs
Fig.1 Recovery and subculture of the UC-MSCs ( x 100)
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2.2 Morphological observation of the BMECs the recovery of BMECs was mixed with other cells, at
during purification and amplification first (Fig. 2-A). In the subsequent culturing, the

It was observed through the inverted microscope BMECs showed an obvious “netting” feature ( Fig. 2-

Note. 2-A: After the recovery of BMECs cultured for 2 days; 2-B; BMECs cultured for 6 days; 2-C: BMECs cultured
for 8 days; 2-D: Purification of BMECs cultured for 12 days; 2-E: BMECs of passage 5 generations; 2-F; BMECs of

passage 8 generations; 2-G: BMECs of passage 12 generations; 2-H: BMECs of passage 15 generations.

Fig.2 Recovery and subculture of the BMECs( x100)
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B). Moreover, the cell confluence enhanced and the
cells exhibited a cobblestone-like growth pattern ( Fig.
2-C). After passage and purification, the originally
round BMECs stretched gradually into flat cells, exhib-
ited a fusiform, triangular, or irregular polygon shape
(Fig.2-D). At P5, cells became bigger and were uni-
formly distributed over the flask bottom in a cobble-
stone-like pattern. At passage 8 (P8), the sharply in-
creased BMECs were arranged tightly and developed
into colonies. After passage 12 (P12), the growth of
BMECs was slowed down and the cell number was de-
creased, and finally was stopped.
2.3 Results of CCK-8 assay for cells co-cultured
at different concentration ratios and for different
time durations

The optical densities of theUC-MSCs and BMECs
inoculated at different concentration ratios were presen-
ted in Figure 3. At 8 h and 12 h, the optical densities

of the groups with concentration ratio of 1:2 was signif-

icantly higher than that of the control groups (P <
0.05). At 24 h, the "1:3" group was significantly
different from the control groups (P <0.05). At36 h,
the " 1:2" group was extremely significantly higher
than the group with the conditioned medium-BMECs
group (P <0.01). At48 h, the "1:2" group was ex-
tremely significantly higher in comparison with the con-
trol groups (P <0.01) and the other concentration ra-
tio groups (P <0.05); and the conditioned medium-
BMECs group was significantly higher than the control
groups (P <0.05). At 60 h, the "1:2" group was
extremely significantly higher than the control groups
(P<0.01), and significantly higher than the "2: 1",
"1:1", and conditioned medium-BMECs groups (P <
0.05). At 72 h, the "1:2" group was extremely sig-
nificantly higher than the control groups and condi-
tioned medium-BMECs groups (P <0.01) and signifi-
cantly higher than those of the "2: 1", "1:1", and
"1:10" groups (P <0.05).
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Fig.3 Comparison of the OD values of UC-MSCs and BMECs co-cultured in different concentrations and at different time points

3 Discussion

3.1  Morphological changes of the UC-MSCs and
BMECs during purification and amplification as seen in
Fig. 1-B and 2-A, P3 and P4 UC-MSCs were not pure
UC-MSCs, and the revivified primary BMECs were also
mixed with other cells. It was reported that the UC-
MSCs before P3 are highly inconsistent in morphology ,
such as no clear boundaries between cells and no ap-

parent fibroblast-like colonies formed'”’. Li et al.'*

pointed out that primary BMECs are prone to fibroblast
pollution and thus should be purified before culture.
Hence, UC-MSCs and BMECs were gradually purified
by continuous passage in the present work. The chan-
ges of cell morphology can be used to judge whether
cells are proliferating or at the stage of apoptosis'®’. Tt
is believed that the UC-MSCs at passage 5 and the
BMECs at passage 8 are relatively unpolluted, with an
optimal growth and high activity. In the in vitro culture

process, UC-MSCs can be propagated to a desired
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numbers in a shorter time with higher metabolic rate
than BMECs. The in vitro metabolic rate of mesenchy-
mal stem cells (MSCs) is related to cell proliferation
and differentiation, thus influencing the biological

functions of the cells'®).

These facts suggest that UC-
MSCs have the power to participate in the amplification
of BMECs as seed cells. That is, UC-MSCs are appro-
priate for subsequent trials. Chen et al. "' reported
that UC-MSCs are able to form apparent cell colonies,
and the used UC-MSCs generally do not exceed the
sixth passage. This is consistent with our results. Mo-
reover, it has been reported that both UC-MSCs and
BMECs could propagate for over 20 generations. How-
ever, the cell morphology will be gradually changed af-
ter passage 10 and the proliferation rate will be slowed
down till death'"?!. The cells in the 3rd to 18th passa-
ges have the optimal biological activity'"*. The results
of these reports were not consistent with our experimen-
tal results, which could be due to differences in the
cell culture environment, inoculum density, culture
medium, and serum concentration.
3.2 Effect of UC-MSCs on the proliferation of
BMEC:s cultured in different co-culture modes

In the present work, UC-MSCs and BMECs were
co-cultured in two modes; direct and indirect cell-to-
cell contact modes. At direct contact mode, two types
of cells are mixed directly to allow sufficient interaction

U4 At indirect contact mode, the close

between them
physical contact or regulation between the two types of
cells are cut off, but the diffusible factors secreted by a
certain type of cells can penetrate through the permea-
ble membrane and accelerate cell proliferation and dif-

ferentiation' "

. Additional cells in a co-culture system
can regulate the growth status of target cells'®'. Phag-
ocytosis does not occur in the system where UC-MSCs
and other cells coexist. Meanwhile, UC-MSCs can pro-
mote the proliferation of the coexisting cells and even

U781 The results of our

induce their differentiation
study show that the optical densities of the cells co-cul-
tured in either direct contact or indirect contact modes
were higher than those of control groups, and the opti-
cal densities of cells co-cultured in direct contact mode

are higher than that of the conditioned medium-BMECs

group. No matter direct or indirect contact mode, the
co-culture of UC-MSCs and BMECs is able to enhance
the proliferation capacity of BMECs, while the direct
contact mode has a better effect than the indirect
mode.
3.3 Possible approaches for UC-MSCs to pro-
mote BMECs proliferation

MSCs can produce manifold factors, which exert a
critical supportive role through paracrine and autocrine
actions'"". It is noteworthy that the use of the superna-
tant containing growth promoting factors secreted by
UC-MSCs as the medium of BMECs is comparable to
the addition of exogenous growth stimulator. The super-
natant provides better nutrition for BMECs than serum-
free medium (SFM). Hence, the BMECs cultured in
such supernatant grow faster, along with stronger activ-
ity and proliferation capacity. Moreover, some studies
indicated that the stem cells in a direct contact co-cul-
ture system can induce the proliferation and differentia-
tion of other cells by secreting several growth factors,
which are closer to physiological dose, duration and se-

quencejzo,zlj

. Therefore, the proliferative effect in the
co-culture system could be linked to the concentrations
of the factors secreted by UC-MSCs. In the direct con-
tact co-culture of two types of cells, neither the parac-
rine nor the autocrine of UC-MSCs will be interrupted.
However, only paracrine is present in the indirect con-
tact co-culture. Accordingly, the concentrations of the
secreted factors in the direct contact mode are higher
compared with that in the supernatant, thus generating
a more remarkable proliferative effect on BMECs. On
the other hand, the direct contact between cells and/or
the extracellular matrix might contribute more to the

2 . . .
'. However, this experiment is

proliferative effect'
still not able to determine which type of cell causes the
cell proliferation in the direct contact co-culture system
and which one plays a dominant role in the regulation
of proliferation. Further experiments are needed to an-
swer these questions.

3.4 Optimal co-culturing condition of UC-MSCs
and BMECs

Experimental results showed that there is no cell

proliferation in each group in the first 36 h of co-cul-
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ture. Previous study indicated that UC-MSCs grew
slowly within 24 h, and then their growth began to ac-
celerate at 24 —36 h. After a stable phase, cell growth
slowed down again and then entered gradually into a

plateau phase'”’.

Their report confirms our experi-
mental results that the growth cycle of co-cultured cells
follows the growth regularity of cells as well.

The optical density of each group reached the
peak at 48 h, while the optical density of each treat-
ment group was higher than those of the control groups.
It is because that after the rapid growth phase UC-
MSCs began to secrete various factors in large quanti-
ties and act on target cells, thus promoting the growth
of BMECs. Our finding that UC-MSCs have an optimal
proliferation promoting effect at 48 h, is in contrast

with Wang’ s (2014 ) report **.
that SFM was adopted in this experiment, which elimi-

It might be due to

nated the interference of serum on cells. This approach
better verified that the outcome was attributed to UC-
MSCs. Moreover, cell proliferation was slowed down at
60 h and 72 h when the proliferation-promoting effect
of the co-culture system was weaker after 48 h. It was
because that the cells entered the decline phase, and
the proliferative ability of co-cultured cells was gradu-
ally weakened. UC-MSCs might not passage the whole
co-culturing period. The growth of UC-MSCs is in peri-
odicity within the limited time of one generation, so
their secretion keeps pace with their growth cycle >’.
The secretion intensity is higher in the rapid growth
phase, while the secretion level declines when cells
grow slowly. At this moment, UC-MSCs failed to sup-
ply pertinent factors and to enhance the proliferation of
BMECs.

Wang et al. " pointed out that there would be
cell fusion when MSCs were co-cultured with other
cells. In this experiment, cell proliferation capacity
was improved by the co-culturing of UC-MSCs and
BMECs at different concentration ratios, and the co-
culturing at the concentration ratio of 1:2 displayed the
best effect. It was because of that the two types of cells
interacting with each other when co-existing in a limit-
ed space'”’. Only when the two types of cells reach

the optimal confluence at an appropriate concentration

ratio, UC-MSCs can play a critical role in linking two
types of the cells, thus exerting the proliferation-pro-
moting effect. Dong'®’ found that the co-culturing of
osteoblasts and vascular endothelial cells at the concen-
tration ratio of 1: 1 for 36 h was the optimal co-culture
condition. Xue et al. "' indicated that the cell prolif-
eration effect was optimal when bone marrow-derived
mesenchymal stem cells and umbilical vein endothelial
cells were co-cultured at the concentration ratio of 1:5
for 5 d. In the present study, the optimal concentration
ratio of co-culturing was 1:2 and the optimal duration
was 48 h. These differences suggest that the optimal
concentration ratio and culture time vary from the

source of experimental cells and culture condition.

4 Conclusions

1) The PS UC-MSCs and P8 BMECs propagated in
vitro have the best morphology and favourable activity.

2) Under the serum-free condition, direct contact
mode of co-culturing overmatches that of indirect con-
tact mode in promoting the proliferation of BMECs.

3) The optimal concentration ratio for co-culturing
UC-MSCs and BMECs is 1:2 and the optimal time is

48 h for the direct contact mode co-culture.
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