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ABSTRACT

Objectives: A low level of placental growth factor (PIGF) expression in placenta is strongly correlated with pregnancy loss, prematurity, fetal growth
restriction, and preeclampsia. Pristane-induced lupus in mice model has been widely used to present placental damage and poor pregnancy outcomes.
Conditioned media (CM), which is medium for culturing mesenchymal stem cells (MSCs), have grown much attention recently. It has rich amount of
growth factors, exosomes, microvesicles, and immunomodulatory molecules. These could become beneficial resources to recover poor placentation.

Methods: CM taken from the 3™ to 4™ passage of the culture were underdone by using explant method of human umbilical cord (hUC). Ninety BALB/c
mice were randomly distributed into three groups: Normal, pristane, and pristane + CM group. Mice in normal group were injected with 0.5 ml
normal saline and other groups with 0.5 ml pristane. Four weeks later, mice were mated and only pristane + CM group received therapy of CM-MSCs
0.5 ml single dose after pregnancy was confirmed. On day 16, pregnancy was terminated and the placenta was analyzed for PIGF expression using
immunoreactive score and statistically tested with analysis of variance.

Results: The average of PIGF expression in normal, pristane, and pristane + CM group was 9.528, 3.428, and 10.085, respectively. CM have significantly
increase PIGF (p<0.01**) and equal to normal (p=0.301).

Conclusion: CM of hUC-MSCs has shown its therapeutical effect among the low level of PIGF in damaged placenta, and potentially would prevent fetal

growth restriction and preeclampsia arose from spiral artery remodeling failure.
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INTRODUCTION

Placental growth factor (PIGF) is believed as the most important
molecules in placenta that supporting proper angiogenesis and good
placentation process [1]. A low level of PIGF will significantly increase
the risk of poor pregnancy and provide information to identify high-
risk pregnancy before clinical manifestation arise. Some interventions
could be done after, but none has given proper results [2].

Pristane induction in mice model has positively correlated with adverse
fetal outcomes, especially fetal growth restriction and fetal demise [3].
However, PIGF expression in placenta after pristane induction has never
been reported in any study before. Stem cells have become a trending
topic as a new modality in therapy. It has been used in many relevant
clinical setting. Yet, its usage in the field of obstetrics is lacking [4].
Conditioned media (CM) of human umbilical cord mesenchymal stem
cells (hUC-MSCs) have a rich source of many potential growth factors,
including vascular endothelial growth factor (VEGF) that has high
potentiality on angiogenesis; hepatocyte growth factor and tumor
growth factor-p that have ability in promoting cell regeneration and
suppressing inflammation [5]. In this study, CM of hUC-MSCs is expected
to restore poor placentation process in low PIGF expression setting by
increasing PIGF expression in placenta.

METHODS

Animals
We undertake the study at the Faculty of Veterinary Medicine,
Universitas Airlangga, Surabaya. The study was approved by the Ethical

Committee of Universitas Airlangga, Surabaya and Universitas Sebelas
Maret, Solo and met the criteria of ARRIVE [6] and PREPARE [7]
guidelines. BALB/c mice in healthy condition, weighing 25-20 g, were
chosen. Standard conditions are used for breeding and maintaining the
study.

CM of hUC-MSCs

CM used in this study were taken from the culture media of hUC-MSCs
at the third and fourth passages. We used Dulbecco’s Modified Eagle
Medium-high glucose supplemented with 5% human platelet lysate
and L-glutamine. After 80% of confluency had achieved, stem cells were
harvested. TrypLE Express was used for harvesting purposes. For the
first collection, hUC-MSCs were identified with the standard surface
markers (CD 90, CD 105, and CD 73) using flow cytometry. Explant
method with multiple harvesting method was used for culturing
process in normoxic condition [8,9]. After isolation of the hUC, vessels
were dissected. Umbilical tissue then chopped into tiny pieces and
placed in the culture dish (+2 mm? area) and put into CM for multiple
passages. Antibiotics and antimycotic were also added as standard for
eliminating contamination possibility.

Damaged placenta model using pristane and treatment using CM

Ninety mice were put into three groups by randomization: (I) Normal,
(I) pristane, and (III) pristane + CM. Mice in Group I were injected with
0.5 ml of normal saline, intraperitoneally; meanwhile, Group II and III
were injected with 0.5 ml pristane (2,6,10,14-tetramethylpentadecane).
It takes 4 weeks to develop immunological reaction induced by pristane
that could potentially damage placenta as the pregnancy happen. After
4 weeks, mice were mated. Synchronization was done using five IU
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pregnant more serum gonadotropin and followed by human chorionic
gonadotropin 2 days later. The breeding procedure was proceeded
with monomating using 7-month-old male mice. As the pregnancy
was confirmed by copulatory plug appearance, Group III received
intraperitoneal injection of 0.5 ml CM and others received normal
saline.

Data collection and statistical analysis

Day 16 was chosen as the termination period as it represents full-term
pregnancy. Placenta was collected and measured for PIGF expression
using immunohisthochemistry. Measurement was done with
immunoreactive score of Remmele. Statistical analysis was performed
using one-way analysis of variance (ANOVA), after the normality test
showed normal distribution. Least significant difference (LSD) post hoc
test was performed following ANOVA and showed significant results
(p<0.05). Statistical analyses were performed with SPSS version 22.0
for Mac OS (IBM Corp. Released 2013, Armonk, NY).

RESULTS

CM of hUC-MSCs were produced in the amount of 360 ml from a single
culture process, taken from the 3™ and 4 passages. For the assurance,
hUC-MSCs were checked for its confluent and harvested at above
80%. Total passage cell number of hUC-MSCs was 119,500,000 cells
and passage concentration was 41,564 cell/ml. In this study, pristane
provision has significantly caused a detrimental effect on placenta
showed by a dramatic decrease of PIGF expression in the placenta (from
9.528 in the normal group to 3.428 in the pristane group, p<0.01).
CM from hUC-MSCs that were proposed as therapy in this study, have
answered the expectation since as it showed impact on significant
increase of PIGF expression in pristane + CM group (10.085, p<0.01).
This increase is sufficient enough to equal normal level (p=0.301) as
seen in Fig. 1.

DISCUSSION

In this study, CM of hUC-MSCs had significantly increased PIGF
expression on the damaged placenta to the normal level. This effect
could potentially provide excellent placental vascular remodeling and
further prevent fetal growth restriction and preeclampsia [10].

Oxidative stress causes decreasing production of PIGF from
syncytiotrophoblast (STB) [10]. Pristane has been used widely to
induce lupus in mice models [11,12]. This model represents a chronic
inflammatory state that best suited to cause oxidative stress resulting
in placental damage and was expected to decrease placental PIGF
expression [13]. Pristane administration intraperitoneally causes
interferon (IFN)-I dysregulation by disturbing IFNAR signaling
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Fig. 1: Placental growth factor placental expression. Comparison
of the average PIGF placental expression in all groups: Normal,
pristine, and pristane + CM treatment. Data are presented as
the mean * standard deviation in each group and analyzed by
ANOVA followed by LSD post hoc tests (**is considered significant,
p<0.01)
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fashion [11,12]. It makes peritoneum cells become severely irritated
and necrotic [13]. The sudden massive production of necrotic cells
leads to massive nucleosomes production. As the natural immune
systems could not coupe promptly with the massive nucleosomes, a
lousy clearance happens and this leads to the maturation of B-cells [14].
B-cells then produces autoantibody with the specific Fc receptors
representing a specific pattern of those DNA fragments and later on
recognize self-DNA as an antigen [14].

Pristanealsoinducesthenaturalresponseoflymphoidtissueand adipose
tissue to present a cancerous formation called lipogranulomas [11,12].
Immature monocytes produce IFN-1 and being mediated exclusively
by TLR-7-MyD88 pathway [12,14]. Endogenous TLR7 ligands such as
U1RNA has been proven involve in this pathological process [12,14].
Autobody production then is concentrated in ectopic lymphoid
tissue since the uptake of immune complex through Fc receptors is
dispensable [12,14]. This ectopic lymphoid tissue becomes host for
T-cells and B-cells interaction via specific toll-like receptors (TLR)
ligand. This interaction would further develop into B-cells maturation
and produce auto-antibody correlated with broad manifestation of
autoimmune diseases such as lupus, Sjogren, rheumatoid arthritis, and
others [15]. Moreover, as the autoimmunity developed, the production
of proinflammatory agents such as interleukin (IL)-1, IL-6, IL-12, and
tumor necrosis factor-a is also increasing. As the pregnancy rolling
with its placentation, this inflammatory state produced by autoimmune
process is expected to abrogate the production of angiogenic factors
resulting on placental damage and vascular remodeling failure [10,16].
The main angiogenic factor in the placenta is PIGF. This study has given
proof that pristane administration had significantly caused low PIGF
expression.

CM of hUC-MSCs have shown its ability in modulating the immune
system in previous studies [4]. Extracellular vesicles (EVs) of CM can
react as an immunosuppressant and suppressing the release of cytokine
and other inflammatory agents [17]. EV is protein and lipids carrier that
works importantly in cellular processes [17]. This molecule can inhibit
autoreactive lymphocyte proliferation and promote anti-inflammatory
cytokines production [17]. Fas receptors, which play an essential part
in antibody formation, could be desensitized by EC [17]. Furthermore,
the balance between T helper (Th1l) and Th2 is created [18]. EVs
also influence Th17 suppression and Treg production [4,17]. By this
capability, CM of hUC-MSCs are expected to be agile in canceling the
vascular remodeling failure and promoting placental cells regeneration.

CM could function as anti-aggregator through the activation of
prosurvival signaling cascades (AKT, Erk1/2, CREB, and c-Jun) [19]. CM
are expected to trigger lipoxin, as one of the crucial molecules for good
vascular remodeling has been shown by aspirin that triggered aspirin-
triggered lipoxin A4. This is why we used normoxia instead of hypoxia
conditioned to provide a better natural composure [20]. We used the
explant method with multiple harvest technic to provide more viable
cells in a shorter culturing process [8,9]. We chose the hUC for the
source of the stem cells because it is originally unused material after
birth [8,9]. We used serum-free media to elude allergic reactions [8,9].

Some studies have shown that VEGF recombinant injection is one
of the promising therapy for preeclampsia in the future, but recently
some considerations have retracted it from the further translational
study [21]. Instead of its interaction with the VEGF receptor (VEGFr),
VEGF recombinant also binds with high affinity to fetal liver kinase
1 receptor (Flk-1) and therefore, may lead to side effects related to
excess Flk-1 signaling and causing many side effects such as edema
and organ failure [22]. Different from VEGF recombinant injection,
natural VEGF which is produced in MSCs culture and also PIGF is
shown selectively attach to VEGFr, causing beneficial effect and no side
effect [23]. In various studies, PIGF also has been proven its potency to
prevent the effects of placental ischemia by increasing uteroplacental
perfusion. PIGF is also able to reduce circulating sFlt-1 and oxidative
stress [24]. This study showed how placenta, especially STB, reacts
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after CM provision. The results have shown that CM of hUC-MSCs have
effectively sensitized STB to produce a large amount of PIGF as seen in
immunohistochemistry result of PIGF expression on STB. These results
have given evidence to support the usage of CM of hUC-MSCs as a new
therapy approach for fetal growth restriction and preeclampsia.

In comparison to stem-cells itself, CM are more suitable to be used
in pregnancy. Different from the stem cells, CM are costless, easy to
handle, and easy to store [4,5]. CM do not need the homing process and
do not stimulate immune rejection from the human body [4,25]. CM
also do not have safety issues regarding tumorigenicity, carcinogenesis,
and organogenesis [4,26].

CONCLUSION

This study has proven that CM of hUC-MSCs recover low placental
PIGF expression in damaged placenta to the normal condition and
are expected to be used as novel therapy for preventing fetal growth
restriction and preeclampsia in the near future.
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