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ABSTRACT ARTICLE HISTORY
Introduction: In the near future, stem cell research may lead to several major therapeutic inno- Received 3 January 2023
vations in medical practice. Secretome, a “by-product” of stem cell line cultures, has many Revised 26 October 2023
advantages. Its easiness of storage, usage, and fast direct effect are some of those to consider. Accepted 31 October 2023

Fetal growth restriction (FGR) remains one of the significant challenges in maternal-fetal and
neonatal medicine. Placentation failure is one of the most profound causal and is often related Human umbilical cord:
to increasing sFlt-1 in early pregnancy. This study aimed to investigate hUC-MSC secretome in mesenchymal stem ce’”;
ameliorating sFlt-1 and how to improve outcomes in preventing FGR in an animal model. secretome; sFIt-1; placenta;
Materials and methods: Pristane-induced systemic lupus erythematosus (SLE) in a mouse fetal growth

model was used to represent placentation failure and its consequences. Twenty-one mice were restriction (FGR)
randomized into three groups: (I) normal pregnancy, (Il) SLE, and (lll) SLE with secretome treat-

ment. Pristane was administered in all Groups four weeks prior mating period. Secretome was

derived from human umbilical cord mesenchymal stem cells (hUC-MSC) conditioned medium on

the 3rd and 4th passage, around day-21 until day-28 from the start of culturing process.

Mesenchymal stem cell was characterized using flow cytometry for CD105+, CD90+, and

CD73+ surface antigen markers. Immunohistochemistry anlysis by using Remmele’s

Immunoreactive Score (IRS) was used to quantify the placental sFit-1 expression in each group.

Birth weight and length were analyzed as the secondary outcome. The number of fetuses

obtained was also calculated for pregnancy loss comparison between Groups.

Results: The administration of secretome of hUC-MSC was found to lower the expression of the

placental sFlt-1 significantly in the pristane SLE animal model (10.30+1.40 vs. 4.98+2.57;

p <0.001) to a level seen in normal mouse pregnancies in Group | (3.88+0.49; p=0.159).

Secretome also had a significant effect on preventing fetal growth restriction in the pristane SLE

mouse model (birth weight: 354.29+80.76 mg vs. 550+64.03 mg; p <0.001 and birth length:

1443+ 1.27 mm vs. 19.00 £ 1.41 mm), comparable to the birth weight and length of the normal

pregnancy in Group | (540.29+7547mg and 18.14%1.34mm, p=0.808 and = 0.719).

Secretome administration also showed a potential action to prevent high number of pregnancy

loss as the number of fetuses obtained could be similar to those of mice in the normal preg-

nant Group (7.71£1.11 vs. 7.86 £ 1.06; p =0.794).

Conclusions: Administration of secretome lowers sFlt-1 expression in placenta, improves fetal

growth, and prevents pregnancy loss in a mouse SLE model.
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1. Introduction

Auto-immune disorders, in particular systemic lupus
erythematosus (SLE), are associated with a markedly
increased rate of fetal growth restriction (FGR), preg-
nancy loss and preeclampsia [1]. The adverse preg-
nancy outcome in SLE is related to placental damage
as demonstrated by the histopathological findings
[2,3]. Other pathophysiologic mechanisms contributing
to the adverse pregnancy outcome include the sys-
temic inflammatory state, endothelial vasculitis, and
thrombosis [3]. All of these could potentially cause
preeclampsia, fetal growth restriction, and fetal
loss [3].

The other manifestation of placental damage in SLE
is the increasing production of soluble Fms-like tyro-
sine kinase type 1 (sFlt-1), an anti-angiogenic factor
[4]. High expression of sFlt-1 in the placenta is a
strong predictor for adverse pregnancy outcomes,
including FGR and preeclampsia with primary anti-
phospholipid syndrome [5]. The overexpression of
sFlt-1 in the placenta is believed as the consequence
of the increased synthesis of type | interferons that
turn to suppress the production of angiogenic fac-
tors (particularly fibroblast growth factor, interleu-
kin-8 and VEGF) and trigger anti-angiogenic gene
expression, lessening endothelial cell migration and
suppressing endothelial progenitor cell proliferation
[6]. This mechanism could explain why SLE, mainly
with primary antiphospholipid syndrome, becomes a
decisive risk factor for a pregnancy developing pree-
clampsia, especially early onset of preeclampsia in
conjunction with FGR, in which placentation failure
is the main culprit [7].

We chose the SLE mouse model as the linkage rep-
resentation of SLE with placental insufficiency that
leads to FGR [8]. Various technic has been established
to represent SLE in mice model, one of which is pris-
tane-induced lupus (PIL) [9-11]. The PIL model, in par-
ticular, has proven to develop SLE with its complex
immune dysfunctions and full-blown clinical and
laboratory representations, which many have not
[12,13]. In this animal model, sFlt-1 is increasing in
both placenta and blood as one of the substantial
component of preeclampsia with placentation failure
and also related with FGR [8,14,15]. In line with this, a
previous study has shown us that human sFLt-1
exposure to a mouse model could lead to severe
changes in placental differentiation and vascularization
that induced preeclampsia with fetal growth restric-
tion started from vascular remodeling failure of main
stem villous vessel of trophoblast and spiral decidual
artery [8,14]. Another study resulted in a similar

finding, sFlt-1 over-expression in mouse model consist-
ently related to the development of preeclampsia
accompanied by FGR and even late-onset preeclamp-
sia [16]. These results provide data to verify the in vivo
pathologic effects of sFlt in primate-specific, predom-
inant placental sFlt-1 isoform [16]. They can induce
the full spectrum of symptoms in this obstetrical syn-
drome [16]. The increasing overexpression of sFlt-1
also attracts complement production and attachment
to the maternal-fetal interface and causes damage to
its junctions, resulting in placental ischemia and
remodeling failure [17]. Some of the complements
that previous studies have highlighted are C3b, c4d
c5b-9, and c1q [17]. Those could complement the dots
between SLE, Preeclampsia, FGR, and sFlt-1. Overall,
High expression sFlt-1 is among the most influential
players for these conditions, so it is one of the best
markers in study to predict adverse outcomes, picture
the severity of placental damage, and evaluate the
effectiveness of therapy or management [18,19].

To overcome these problem, we see the opportun-
ity for using a new treatment option in medical fields
instead of using drugs, which is stem cell [20,21].
Stem cell, particularly mesenchymal stem cell (MSC)
including its metabolites, has been widely and exten-
sively studied in many fields of medical science and
clinical settings [22]. Its capability is shown by prior
studies of promoting angiogenesis by triggering the
production and activation of angiogenic factors simul-
taneously with suppressing anti-angiogenic factors,
reducing inflammation by its immunomodulatory atti-
tude, and supporting cells proliferation and inhibiting
cell proliferation senescence and cell death from aging
and apoptotic process [21,23]. It can potentially reju-
venate an already injured tissue and has been studied
on heart ischemia [23,24]. We want to see this when
we apply it to the broken placenta. However, as valu-
able consideration is warranted, the worries of cell
interference on cell differentiation of organs in fetal
development are very concerning. Some prior studies
have shown some perturbed data that possible uncon-
trolled proliferation could happen, for instance, trig-
gering the cancer process [25]. It is very challenging
to get the benefit from stem cells, but it could hinder
its side effect, mainly in its administration during preg-
nancy. An inspiring idea has come recently the
thought of cell-free stem cell therapy by using only its
metabolite [26-28]. The full spectrum of stem cell
metabolites is known as secretome, which contains
wide varieties of growth hormones either as soluble
proteins or enclosed in extracellular vesicles (EVs) and



also exosomes, microvesicles, and immunomodulatory
molecules [27,28].

Research of MSC-derived secretomes has drawn
much attention due to their ability to mimic all the
therapeutic effects produced by the MSCs (ie.
endogenous tissue repair and regulation of the
immune system) [26]. The secretome of mesenchymal
stem cells could be more benéeficial than the parental
cells because their specific cargo contains mRNAs,
miRNAs, and proteins that can be biologically trans-
ferred to recipient cells without worrying about
uncontrolled negative cell attitude after cell chimerism
with the host [29]. Secretome also has other advan-
tages in storage, transfer, and production easiness,
and their administration is also less worrisome than
MSC injection [20,22,30]. In particular, the secretome
of MSC represents promising candidates for cell-free-
based preventing placental injury in the SLE process
by facilitating anti-angiogenic suppression and pro-
moting good fetal growth as the endpoint.

2. Materials and methods

Twenty-one BALB/c mice were enrolled in the study
and divided randomly into normal pregnant mouse
Group (I), SLE pregnant mouse Group (Il), and SLE preg-
nant mouse with secretome treatment Group (lll). We
used Federer's formula to calculate proper sample size
[31,32]. Pristane (2,6,10,14-tetramethylpentadecane) was
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used to trigger SLE in mice. This typical mouse model
has been widely used and is known to be associated
with poor placentation and maternal-fetal outcomes
[13]. Pristane injections were administered 0.5ml intra-
peritoneal to group Il and Ill, four weeks before mating.
Group | was a normal pregnancy group, which did not
receive any special treatment. All mice in three groups
were mated and soon as pregnancy was confirmed by
seeing copulatory plug, only Group lll received intraperi-
toneal injection of secretome 0.5ml (day-1 of preg-
nancy). Secretome was taken from conditioned media
used in the culture process of human umbilical cord
stem cells (hUC-MSC). The hUC-MSC was processed
using an explant method under normoxic conditions
using conditioned media of Dulbecco’s modified eagle
medium high glucose supplemented with 5% human
platelet lysate and L-glutamine. The hUC-MSCs were
confluent at the 3rd and 4th passage and demonstrated
character of Mesenchymal Stem Cell by positivity on
surface antigen markers which are CD90+, CD105+,
and CD73+ using flow-cytometry as can be seen in
Figure 1. Conditioned media then was taken and used
as the secretome material, which was on day-21 until
day-28 from the start of the culture process. On the
day-16 of the pregnancy, mice were terminated, pla-
centa and babies were collected and analyzed. The
study was approved by the ethical committee of
Airlangga University ~ with registry number:
3.KE.167.10.2018 and Sebelas Maret University with
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Figure 1. The characteristic profile of Mesenchymal stem cell using flow cytometry.
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Figure 2. Effect of hUC-MSC secretome normalized sFlt-1 expression in placenta of SLE pregnant mice. *Significant; **not

significant.
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Figure 3. Effect of hUC-MSC secretome prevents fetal growth restriction as seen on birth weight. *Significant; **not significant.

registry number: 7/2/X/HREC/2018 and fulfilled ARRIVE
and PREPARE criteria [33-35].

3. Results

In this study, pristane administration caused poor pla-
centation markedly with significant over-expression of
sFlt-1 and fetal growth restriction (SLE group). The
type of fetal growth restriction was symmetrical,
reflecting poor placentation since the early pregnancy.
Birth weight was 75% lower and birth length was 30%
shorter in SLE group compared to the normal preg-
nancy (354.29+80.76mg and 14.43%1.27mm vs.
540.29+7547mg and 18.14+1.34mm; p<0.001).
These data can be seen in Figures 2 and 3. An add-
itional interesting data was the pregnancy loss reduc-
tion, which can be seen on Figure 4. SLE condition
has significantly causing higher rate of pregnancy loss

as has been shown by significantly lower number of
fetuses obtained in the day of termination, compared
to those in normal pregnant group (4.00+0.81 vs.
7.86+1.06; p<0.001). The data also showed that by
giving secretome the number of fetuses obtained
could be similar to those of normal pregnant group
(771+£1.11 vs. 7.86+1.06; p=0.794). Soluble Flt-1
expression found on cytotrophoblast layer and peri-
vascular area increased significantly to levels about 2.6
times higher in the SLE group compared to normal
pregnancy (10.30+£1.40 vs. 3.88+0.49; p<0.001) as
seen on Figure 5. The quantification was done by
using immunoreactive score (IRS) scoring system as
seen in Table 1 and the microscope reading could be
seen in Figure 6 [37]. Secretome injection resulted in
significant amelioration of the placental sFlt-1 over-
expression (4.98 +2.57; p <0.001) and becoming equal
to the normal pregnancy (p=0.159). It has also
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Figure 4. Effect of hUC-MSC secretome prevented pregnancy loss as seen on number of fetuses obtained. *Significant; **not

significant.
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Figure 5. Effect of hUC-MSC secretome prevents fetal growth restriction as seen on birth length. *Significant; **not significant.
The image was obtained using a digital light microscope: Nikon Eclipse Ci with Nikon DSR21 16 Megapixels in 800x magnifica-
tion. Positive staining of immunohistochemistry reaction on the sFlt-1 expression of trophoblasts cell can be seen as a brown-gold
color indicated with orange arrows. Higher expression of sFit-1 resulted in more intense coloration.

showed major significant effect on providing optimal
fetal growth even after placenta was damaged by
using pristane (550%64.03mg and 19.00+1.41 mm;
p<0.001) and made it comparable to the normal
pregnant group on birth weight (p=0.808) and birth
length (p=0.719) this also can be seen on Figure 5.

4. Discussion

Secretome of hUC-MSCs in this study has showed a
positive effect on normalizing sFlt-1 and preventing
fetal growth restriction as seen in the results. Its easi-
ness to get and to administer, and the fact that it

was previously under-valued as bio-waste of hUC-
MSCs culture process make it more attractive as a
potential near future novel therapy modality [38]. We
used a model of damaged placenta by using pristane
to trigger an immunological process, closely mimick-
ing the natural pathological process of a placentation
failure [12]. Pristane is a chemical substance that con-
tains high levels of isoprenoid alkane causing intra-
peritoneal flood of monoclonal antibodies such as
antinuclear antibody (ANA) and anti-double-stranded
DNA (anti-dsDNA) [39,40]. Those biomarkers are spe-
cific for SLE, and related to over-production of anti-
angiogenic factors [39]. Many studies have indicated
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Table 1. Immunoreactive score of remmele and stegner (IRS) [36].

Percentage of positive cells (P)

Intensity of staining (1)

IRS=P x 1(0-12)

0= No positive cells

1 = <10% Of positive cells
2=10-50% Of positive cells
3=50-80% Of positive cells
4 = >80% Of positive cells

0 =No color reaction
1=Mild reaction

2 =Moderate reaction
3 =Intense reaction

0 - 1 =negative

2 - 3=mild

4 - 8 =moderate

9 — 12 =strongly positive

Figure 6. Microscope reading on immunohistochemistry staining of sFlt-1 expression in placenta of the three Groups. (A) Normal
pregnancy, (B) SLE without secretome treatment, (C) SLE with secretome treatment. Group B shows significant IHC coloring, repre-
senting high expression of sFlt-1. IHC coloring between group A and C shows comparable strength of sFlt-1 expression.

that the overproduction of anti-angiogenic factors in
animal model or even human, can cause both pree-
clampsia and fetal growth restriction, mainly for the
early onset [4]. This has been also demonstrated in
the current study.

Vascular endothelial growth factor (VEGF) and
Placental Growth Factor (PLGF) is diminished in the
pregnancy with SLE. This decrease in VEGF and PLGF
from early pregnancy could adversely affect the vascu-
lar remodeling, with spiral arteries retaining their small
diameter and thick vessel wall [41,42]. Meanwhile, the
chronic inflammatory state produced in SLE, exacer-
bates the effects of the hypoxemia affecting the
trophoblast leading to oxidative-stress and as such
overproduction of sFlt-1 [43,44]. Soluble Flt-1 will
adhere to the receptor binding domain of placental
growth factor (PLGF) and also vascular endothelial
growth factor (VEGF) receptors [45]. This blockade
would antagonize the angiogenesis signaling pathway,
and leads to endothelial dysfunction, hypertension,
and proteinuria, characteristic of early onset pree-
clampsia; which will simultaneously associated with
the development of fetal growth restriction [46-48].
The vascular endothelial growth factor is responsible
for trophoblast invasion to the uterine vessels and
transforms spiral artery into wide flaccid channel to
promote low resistance blood flow to the placenta
and provides adequate perfusion [43,44]. Insult to this
process, will cause low to moderate chronic hypoxic
state and result in later trophoblast stress, poor pla-
centation, and fetal growth restriction. Meanwhile, in

cases with severe response will cause abortion or
pregnancy loss [44,48].

Secretome originates from conditioned media con-
tains a high level of VEGF and other important factors
supporting angiogenesis [49]. Angiogenesis plays a
crucial part in placental development [43,44]. Any
insults causing disturbance of the placentation process
may need therapy that enhances the angiogenesis
process and for that reason hUC-MSC secretome is
attractively suitable for the therapy [50]. Secretome
also has other positive capabilities, such as immuno-
modulation, anti-inflammation, and also has a clear
anti-apoptotic effect [49,51]. Our data clearly demon-
strate that administration of secretome basically nor-
malizes the sFlt-1 expression in placenta. On the other
hand, there are some limitations in this study in which
proteomics markers related to de clinical development
of the disease, such as interleukins and complements,
were not examined. We also did not measure the
mice blood pressure, so the development of pree-
clampsia was not noticeable. This should be covered
in further research.

Secretome may also directly “rescue” the placenta-
tion process and maternal endothelium by its rich
amount of other growth factors, for instance hepato-
cyte growth factor [43]. Secretome may not only reduce
trophoblast stress (and as such reduce sFlt-1, inflamma-
tory cytokines, etc.) but may also result in improved
vascular remodeling. A normal placentation process
would guarantee good oxygenation and good nutrition
supply to the fetus [41,43-45]. This mechanism may



explain the beneficial effects on fetal growth observed
after secretome administration. Unfortunately, our ani-
mal model was not fully representing the failure of the
vascular remodeling process. It needs further research
with another animal model that directly suits the vascu-
lar remodeling failure with more sample size.

The exciting finding of significant pregnancy loss in
the SLE mouse group could explain that, somehow,
the pristane-induced mouse model also developed
antiphospholipid syndrome. This should be investi-
gated further in the following research. However, at
least we can see that secretome has also given a pre-
ventive action on reducing pregnancy loss by giving a
similar number of fetuses obtained in the SLE mouse
group with secretome provision. This could be com-
parable to what we see in LMWH and LDA treatment
for preventing pregnancy loss in SLE with antiphos-
pholipid syndrome [52].

Compared to stem cells, secretome has many advan-
tages [49,53,54]. It is far cheaper, more stable, and eas-
ier to handle and store [38,55]. These advantages make
hUC-MSC secretome able to be developed in mass pro-
duction with easiness in distribution chain and with a
price reasonably reachable by most patients. Unlike
stem cells, secretome is cell-free, make it considerably
safer, with fewer concerns about tumorigenicity, car-
cinogenesis, possible effects on organogenesis [55,56].

5. Conclusions

Administration of secretome lowers sFlt-1 expression
in the placenta, improves fetal growth, and prevents
pregnancy loss in a mouse SLE model. These promis-
ing findings represent the potential advantage of
using secretome for preventing placental damage
mainly due to SLE pathology and even more profound
with antiphospholipid syndrome. Extensive studies are
needed before this novel future management for FGR-
related placental damage can be used in clinics.

6. Limitations

This study, unfortunately, did not measure quantita-
tively serum levels of sFlt-1 and PIGF, as we know from
the recent studies that show the importance of the
sFIt-1/PIGF ratio of maternal serum levels to predict
and manage FGR [57]. Low PIGF in maternal serum
level has also been found to correlate more with FGR
rather than sFlt-1, and sFlt-1 is a better predictor for
preeclampsia than PIGF [58]. This is a very substantial
finding for the future direction of our following studies.
Addressing the potential harmful interference of

THE JOURNAL OF MATERNAL-FETAL & NEONATAL MEDICINE . 7

secretome during embryo and fetal development is
another critical point that should be elaborated in the
upcoming study, even though theoretically, secretome
is cell-free and thoughtfully is better in safety concerns
than administering cells in such stem cell therapy [59].
Clinical implication for the future therapy of FGR with
secretome is emerging since many new treatment
modalities have been extensively studied [60]. However,
no firm, robust evidence has been discovered until
now. Only a combination of LMWH and LDA for preg-
nancy complicated with SLE and antiphospholipid syn-
drome or thrombophilia and LDA for high-risk
preeclampsia can prevent FGR well [52]. Timely delivery
remains the only best clinical option for FGR in general
[36]. FGR in the SLE mouse model is not entirely the
same condition as in human FGR without SLE. The
results from this study could only be thoughtful new
evidence for FGR-related placental infarct due to SLE.
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