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ABSTRACT: We evaluated the potential therapeutic use of exoge-
nous human bone marrow-derived mesenchymal stem cells (hBM-
MSCs) in an experimental rat model of necrotizing enterocolitis
(NEC). Thirty-six newborn Sprague-Dawley rats were randomly
divided into three groups: NEC, NEC + hBM-MSC, and a control
(control and control + hBM-MSC). NEC was induced by enteral
formula feeding, exposure to hypoxia—hyperoxia, and cold stress.
After NEC was induced, iron-labeled hBM-MSCs were administered
by intraperitoneal injection. All pups were killed on the fourth day
following injection, and the terminal ileum was excised for a histo-
pathological and immunohistochemical evaluation. The pups in the
NEC + hBM-MSC group showed significant weight gains and
improvements in their clinical sickness scores (p < 0.01). Bowel
damage severity observed in the histopathological evaluation was
significantly lower in the NEC + hBM-MSC group than that in the
NEC group (p = 0.012). The number of MSCs homing to the bowel
was significantly higher in the NEC + hBM-MSC group than that
in the control + hBM-MSC group. In conclusion, this is the first
study that has evaluated the effectiveness of hBM-MSCs in a
neonatal rat NEC model. MSCs reduced histopathological damage
significantly. (Pediatr Res 70: 489-494, 2011)

Necrotizing enterocolitis (NEC) is the most common gas-
trointestinal emergency and a leading cause of mortality
and morbidity in newborn infants. The etiology and patho-
physiology of NEC remains unclear. Although prematurity is
the most consistent risk factor, hypoxic—ischemic injury, for-
mula feeding, abnormal bacterial colonization, antenatal and
postnatal risk components, and genetic aspects comprise other
potential risk factors (1-3). Medical management of severe
cases is often inadequate, and surgical intervention may be
warranted. Thus, ~20-40% of neonates eventually require a
surgical procedure (1,4,5). In addition, morbid sequelae
among survivors include impaired growth, short bowel syn-
drome, prolonged neonatal hospitalization, and poor long-
term neurodevelopment (1-5). Therefore, the introduction of
new strategies for the prevention and/or therapy for this
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devastating disease is essential to increase the survival rate
and to reduce significant complications.

Mesenchymal stem cells (MSCs) are multipotent cells ca-
pable of differentiating into multiple cell types. In addition,
MSC:s secrete a wide variety of cytokines and chemokines that
have beneficial paracrine actions during tissue repair (6—11).
Because of these unique properties, MSCs could be a future
option for treating various diseases. Studies on the potential
use of stem cells in pediatric diseases have recently aroused
interest among clinicians (12—15), although stem cell therapy
has not yet been studied as a treatment modality for neonatal
intestinal disorders such as NEC. In this study, the therapeutic
potential of exogenous human bone marrow-derived (hBM)-
MSC therapy was evaluated in an experimental neonatal rat
model of NEC.

MATERIALS AND METHODS

Animal model. Fatih University Institutional Review Board (Ankara,
Turkey) approved the animal experiments. Four time-mated Sprague—Dawley
pregnant rats delivered spontaneously, and 36 newborn pups were allocated
equally into three groups: NEC (subjected to NEC procedure), NEC + MSCs
(subjected to NEC procedure and treated with MSCs), and control + MSCs
(breast fed with their mother’s milk and treated with MSCs). To avoid the
preventive effect of breast milk in the study groups, newborn pups were
immediately separated from their mothers and kept at 37°C in a humidified
incubator. Rat pups were hand fed with 0.2 mL of special rodent formula
(15 g Similac 60/40; Ross Pediatrics, Columbus, OH) prepared with 75 mL of
canine-puppy milk (Beaphar-Bogena, BV Sedel, The Netherlands). Feeding
was started at 0.2 mL every 3 h and was advanced slowly by 0.1 mL
increments daily, as tolerated. Rat pups were subjected to 100% CO, inha-
lation for 10 min, +4°C cold exposure for 5 min, and 97% O, for 5 min twice
daily for 3 d to induce NEC (16). The pups were weighed daily to the nearest
0.01 g. The behavior of pups was compared by a blinded observer using a
modified neonatal rat clinical sickness score that included appearance, re-
sponse to touch, natural activity, and color each day (17). The number of
deaths, approximate time, and cause of death (NEC or iatrogenic cause during
NEC procedure) was recorded daily.

Isolation and culture of hBM-MSCs. Hacettepe University Institutional
Review Board (Ankara, Turkey) approved isolation, characterization of hu-
man MSCs from healthy BM transplant donors, and labeling for use in in vivo
models. hBM-MSCs were isolated and grown in culture at the PEDI-STEM
Stem Cell laboratory of Hacettepe University using frozen marrow samples
obtained from a healthy, 12-y-old bone marrow transplant donor. An in-
formed consent was obtained from the parents before the application. Two

Abbreviations: BM, bone marrow; hBM-MSC, human bone marrow-mes-
enchymal stem cell; IQR, median interquartile range; MSC, mesenchymal
stem cell; NEC, necrotizing enterocolitis
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Figure 1. (A) Mesenchymal stem cells (MSCs) in culture. Cells revealed an
adherent fibroblastic morphology in culture. A representative photomicro-
graph of BM-MSCs from a healthy control. (B) Differentiation of MSCs into
the adipogenic lineage, stained with Oil Red O. (C) Differentiation of MSCs
into the osteogenic lineage, stained with Alizarin Red S. Phase-contrast
micrographs in A-C, X500.

milliliters of marrow sample was used. After dilution in an equal volume of
PBS, mononuclear cells were isolated by density centrifugation using Ficoll
Hypaque (1077 g/L; Biochrom, Berlin, Germany). Cells were cultured in
complete medium (CM) consisting of low-glucose-DMEM; Invitrogen, Carls-
bad, CA), 10% fetal bovine serum (FBS; Invitrogen), and 1% penicillin/
streptomycin (Biochrom; Fig. 1A). After 24 h, nonadherent cells were dis-
carded, and the CM was changed every 3—4 d, and then incubated at 37°C in
5% CO,. Analyses were performed with P3 cells. hBM-MSCs were confirmed
to be negative for hematopoietic markers by flow cytometry and capable of
differentiating into osteocytes and adipocytes in vitro (18).

Labeling of hBM-MSCs with iron oxide particles. hBM-MSCs were
allowed to grow until 80-90% confluence, and the medium was exchanged.
Cells were magnetically labeled with ferrum oxide (Endorem; Guerbet,
Villepinte, France) and complexed to poly-L-lysine (Sigma Chemical Co.-
Aldrich, St. Louis, MO), as previously described. The cells were incubated
with a labeling medium containing 50 wg/mL iron and 0.375 wg/mL poly-L-
lysine for 48 h at 37°C in a 5% CO, atmosphere. After labeling, viability was
tested with trypan blue staining. Cell numbers were determined using a
hemocytometer (19).

Differentiation assays. Adipogenic and osteogenic differentiation tests
were performed to confirm that the cells used in the experiments were
MSC/stromal cells, as suggested by Dominici et al., (20) and that they
represented ISCT recommendations.

Adipogenic differentiation. Control and labeled (50 pg/mL iron and
0.375 g/mL poly-L-lysine for 48 h) MSCs were grown to confluency (90—
100%) on six-well plates, then, exposed to adipogenic medium consisting of
LG-DMEM supplemented with 10% FBS, 1 uM dexamethasone, 60 uM
indomethacin, 500 uM isobutylmethylxanthine, and 5 ug/mL insulin (Sigma
Chemical Co.-Aldrich) for 21 d and stained with Oil Red O (Sigma Chemical
Co.-Aldrich; Fig. 1B) (18).

Osteogenic differentiation. Control and labeled (50 wg/mL iron and 0.375
g/mL poly-L-lysine for 48 h) MSCs were cultured for 5-7 d to 50-60%
confluency and exposed to osteogenic induction medium consisting of LG-
DMEM supplemented with 10% FBS, 100 nM dexamethasone, 10 mM
B-glycerophosphate, and 0.2 mM ascorbic acid (Sigma Chemical Co.-Aldrich)
for 21 d and stained with Alizarin Red S (Sigma Chemical Co.-Aldrich).
Extracellular matrix calcification was evident based on the appearance of
calcium deposits in the culture (Fig. 1C) (18). All images were captured with
a CKX41 microscope (Olympus, Tokyo, Japan).

Immunophenotype of control MSCs and labeled MSCs. Culture-
expanded control and labeled (50 wg/mL iron and 0.375 g/mL poly-L-lysine
for 48 h) MSCs were immunophenotypically characterized by flow cytometry
(Becton Dickinson FACS Aria; BD Biosciences, Sparks, MD). Detached cells
were washed in PBS. Optimal concentrations of directly conjugated MAb
were added to a total volume of 100 uL and incubated for 20 min at room
temperature. The antibody panel included CD29-FITC, CD44-PE, CD105-
PE, CD166-PE, CD73-PE, CD49e-PE, CD90-PE, HLA-ABC-PE (BD Bio-
sciences) as mesenchymal markers, and HLA-DR-FITC (Chemicon, Te-
mecula, CA); CD45-FITC, CD3-FITC, and CD34-FITC (BD Biosciences) as
hematopoietic markers, which were used to exclude cells of hematopoietic
origin (18).

MSC transplantation procedure. After inducing NEC, hBM-MSC trans-
plantation was performed by injecting 6 X 10° labeled cells in 50 wL PBS into
the peritoneal cavity of each rat in the NEC + hBM-MSC group (n = 12) and
in control animals (non-NEC + hBM-MSC; n = 6) on the third day of the
study. Animals for the control and study groups were randomly selected.
After the transplantation procedure, pups were followed daily to document
weights and to assess the NEC neonatal rat clinical sickness score (17).

Histopathological evaluation. All pups were killed on the fourth day of
transplantation under deep anesthesia with ketamine (100 mg/kg intraperito-
neally). The abdominal cavity was opened, and the terminal ileum was

Figure 2. Histological changes in the ileum of rat pups with NEC, showing
representative sections of each grading score (hematoxylin and eosin staining;
original magnification, X400). (A) grade 0, normal; (B) grade 1, focal mild
injury confined to villous tips; (C) grade 2, partial or total loss of villi; (D)
grade 3, necrosis extending to the submucosa; and (E) grade 4, transmural
Necrosis.
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Figure 3. Photographs of homing hBM-MSCs with Van Gieson picrofuch-
sin staining; original magnification, X400. Ferric reactive iron in hBM-MSCs
is visualized as blue. (A) Normal intestinal tissue; (B) intestinal tissue with
NEC; (C) control + hBM-MSCs showing a low level of hBM-MSCs homing;
and (D) NEC + hBM-MSCs demonstrating prominent ferric reactive iron
staining (blue) in the lamina propria and intestinal villi.

excised and fixed in 10% neutral-buffered formalin. Tissues were paraffin
embedded, and paraffin blocks were sliced into 4—5-um portions and stained
with hematoxylin and eosin. Histological findings were graded by two
pathologists in a blinded fashion as follows: grade 0, normal; grade 1, focal
mild injury confined to villous tips; grade 2, partial or total loss of villi; grade 3,
necrosis extending to the submucosa; grade 4, transmural necrosis (Fig. 2) (21).

Detection of iron-labeled hBM-MSCs in the tissues. Iron-labeled hBM-
MSCs were counterstained with the Van Gieson picrofuchsin stain package
(Bio-Optica, Milan, Italy) to distinguish injected human cells from host
intestinal cells. After all procedures were completed, the stained sections were
examined under a light microscope. Ferric reactive iron in the MSCs was
visualized as blue (Fig. 3).

Immunohistochemical examination of hBM-MSCs in tissues. Sections of 5
wum thickness were processed with polylysin microscope slides. For the
immunohistochemical examination, endogenous peroxidase activity was
blocked in 3% hydrogen peroxide (cat #TA-125-HP, lot #AHP40114; Lab-
Vision, Fremont, CA). Epitopes were stabilized with a serum blocking
solution (cat #85-9043, lot #724944A; Invitrogen, Carlsbad, CA). Sections
were incubated with B-2-microglobulin [MADb (2213), sc-80668] diluted in
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Figure 4. Photographs of hBM-MSCs homing to intestines in the immuno-
histochemical (B-2-microglobulin MAb) examination; Panel 1 (A and B)
normal intestinal tissue, Panel 2 (A and B): control + hBM-MSCs indicated
that B-2 microglobulin immunoreactivity was identified weakly in the epithe-
lium of villi at the membranous level and in intestinal glands. Panel 3 (A and
B): intestinal tissue with necrotizing enterocolitis (NEC). Panel 4 (A and B):
intestinal wall indicated better histological outcomes in the NEC + hBM-
MSC group than in the NEC group. Strong B-2-microglobulin immunoreac-
tivity was observed in the apical cytoplasm of epithelial cells, the lamina
propria, and the muscularis compared with that in the control group (immu-
noperoxidase and hematoxylin, original magnification A, X 100; B, X400). E,
epithelial cells; V, villi; (§), intestinal glands; Lp, lamina propria; Tm,
muscularis layer; Lc, lacteals.

PBS (cat #00-3000; Zymed Laboratories, Inc., San Francisco, CA) overnight
at 4°C. B-2 microglobulin was used to detect cells of human origin. Biotin-
ylated secondary antibody (cat #85-9043, lot #724944A; Invitrogen) and
horseradish peroxidase (cat #85-9043, lot #724944A; Invitrogen) were ap-
plied to the slides. DAB (3,3'-diaminobenzidine; cat #00-2020, lot
#720221A; Invitrogen) was used as the chromogen. The slides were then
counterstained with Mayer’s hematoxylin and examined under a DM 4000
photolight microscope (Leica, Wetzlar, Germany). 3-2-microglobulin posi-
tive hBM-MSCs were surrounded by brown-stained cell membranes (Fig. 4).

Statistical analysis. The SPSS statistical package (v15.0; SPSS, Inc.,
Chicago, IL) was used for the statistical analysis. The distribution of the
values was examined graphically with the Shapiro—Wilk test. The median
interquartile range (IQR) and the mean = SD were used to display descriptive
statistics. An analysis of variance with Bonferroni adjustment was used to
analyze the independent data with a normal distribution and for intergroup
analyses of parametric variables, whereas the Mann—Whitney U test was used
to compare data that were not normally distributed and for intergroup
comparisons of nonparametric independent variables. Friedman’s test and
Wilcoxon’s test with Bonferroni adjustment were applied for intergroup
comparisons of nonparametric dependent variables. A p < 0.05 was consid-
ered statistically significant. A power analysis was conducted; if 0.60 of the
effect size and an alpha of 0.05 were used to obtain 80% power, eight animals
were adequate for each group. Four animals were added to each group to
compensate for unpredictable losses.

RESULTS

Characterization of hBM-MSCs. In vitro culture-expanded
hBM-MSCs showed plastic adherent and fibroblastic mor-
phology. The cells differentiated into adipogenic and osteo-
blastic lineages under defined culture conditions (Fig. 1). The
immunophenotyping analysis of the MSCs revealed a positive
response for CD105, CD29, CD44, CD73, CD166, HLA-
ABC, CD49e, and CD90 surface antigens but negative stain-
ing for hematopoietic markers, including CD45, CD34, and

CD3. These characteristics confirmed the stromal nature of the
cells by immunophenotype and multipotentiality.

Animal study. Five pups died in the NEC group and one
died in the NEC + hBM-MSC group, but no significant
differences were found for survival between two groups (p =
0.155). Thirty pups were alive at the end of the study. On the
third day of the study, weight loss in the NEC and the NEC +
hBM-MSC groups was more remarkable than that in the
control group (p < 0.001) (Table 1). After hBM-MSCs trans-
plantation, the pups in the NEC + hBM-MSC group started to
gain weight. Thus, at the end of the study, the mean body
weight of the pups in the NEC + hBM-MSC group was higher
than that in the NEC group (p < 0.001; Table 1, Fig. 5).

Rat behavior, assessed with the clinical sickness score (0 =
best, 12 = worst) (17), demonstrated no significant difference
among the groups including the NEC [6.0 (2.0)] and NEC +
hBM-MSC [5.5 (2.3)] on the third day (p = 0.72). However,
after the hBM-MSCs transplantation, the pups in the NEC +
hBM-MSC group started to improve in terms of clinical
sickness score until the end of the study [7.0 (2.8) versus 3.0
(1.0); p < 0.001; Table 1, Fig. 6].

The severity of bowel damage was determined as grades
0—4 (Fig. 2). No histological changes were observed in the
control group. However, pups in the NEC + hBM-MSCs
group had less bowel damage compared with that in the NEC
group (p = 0.012; Table 1). MSC homing was shown by the
detection of iron-labeled hBM-MSCs (Fig. 3) and an immu-
nohistochemical examination of human cells in the intestinal
tissues (Fig. 4). The iron-labeled hBM-MSCs count was
42.5 = 6.4 per 50 high power fields in the control + hBM-
MSCs group and 2544.3 *= 635.7 per 50 high power fields
(Nikon, X40 objective, 0.152 mm?) in the NEC + hBM-MSC
group (p < 0.005). MSC homing was significantly lower in
the control + hBM-MSC group than in the NEC + hBM-
MSC group.

DISCUSSION

We investigated the potential therapeutic use of hBM-
MSCs in a rat model of NEC. Our data indicated that hBM-
MSCs homed to injured sites in the bowel and reduced
pathological damage. Thus, hBM-MSCs had beneficial effects
on the clinical sickness score and the body weight of rat pups
when compared with those not exposed to MSCs. This is the
first report indicating that human MSCs improved pathologi-
cal changes in the small intestine of a neonatal NEC rat model.

NEC is a complex multifactorial disease, and many factors
contribute to its pathogenesis. Hypoxic—ischemic injury to the
gastrointestinal tract is believed to be a major contributing and
potentially inciting factor in NEC (1-4). A recent study
indicated that local transplantation of MSCs was effective for
reducing pathological damage and preserving intestinal me-
chanical barrier function after an ischemia—reperfusion injury
(22). Crisostomo et al. (23) demonstrated that human MSCs
produce vascular endothelial growth factor (VEGF), fibroblast
growth factor (FGF), IGF-1, and IL-6 (IL-6) after noxious
stimulation. Weil et al. (24) also reported that MSCs might
increase the viability and proliferative capacity of fetal intes-
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Table 1. Comparison of study groups in terms of weight gain, clinical score, histopathological evaluation, and mortality

Median (IQR)

Control, NEC, NEC + MSCs,
Variables (n = 12)/% (n = 12)/% (n = 12)/% P
Birth weight 4.75(0.7) 4.7 (0.7) 4.8 (0.3) 0.79
Weight on the third day 6.55 (0.40) 4.9 (0.7) 4.90 (0.5) <0.001*
Weight at the end of the study 11.5(0.9) 5.1(0.4) 8.65 (0.6) <0.0017
Clinical sickness score on the third day 0 6(2.0) 5.5(2.3) 0.72
Clinical sickness score on the fifth day 0 7.0 (2.0) 5.0 (2.0) <0.001%
0.002§
Clinical sickness score at the end of the study 0 7.0 (2.8) 3.0 (1.0) <0.001F
Intestinal injury scoring 0 3.0 (0.5) 2.0 (0.0) <0.001%
0.012§
Death 0 5/41.6% 1/8% 0.155]|

* Significant differences between control and the both groups but no significant differences between NEC and NEC + MSCs groups.

+ Significant differences among all groups.

+ Significant differences between control and both NEC and NEC + BM-MSCs groups.

§ Significant differences between NEC and NEC + MSCs groups.
| No significant differences between NEC and NEC + MSCs groups.
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Figure 5. Daily changes in mean body weights in each group. l, Control; [,
NEC; [, NEC + MSCs.

tinal epithelial cells after hypoxic injury, such as that occur-
ring with NEC, by releasing paracrine mediators such as
VEGF, hepatocyte growth factor (HGF), and IL-6 from
MSCs. Several different cytokines, including IL-6, HGF, FGF,
and VEGF, play key roles in gut mucosal barrier function and
gastrointestinal healing. Therefore, increased concentrations
of these factors may promote healing and gut reconstitution by
increasing the angiogenic potential, lowering apoptosis during
acute inflammation and ischemia, and enhancing stem cell
survival during transplantation via a paracrine mechanism
(25-30). In premature infants, the immature intestine has
multiple potential developmental defects that increase suscep-
tibility to intestinal epithelial injury and apoptosis (1-3). A
recent study reported that MSCs reduce apoptosis in fetal
intestinal epithelial cells by down-regulating proapoptotic sig-
naling after hypoxic injury (24). Furthermore, hBM-MSCs
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Figure 6. Rat behavior assessed using the clinical sickness score. [l, Con-
trol; O, NEC; [M, NEC + MSCs.

inhibit inflammatory and immune responses (31,32). The im-
mature intestine is thought to respond to injury with excess
inflammation, which is likely the final common pathway in the
pathogenesis of NEC (1-3). One may speculate that the
anti-inflammatory effect of hBM-MSCs might have played a
role in the favorable response achieved in the present study
(31-33). The attenuation of the histopathological damage and
protection of the intestine from severe damage was attribut-
able to the regenerative effects of the MSCs.

Another important contributing factor to NEC is abnormal
bacterial colonization that predisposes the intestine to injury
and bacterial translocation. However, MSC administration
reduces bacterial translocation (22). Thus, MSCs may lessen
the harmful effects of bacteria during the course of NEC. In
NEC, the gastrointestinal system shows edema, epithelial cell
necrosis, disruption of mucosal integrity, bacterial transloca-
tion, a systemic inflammatory response (SIR), multiple organ
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dysfunction (MOD), and eventually, death (1-5). However,
MSC administration significantly attenuates histological dam-
age, villous injuries, and accelerates the recovery of intestinal
barrier function (22). Therefore, decreased intestinal damage
and recovery of intestinal tissues may increase the intestinal
absorptive surface. Moreover, reduced inflammation and bac-
terial translocation may reduce the risk of SIR and MOD. In
the present study, the beneficial effects of hBM-MCs therapy
were demonstrated by improvements in the rat clinical sick-
ness score and body weight after hBM-MSCs transplantation.

MSCs have the ability to migrate and home to tissues and
organs. Some experimental studies evaluating the biodistribu-
tion and potential therapeutic effect of human MSCs have
indicated that MSCs can home to a wide variety of tissues
with a high engraftment level, particularly in the presence of
injury or inflammation; the mechanism by which MSCs home
to tissues and migrate across the endothelium, however, is not
yet fully understood (34-36). The possibility exists that in-
jured tissues express specific receptors or ligands to facilitate
trafficking, adhesion, and infiltration of MSCs to the site of
injury (36). Inflammation is an important contributing factor
in the pathogenesis of NEC. The immature intestine responds
to injury by activating molecular pathways that increase the
release of inflammatory mediators, tissue chemokines, and
chemokine receptors, which may attract stem cells to damaged
tissues, where they may home and differentiate in NEC (1-3).
In the present study, hBM-MSCs were transplanted to pups in
the control group to evaluate homing of hBM-MSCs in normal
tissue. MSC homing was observed much less in the control +
hBM-MSC group than in the NEC + hBM-MSC group. Our
data might support the opinion that MSCs home to injured
intestinal tissues with high engraftment levels during the
course of NEC. Another important feature of MSCs is their
multipotentiality, with the capacity to differentiate into multi-
ple cell types, including intestinal epithelia, endothelia, and
connective tissue cells, as these tissues are lost in the intestine
in NEC (8,9,37). Therefore, MSCs may contribute to repair by
supporting the regeneration of damaged cells or by substitut-
ing for injured cells.

Our results indicated high hBM-MSC engraftment levels in
the injured intestine, which resulted in an improvement in the
intestinal damage after intraperitoneal administration. MSCs
may have played a role in inducing re-epithelization of
blunted villi and prevented fibrosis possibly by providing
secretory support. Moreover, MSCs home to injury sites and
play a significant role hastening organ/tissue repair by provid-
ing growth factors, angiogenic support, and avoiding excess
inflammation and fibrosis rather than trans-differentiating into
cells not of connective tissue origin (33). Human MSCs were
used based on literature data confirming their immunosuppres-
sive nature and escape from immune rejection, even in xeno-
genic models (38). Previous experimental studies have shown
that hB-MSCs can survive and be engrafted in an immuno-
competent environment (38—40). Considering the neonatal
status and thus the immunologically naive and highly regen-
erative state of the recipient animals in our study, human
MSCs could escape from immunological rejection, home to
injured sites, and contribute to intestinal repair. Another rea-

son that human cells were used was to demonstrate the repair
potential of human cells, which may be the candidate cell type
for further clinical application.

In this study, carrier control experiments were not per-
formed because carrier was not expected to have an effect on
improving NEC. The primary focus of this study was to
determine the homing and repair potential of hBM-MSCs to
injured intestine and to identify a potential treatment to human
subjects whether hBM-MSCs infiltrate primarily injured in-
testines with intraperitoneal applications of hBM-MSCs. After
this preliminary study, histologic examination of other major
organs (brain, kidney, heart, lungs, liver, and spleen) would
inform us about the risk for potential side effects of this
treatment for the future.

In conclusion, the results suggest that MSCs might repre-
sent a novel treatment modality for the repair and regeneration
of injured intestinal tissues in NEC because of their beneficial
effects on reducing inflammation and enhancing tissue regen-
eration. However, further studies are warranted to understand
the mechanism of MSC action in NEC and to present them as
a new treatment option for NEC.
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