
HB-EGF Augments the Ability of Mesenchymal Stem Cells to
Attenuate Intestinal Injury

Daniel J. Watkins, M.D., Yu Zhou, M.D., Ph.D., Mika A.B. Matthews, M.D., Li Chen, Ph.D.,
and Gail E. Besner, M.D.
The Research Institute at Nationwide Children’s Hospital, Center for Perinatal Research
Department of Pediatric Surgery, Nationwide Children’s Hospital, and The Ohio State University
College of Medicine Columbus, Ohio

Abstract

Background—We have previously demonstrated that heparin-binding EGF-like growth factor

(HB-EGF) and mesenchymal stem cell (MSC) administration protect the intestines from ischemia/

reperfusion (I/R) injury in vivo, with amniotic fluid-derived MSC (AF-MSC) being more

efficacious than bone marrow-derived MSC (BM-MSC). The goal of the current study was to

determine whether the protective effects of HB-EGF were from direct effects on MSC or via

alternative mechanisms.

Methods—Murine MSC were transfected with an HB-EGF plasmid or control plasmid by

electroporation. Mice were subjected to segmental intestinal I/R injury and received either BM-

MSC or AF-MSC either with or without exogenous HB-EGF, or BM-MSC or AF-MSC that

endogenously over-expressed HB-EGF. MSC engraftment, intestinal histologic injury, and

intestinal permeability were quantified.

Results—There was increased MSC engraftment into injured compared to uninjured intestine.

HB-EGF increased AF-MSC engraftment into injured intestine. Administration of HB-EGF and

MSC improved intestinal histology and intestinal permeability after I/R injury, with AF-MSC

being most efficacious. The effect of HB-EGF on MSC was similar when the growth factor was

administered exogenously, or when it was overexpressed endogenously.

Conclusions—The effect of HB-EGF on AF-MSC was similar with both exogenous

administration or endogenous overexpression of the growth factor, implying that HB-EGF has a

direct effect on AF-MSC. This information may assist in guiding potential future AF-MSC-based

therapies for patients at risk of intestinal ischemic injuries.
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INTRODUCTION

Mesenchymal stem cells (MSC) are non-hematopoietic, pluripotent, self-renewing

progenitor cells with a characteristic spindle-shaped morphology that contribute to the

maintenance and regeneration of various connective tissues [1]. They are mobilized from

bone marrow in response to tissue injury and aid in repair after a variety of end-organ

injury-models including models of myocardial infarction [2], spinal cord injury [3], renal

ischemia/reperfusion (I/R) injury [4], intestinal radiation injury [5] and ischemic cerebral

injury[6]. MSC can engraft into injured tissues where they differentiate to replace injured

cells [7,8]. MSC also exert paracrine functions by secreting protective factors that act on

injured cells [9,10]. The robust, self-renewing, multilineage differentiation potential of MSC

makes these cells very desirable candidates for possible clinical cellular therapy [11].

Populations of MSC derived from bone marrow (BM-MSC) [12] and amniotic fluid (AF-

MSC) [13] have been isolated. Both MSC subtypes have dynamic differentiation potential

and can be induced into cells of all three embryonic lineages [14,15]. AF-MSC may actually

have more potent proliferation [16] and differentiation potential compared to BM-MSC [17].

Furthermore, unlike embryonic stem cells, AF-MSC are not tumorigenic [15]. These

characteristics make AF-MSC a very attractive option for potential cellular therapy.

Heparin-binding EGF-like growth factor (HB-EGF) was initially identified as a secreted

product of cultured human macrophages [18] that is a member of the epidermal growth

factor (EGF) family [19]. We have previously demonstrated that HB-EGF promotes

angiogenesis [20], and acts as a potent intestinal cytoprotective agent in animal models of

intestinal I/R injury [21], hemorrhagic shock and resuscitation (HS/R) [22] and experimental

necrotizing enterocolitis (NEC) [23]. We have also demonstrated that HB-EGF can protect

native intestinal stem cells (ISC) in a rat model of NEC [24]. HB-EGF promotes MSC

proliferation and migration, and protects MSC from apoptosis, with a more profound effect

on AF-MSC compared to BM-MSC [25]. Furthermore, HB-EGF and BM-MSC act

synergistically to reduce intestinal injury and improve survival in experimental NEC [26]

and in murine I/R injury [27]. The goal of the current study was to further explore the

synergistic effects of HB-EGF and MSC in a model of intestinal I/R injury in order to

determine whether HB-EGF improves the efficacy of MSC via direct interactions or by

separate mechanism(s) working in parallel.

METHODS

Isolation of BM-MSC

MSC isolation was performed with approval from the Institutional Animal Care and Use

Committee of the Research Institute of Nationwide Children’s Hospital (protocol

#AR06-0002). BM-MSC were harvested from adult pan-EGFP C57/BL6 mice following
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previously described protocols [12]. Briefly, mice were euthanized by cervical dislocation,

and the femurs and tibias were removed and dissected free of surrounding tissue using

sterile technique. The marrow was flushed out with 2 ml of phosphate-buffered saline (PBS)

using a sterile syringe and 20 gauge needle. The marrow pellet was dispersed by gentle

pipetting and transferred to uncoated cell culture flasks.

Isolation of AF-MSC

Amniotic fluid was obtained via amniocentesis of pan-EGFP C57/BL6 mice using an

adaptation of previously described techniques [13]. Female mice at 12.5 days gestation were

anesthetized with 2.5% tribromoethanol via intraperitoneal (IP) injection. The abdominal

skin was shaved and scrubbed with 70% ethanol. A midline laparotomy was performed and

the gravid uterus identified. The uterus was opened and amniocentesis was performed under

direct vision of the individual placentas using a 23 gauge needle. Amniotic fluid samples

were transferred to uncoated cell culture flasks. Pan-EGFP mice were used for isolation of

BM-MSC and AF-MSC since all of the cells of their body, including their MSC, are

fluorescently labeled for ease of tracking of the cells after transplantation.

Cell Culture and Differentiation

After harvesting, BM-MSC and AF-MSC were cultured in Dulbecco’s modified Eagle’s

medium: Nutrient Mixture F-12 with GlutaMax (DMEM/F12; Invitrogen, Carlsbad, CA)

supplemented with 10% MSC Qualified Fetal Bovine Serum (FBS; Invitrogen, Carlsbad,

CA) and gentamycin (5 μg/ml) (Invitrogen, Carlsbad, CA) in uncoated cell culture flasks at

37°C in a humidified atmosphere of 5%CO2/95%Nitrogen. After 24 h, non-adherent cells

were washed away with PBS and discarded. Adherent MSC were purified and expanded

during successive passages. MSC were passaged once they achieved 80% confluence to

expand the primary cultures. MSC from passages 4–9 were used for all experiments.

Differentiation assays were performed with cells at passage 4–5, and the remaining assays

were performed using cells at passage 5–9.

MSC pluripotency was confirmed using the STEMPRO Adipogenesis Differentiation Kit

(Invitrogen, Carlsbad, CA) and the STEMPRO Osteogenesis Differentiation Kit (Invitrogen,

Carlsbad, CA) according to the manufacturer’s instructions, as we have described previously

[25].

MSC Transfection

pCMV6-Entry vector carrying a full length human HB-EGF plasmid was obtained from

ORIGENE (Rockville, MD). Passage 2–4 EGFP-positive BM-MSC or AF-MSC harvested

from pan-EGFP C57/BL6 mice as described above were transfected with 4 μg plasmid DNA

or scrambled control plasmid DNA by electroporation using a Nucleofector Kit (Lonza,

Walkersville, MD). Transfected cells were seeded in 35 mm dishes and incubated in

GlutaMax DMEM/F12 medium containing 10% FBS for 24 h prior to transplantation. To

determine transfection efficiency, BM-MSC or AF-MSC were co-transfected with 0.8 μg

RFP and 3.2 μg of human HB-EGF plasmid DNA, fixed for fluorescence microscopy, and

transfection efficiency determined by quantifying RFP-positive cells. A portion of the

transfected cells were used for RNA isolation using an mirVanaTM Isolation Kit (Ambion,
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Grand Island, NY) and subsequently subjected to real-time RT-PCR analysis of human HB-

EGF mRNA expression. Human HB-EGF primers: Forward primer sequence (5′ sense) 5′-

CTCTCCCTGCCAAGTCTCAG-3′; Reverse primer sequence (3′ antisense): 5′-

CTGCATGGAGTAGCACCAGA-3′. Data were normalized to GAPDH and shown relative

to HB-EGF gene expression.

Murine Ischemia/Reperfusion Model

All operative procedures were performed with approval from the Institutional Animal Care

and Use Committee of the Research Institute of Nationwide Children’s Hospital (protocol

#AR000903). 8 to 10 week old male wild-type FVB mice weighing ~20 grams were used

for all experiments. Animals were anesthetized with 3% isoflurane and the abdomen was

shaved and cleansed with 70% isopropanol. Anesthesia was maintained using 1% isoflurane

and body temperature was maintained with a heating pad.

A midline laparotomy was made and branches of the superior mesenteric artery were

identified. Branches supplying the distal six centimeters of the terminal ileum were occluded

with non-traumatic vascular clamps. For sham operated animals, branches were identified

but no vascular clamps were applied. The abdomen was temporarily closed and segmental

mesenteric artery occlusion (sMAO) to the terminal ileum was maintained for 60 min.

Vascular clamps were then removed and 0.2 mL of either HB-EGF (1000 μg/kg) or PBS

was administered via an intraluminal injection into the more proximal small intestine using a

0.3 mL low-dose U-100 insulin syringe and a 29-guage needle (Becton Dickinson, Franklin

Lakes, NJ). The abdominal wall was sutured closed in layers. Animals were kept warm and

observed until fully awake and ambulatory. Animals were euthanized 24 h after reperfusion

via cervical dislocation under anesthesia.

MSC Preparation and Administration

Adherent BM-MSC or AF-MSC were trypsinized (0.25% trypsin; Cellgro, Manassas, VA)

for 5 min and then neutralized with DMEM/F12 supplemented with 10% FBS. Cells were

quantified using a hemocytometer. MSC were centrifuged, washed with sterile PBS, re-

suspended in PBS to a concentration of 5x106 MSC/mL, and then gently mixed to prevent

aggregation. Animals received 0.2 mL of either MSC suspension (1x106 total MSC) or PBS

2 h after reperfusion via intraperitoneal (IP) injection with 29-guage needles.

MSC Intestinal Engraftment

Mice were randomized into eight groups: (1) sham operated mice (sham) with control-

transfected BM-MSC; (2) sham + HB-EGF-transfected BM-MSC; (3) sMAO + control-

transfected BM-MSC; (4) sMAO + HB-EGF-transfected BM-MSC; (5) sham + control-

transfected AF-MSC; (6) sham + HB-EGF-transfected AF-MSC; (7) sMAO + control-

transfected AF-MSC or (8) sMAO + HB-EGF-transfected AF-MSC. There were ≥ 5 mice in

each experimental group. Terminal ileum from sham operated mice as well as uninjured

jejunum from mice exposed to sMAO were both used as controls. After euthanasia, the

terminal ileum and jejunum were harvested and fixed in solution containing 1%

paraformaldehyde, 15% picric acid and 0.1 M sodium phosphate buffer (pH 7.0) and shaken

gently at 4°C overnight. Thirty μm frozen sections were mounted in DAPI containing
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mounting media (Vector Laboratories, Burlingame, CA). Fluorescence was observed using a

Zeiss Axioskop fluorescent microscope (Carl Zeiss, New York, NY). MSC quantification

was performed by counting EGFP-positive cells per crypt-villus axis in three separate

intestinal sections per mouse at 200X magnification.

Histologic Injury Score

Mice were randomized into eleven groups: (1) sham; (2) sMAO; (3) sMAO + intraluminal

HB-EGF; (4) sMAO + BM-MSC; (5) sMAO + intraluminal HB-EGF + BM-MSC; (6)

sMAO + control-transfected BM-MSC; (7) sMAO + HB-EGF-transfected BM-MSC; (8)

sMAO + AF-MSC; (9) sMAO + intraluminal HB-EGF + AF-MSC; (10) sMAO + control-

transfected AF-MSC or (11) sMAO + HB-EGF-transfected AF-MSC. There were ≥ 5 mice

in each experimental group. After euthanasia, the terminal ileum was harvested and fixed in

10% formalin overnight. Paraffin-embedded sections were prepared and stained with

hematoxylin and eosin. Histologic scoring of the depth of tissue injury was performed as

described by Chiu et al [28] with modifications as follows: 0, no damage; 1, subepithelial

space at villous tip; 2, loss of mucosal lining of the villous tip; 3, loss of less than half of the

villous structure; 4, loss of more than half of villous structure; and 5, transmural necrosis.

Sections were evaluated blindly by two observers, with all scores averaged.

Intestinal Permeability Assay

Mice were randomized into the same groups listed above for histologic injury scoring. There

were ≥ 5 mice in each experimental group. After euthanasia, terminal ileal mucosal barrier

function was assessed using the ex vivo isolated everted gut sac method as we have

previously described [29]. In brief, six-centimeter segments of terminal ileum were

harvested, everted, and incubated in ice-cold Krebs-Henseleit bicarbonate buffer (KHBB) at

pH 7.4. Fluorescein-isothiocynate dextran (FD4, molecular weight; 4000 Da) was used as a

permeability probe. Everted gut sacs were gently distended by injecting 0.4 mL of KHBB

and suspending the sacs in KHBB with added FD4 (60 μg/mL), representing the FD4muc, for

30 min. The incubation medium was maintained at 37°C and was continuously bubbled with

a gas mixture containing 95% O2 and 5% CO2. Gut length (L) and diameter (D) were

measured, and the intraluminal KHBB (FD4ser) was collected and measured (intraluminal

volume). Both FD4muc and FD4ser were measured with a fluorescence spectrophotometer

(SpectraMax Plus, Molecular Devices, CA). Gut permeability was expressed as the

mucosal-to-serosal clearance of FD4 as follows:

Statistical Analyses

Experimental data were expressed as mean ± SD. Intragroup statistical differences were

determined with ANOVA analysis and statistical significances between individual

experimental groups were determined using a post-hoc Student’s t-test. Differences were

considered to be statistically significant if p<0.05.
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RESULTS

HB-EGF plasmid transfection leads to increased HB-EGF mRNA expression in MSC

EGFP-positive BM-MSC or AF-MSC were co-transfected with human HB-EGF and with

RFP, and transfection efficiency was determined by the ratio of RFP-positive cells (red) to

EGFP-labeled MSC (green) (Figure 1A). Approximately 48% transfection efficiency was

achieved. Real time RT-PCR analysis showed that the expression of human HB-EGF in the

HB-EGF-transfected BM-MSC and AF-MSC was significantly higher than that in either

non-transfected MSC or in scrambled control plasmid transfected MSC (Figure 1B and 1C).

MSC Preferentially Engraft into Injured Intestine and endogenous HB-EGF Promotes AF-
MSC Engraftment

Representative intestinal sections displaying MSC engraftment are shown in Figure 2A.

There was increased intestinal engraftment into injured terminal ileum compared to either

uninjured jejunum from the same animal, or to uninjured terminal ileum from sham operated

animals for both BM-MSC (Figure 2B) and for AF-MSC (Figure 2C). Administration of

HB-EGF overexpressing BM-MSC led to similar engraftment compared to scrambled

control transfected BM-MSC (Figure 2B). On the other hand, administration of HB-EGF

overexpressing AF-MSC led to significantly increased engraftment compared to scrambled

control transfected AF-MSC (Figure 2C). HB-EGF overexpression had no effect on MSC

engraftment into uninjured intestine (Figure 2B,C).

MSC Transplantation Improves Intestinal Histologic Injury

As expected, there was significantly increased intestinal histologic injury in the terminal

ileum in animals subjected to sMAO compared to sham operated animals (3.38 ± 0.64 vs.

0.06 ± 0.17; p<0.01) (Figure 3A,B). Administration of intraluminal HB-EGF led to

significantly decreased terminal ileal histologic injury in animals subjected to sMAO (0.93 ±

0.35 vs. 3.38 ± 0.64; p<0.01). Administration of BM-MSC significantly decreased terminal

ileal histologic injury in both the absence (0.9±0.42; p<0.01) or presence (0.8±0.45; p<0.01)

of intraluminal HB-EGF (Figure 3A). Treatment with scrambled control transfected BM-

MSC (0.75 ± 0.5; p<0.01) or with HB-EGF transfected BM-MSC (0.75 ± 0.65; p<0.01) also

significantly decreased terminal ileal histologic injury. There were no significant differences

between the individual treatment groups. Administration of AF-MSC also decreased

terminal ileal histologic injury both in the absence (1 ± 0.61; p<0.01) or presence (0.85 ±

0.41; p<0.01) of intraluminal HB-EGF. Treatment with scrambled control transfected AF-

MSC (1 ± 0.41; p<0.01) or with HB-EGF-transfected AF-MSC (0.88 ± 0.25; p<0.01) also

significantly decreased terminal ileal histologic injury (Figure 3B). Again, there were no

significant differences between individual treatment groups.

MSC Transplantation and HB-EGF Improve Gut Barrier Function with Synergistic Efficacy

There was significantly increased intestinal permeability, indicative of impaired gut barrier

function, in terminal ileum from animals subjected to sMAO compared to sham operated

animals (96.5 ± 21.9 vs. 1.7 ± 2.3; p<0.01) (Figure 4A,B). Animals subjected to sMAO but

treated with intraluminal HB-EGF had significantly improved gut barrier function compared
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to untreated animals (40 ± 5.3 vs. 96.5 ± 21.9; p<0.01). Administration of BM-MSC

improved gut barrier function in both the absence (31.8 ± 6.9; p<0.01) or presence (32.2 ±

8.4; p<0.01) of intraluminal HB-EGF (Figure 4A). Gut barrier function was also improved

with administration of either scrambled control transfected BM-MSC (34.8 ± 6.1; p<0.01) or

HB-EGF transfected BM-MSC (33.6 ± 12.1; p<0.01). There were no significant differences

between the individual treatment groups. On the other hand, administration of AF-MSC

improved gut barrier function in both the absence (41.6 ± 10.5; p<0.01) or presence (17.4 ±

8.2; p<0.01) of intraluminal HB-EGF, with significantly improved gut barrier function for

combined therapy with intraluminal HB-EGF and AF-MSC compared to either intraluminal

HB-EGF alone (p<0.05) or AF-MSC alone (p<0.05) (Figure 4B). Administration of

scrambled control transfected AF-MSC (39.9 ± 15.6; p<0.01) or HB-EGF transfected AF-

MSC (12.2 ± 6.2; p<0.01) also both significantly improved gut barrier function. There was

additional improved gut barrier function with administration of HB-EGF transfected AF-

MSC compared to scrambled control transfected AF-MSC (p<0.05).

DISCUSSION

MSC have emerged as an attractive target for regenerative medicine. MSC administration

has been shown to be beneficial in multiple end-organ ischemic injury models [2–6].

Improving and augmenting MSC transplantation methodology to modulate therapeutic

efficacy is an area of great interest. Others have focused on the transplantation of different

MSC sub-types from a variety of primary tissues and optimizing these MSC populations via

pre-transplantation conditioning. In the current study we have focused on the administration

of HB-EGF in an effort to augment MSC function.

HB-EGF has previously been demonstrated to have potent mitogenic activity for a variety of

cell types, including smooth muscle cells, epithelial cells, fibroblasts, keratinocytes and

renal tubular cells [30], and is a known chemotactic agent for various cell types [31,32]. It

exerts its effects by binding to cell-surface EGF receptors (EGFR) ErbB1 and ErbB4 [33,34]

and to the HB-EGF-specific receptor Nardilysin (Nrdc) [35,36]. We have previously

characterized the in vitro interactions between HB-EGF and MSC, demonstrating that HB-

EGF promotes MSC proliferation and migration, and protects MSC from anoxia-induced

apoptosis [25]. HB-EGF has a more potent effect on AF-MSC compared to BM-MSC in

vitro [25]. We have also shown that HB-EGF protects resident intestinal stem cells during

NEC [24] and that BM-MSC transplantation improves survival in experimental NEC [26].

We also showed that HB-EGF administration combined with MSC protects murine

intestines from I/R injury in vivo [27]. We found synergistic efficacy when a combination of

AF-MSC and HB-EGF was administered, while this synergism was not observed with

administration of BM-MSC and HB-EGF. This parallels our in vitro differential effects of

HB-EGF on BM-MSC and AF-MS. What was not clear, however, was whether this apparent

in vivo synergism was via a direct effect of HB-EGF on MSC, or if it was predominantly via

parallel additive effects of HB-EGF on the intestines themselves. The latter is possible since

multiple studies from our lab have shown that HB-EGF is directly able to protect the

intestinal mucosa from various forms of intestinal injury. We attempted to address this

question by over-expressing endogenous HB-EGF in MSC and comparing the efficacy of
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these genetically altered MSC to that of non-HB-EGF-transfected MSC administered in

combination with intraluminal exogenous HB-EGF.

Our results using a murine intestinal I/R injury model demonstrate that in BM-MSC and AF-

MSC, endogenous overexpression of HB-EGF produces similar effects to co-administration

of MSC with exogenous HB-EGF. When administered as monotherapy, BM-MSC and AF-

MSC protect the intestines from injury to a similar extent. No additional improvement in

protection from injury occurred when exogenous HB-EGF was administered in combination

with BM-MSC transplantation or when endogenous HB-EGF expression was upregulated in

BM-MSC. However, when exogenous HB-EGF administration was combined with AF-

MSC transplantation, or when endogenous HB-EGF was over-expressed in AF-MSC, there

was significantly increased MSC engraftment into injured intestine, and significantly

improved gut barrier function. This supports our in vitro data demonstrating that HB-EGF

has a more potent protective effect on AF-MSC compared to BM-MSC [25].

One possible confounding factor in our comparison of HB-EGF over-expression in the

different MSC populations studied was the fact that there was increased HB-EGF mRNA

expression in AF-MSC compared to BM-MSC. This could partially explain the differential

behavior pattern observed between AF-MSC and BM-MSC. However the synergistic effect

of exogenous HB-EGF on AF-MSC but not on BM-MSC was noted when equal amounts of

exogenous HB-EGF were co-administered. Thus, there appears to be a fundamental

difference in the interactions between HB-EGF and AF-MSC compared to BM-MSC.

The mechanisms explaining the differential effects of HB-EGF on AF-MSC compared to

BM-MSC have yet to be fully elucidated. Specific interactions between HB-EGF and MSC

are currently incompletely understood. Others have shown that HB-EGF promotes MSC

proliferation and prevents MSC differentiation via the HER-1 cell surface receptor [37]. It is

well known that EGFR plays a pivotal role in proliferation as well as paracrine and autocrine

signaling [38]. This has been further demonstrated specifically in BM-MSC [39]. A possible

explanation we are currently exploring to explain our observed behavior patterns is a

differential expression profile of the known HB-EGF cell surface receptor proteins between

the two MSC populations. Previous observations have demonstrated that hypoxia activates

many survival and stress pathways, including down regulation of p38MAPK [40], down

regulation of PI3K and ERK 1–2 [41], and up regulation of the Akt inhibitor PTEN [42]. We

have shown that HB-EGF activates these pathways in various cell types [43], and future

experiments will clarify the exact mechanisms utilized by HB-EGF in its effects on MSC.

We have demonstrated that HB-EGF administration with MSC transplantation leads to

preferential engraftment of MSC into injured intestine, and improves intestinal histology and

gut barrier function, after murine intestinal I/R injury. Both exogenously administered and

endogenously overexpressed HB-EGF promotes increased AF-MSC engraftment and have

synergistic efficacy with AF-MSC transplantation, leading to further improvement in gut

barrier function. These data support the utilization of HB-EGF as a potential method to

improve the efficacy of AF-MSC transplantation therapy, and indicates that HB-EGF exerts

its effects, at least partially, via direct effects on MSC. Although our results imply a direct
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effect of HB-EGF on AF-MSC, ongoing studies will clarify the specific mechanistic role(s)

of HB-EGF on MSC more directly.
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Figure 1. Transfection efficiency of human HB-EGF in MSC
(A) EGFP-positive BM-MSC were co-transfected with RFP and either human HB-EGF or

scrambled control plasmids. RFP positive cells (red) were visualized under fluorescence

microscopy. Similar results were found for AF-MSC (not shown). Total RNA was extracted

from non-transfected, scrambled control plasmid transfected, or HB-EGF transfected BM-

MSC (B) or AF-MSC (C) and real-time RT-PCR performed. Data were normalized to

GAPDH and are shown relative to the expression of the HB-EGF gene (*p<0.05 vs. non-

transfected or scramble transfected controls).
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Figure 2. MSC intestinal engraftment
(A) Shown are representative fluorescent microscopy images of: a) uninjured jejunum from

an animal subjected to sMAO and treated with scrambled control-transfected BM-MSC, b)

terminal ileum from an animal treated subjected to sMAO and treated with scrambled

control-transfected BM-MSC, c) terminal ileum from an animal subjected to sMAO and

treated with HB-EGF-transfected BM-MSC, d) uninjured jejunum from an animal subjected

to sMAO and treated with scrambled control-transfected AF-MSC, e) terminal ileum from

an animal treated subjected to sMAO and treated with scrambled control-transfected AF-

MSC, and f) terminal ileum from an animal subjected to sMAO and treated with HB-EGF-

transfected AF-MSC. (B) Quantification of BM-MSC intestinal engraftment. Mice were

subjected to sMAO or to sham surgery. There was increased BM-MSC engraftment into

sMAO injured ileum compared to sMAO uninjured jejunum or sham uninjured ileum.

Values represent mean ± SD with ≥ 5 animals per group. *p< 0.01 compared to sMAO

uninjured jejunum or to sham operated ileum. (C) Quantification of AF-MSC intestinal

engraftment. Mice were subjected to sMAO or to sham surgery. There was increased AF-

MSC engraftment into sMAO injured ileum compared to sMAO uninjured jejunum or sham

uninjured ileum. In addition, there was increased engraftment of HB-EGF-transfected AF-

MSC compared to scrambled control-transfected AF-MSC into sMAO inured ileum. Values

represent mean ± SD with ≥ 5 animals per group. *p< 0.01 compared to sMAO uninjured

jejunum or to sham operated ileum; **p< 0.01 compared to sMAO uninjured jejunum or to

sham operated ileum, and p<0.05 compared to sMAO injured ileum treated with scrambled

control-transfected AF-MSC.
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Figure 3. Intestinal histologic injury
(A) BM-MSC, (B) AF-MSC. Mice were subjected to sham surgery or to sMAO and

received the treatments indicated. All treatment groups had improved intestinal histologic

injury compared to sMAO injury alone. Values represent mean ± SD with ≥ 5 animals per

group. *p < 0.01 compared to sham surgery, **p < 0.01 compared to sMAO alone.
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Figure 4. Intestinal permeability
(A) BM-MSC, (B) AF-MSC. Mice were subjected to sham surgery or to sMAO and

received the treatments indicated. All treatment groups had improved intestinal permeability

injury compared to sMAO injury alone. There was an additional improvement in intestinal

permeability for the AF-MSC+HB-EGF and the HB-EGF transfected AF-MSC treatment

groups. Values represent mean ± SD with ≥ 5 animals per group. *p < 0.01 compared to

sham surgery, **p < 0.01 compared to sMAO; ***p < 0.01 compared to sMAO and p<0.05

compared to other (non-sham) treatment groups.
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