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Abstract: Background: Mesenchymal stem cells (MSCs) have been reported totreat acute lung injury (ALI) by modu-
lating inflammation, maintaining lung structure, preserving lung function, and inhibitingepithelial cells apoptosis.
The aim of thepresent study is to investigate whether MSCs enhance lung repair via keratinocyte growth factor (KGF)
in Oleic acid (OA) induced ALI (OA-ALI). Methods: Rats were administered OA to induce ALI model. Then they were
given intravenous injections of Phosphate Buffered Saline (PBS), dermal fibroblasts (DF), DF-CM, MSCs, and MSC-
scondition medium (MSC-CM) respectively. The extent of lung injuryand lung function was assessed. A subsequent
in vitro experiment was performed to examine the potential role of MSCs secretion in attenuating lung epithelial
repairment using injured lung epithelial administered with involved MSCs, MSC-CM, KGF, HGF and TGF-B. Results:
Both MSCs and MSC-CM significantly improve lung function following OA-ALl. MSCs enhanced restoration of sys-
temic oxygenation, reduced total lung water, decreased lung inflammation and histological lung injury and restored
lung structure. These effects were not seen with dermalfibroblastsadministraion. In vitro experiment supported
that, Keratinocyte growth factorimproved lung epithelial repair. Conclusions: MSCs ameliorated lung repair by KGF
in OA-induced ALI.
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Introduction and non-classical secretion mechanisms,
including protein translocation, exocytosis, and

Acute lung injury (ALI) and acute respiratory dis-
tress syndrome (ARDS) were firstly described in
1967 [1]. Despite advances in therapeutic prin-
ciples, ALI/ARDS remains a leading cause of
morbidity and mortality (up to 30 to 40%) in
critically ill patients [2]. Mesenchymal stem
cells (MSCs) is proved to be helpful in ALI model
viadecreasing lung inflammation and lung vas-
cular permeability, this make it attractive to be
a new treatment to deal with ALI [3]. Recent
study has shown that MSCs can improve ALl via
paracrine mechanism besides its differentiat-
ing into multiple cell types to augment or
replace damaged tissues [4]. In paracrine
mechanism, stem cell secretome is defined as
the complex set of secreted molecules from
stem cells that are crucial to many biological
functions including cell growth, replication, dif-
ferentiation, signaling, apoptosis, adhension
and angiogenesis. These secreted molecules
are released by stem cells through classical

vesicle or exosom encapsulation. One of the
most important MSCs paracrine factors is
called Keratinocyte growth factor (KGF), a
28-kDa heparin binding member of the
Fibroblast Growth Factor (FGF) family [5]. KGF
has been proved to be therapeutic in skin, lung,
bladder, gastrointestinal tract, and Graft-
versus-Host diseases through its ability of
Mitogenicity, reepithelialization, Cytoprotection,
Antiapoptotic Effects, Differentiation and Pro-
liferation [6]. But whether KGF pathway is a
mechanism that MSCsattenuate ALl is still
unknown. The present study focuses on the
novel critical role of KGF in MSCs treatingOA-
induced ALI.

Materials and methods

All animals received humane care in compli-
ance with the Guide for the care and use of
laboratory animals published by the National
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Figure 1. MSCs and MSCs-CM restore lung structure following OA-induced ALI. Representative hematoxylin-eosin
staining (HE) stained lung tissue from the following groups:control group (A); Oleic acid (OA) group (B); dermal fi-
broblasts (DF) group (C); dermal fibroblasts condition medium (DF-CM) group (D); Mesenchymal stem cells (MSCs)
group (E) Mesenchymal stem cells condition medium (MSC-CM) group (F) (original magnification x100); and injure
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score of the groupsabove (G). *Significantly different from control group. ASignificantly different from OA group.
@ Significantly different from DF group. *Significantly different from DF-CM group. *Significantly different from MSCs

groups (P<0.05 was considered as significant).
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Figure 2. MSCs and MSC-CM treatments improved
lung function. Mesenchymal stem cells (MSCs) and
Mesenchymal stem cells condition medium (MSC-
CM) therapy reduced wet to dry weight ratios of the
injury lung (A) andenhanced lung ventilationfunc-
tion, which resulted a higher Systemic arterial oxy-
gen pressure (Sa0,) (B) following Oleic acid induced
acute lung injury (OA-ALI) compared with other treat-
ments and control group. *Significantly different
from control group. ASignificantly different from OA
group. @Significantly different from dermal fibro-
blasts (DF) group. *Significantly different from der-
mal fibroblasts condition medium (DF-CM) group.
#Significantly different from MSCs groups (P<0.05
was considered as significant).

Institutes of Health (NIH publication 83-23,
revised 1996). The study protocol was approved
by the Laboratory Animal Ethics Committee of
Capital Medical University.

MSCs culture and conditioned medium (CM)
preparation

Frozen vial of passage 1 OriCellTM Sprague
Dawley (SD) Rat MSCs with GFP (SD MSCs/
GFP) and dermal fibroblasts (DF) was pur-
chased from Cyagen Biosciences (CA, USA).
The MSCs were thawed and expanded as previ-
ously described [7] and then generated using a
protocol described. The MSCsconstantly differ-
entiated into bone, fat, and cartilage in culture
and were negative for hematopoietic markers
(CD34, CD36, CD117, and CD45) and positive
for CD29 (95%), CD44 (>93%), CD49c (99%),
CD49f (>70%), CD59 (>99%), positive for CD90
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(>99%), CD105 (>99%), and CD166 (>99%).
MSCs (2x10°) and DF (2x10°) were washed and
cultured without serum for 24 h. The cells were
again washed and the subsequent serum-free
medium for the next 24 h was used as the con-
ditioned medium (CM). For in vivo experiments,
15 ml of this medium was concentrated using a
3000 Da centrifugal concentrating filter
(Amicon, Billerica, Massachusetts, USA) to give
500 pl.

ALl model and grouping

Male SD rats weighing 180-225 g, 2-3 weeks
old from the National Animal Center (Beijing
China) were used in all experiments. 10 rats
were randomly selected as control group, which
received 500 pl Phosphate Buffered Saline
(PBS). OA and 95% ethanol were mixed at a sol-
vent ratio of 1:1 and then injected after the left
animals were anesthetized with 3% Pento-
barbital through peritoneal cavity. When the
model was established, the animal’s cyanosis,
breathed at 75-90/min, and delayed recovery.
Then the model animals were randomly allo-
cated to the groups as below (n=10 each
group): 1) OA group received an intravenous of
500 ul PBS. 2) DF group received 2x10° DF in
500 ul PBS. 3) DF-CM group received 500 ul
DF-CM. 4) MSCS group received an intravenous
injection of 2x10% MSCS in 500 ul PBS. 5)
MSC-CM group received 500 pyl MSC-CM. The
first injections were given immediately after the
establishment of OA-ALI model and a second
injection was administered 24 hours later.

Injured epithelial recovery experiment

An in vitro model of alveolar epithelial repair
was used, as used in prior studies [8]. SD rat
type Il epithelial cells (Cyagen Biosciences, CA,
USA) were wounded in confluent A549 mono-
layers in 24 well plates with a 1000yl pipette
tip. The wounds were exposed to nothing, KGF,
hepatocyte growth factor (HGF) and transform-
ing growth factor B (TGF-B) (Abcam, Cambridge,
UK) (as the concentration as that in MSCs-CM),
respectively. At 48 h the extent of epithelial res-
titution was determined (Photoshop V8.0,
Adobe Systems, San Jose, California, USA).
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Figure 3. MSCs and MSC-CM decreased alveolar
fluid protein concentrations and Neutrophils count.
Both Mesenchymal stem cells (MSCs) and MSCscon-
ditioned medium (MSC-CM) (A) decreased bronchoal-
veolar lavage (BAL) neutrophil counts, (B) decreased
BAL protein concentrations compared with other
groups (n=10 animals per group). *Significantly dif-
ferent from control group. ASignificantly different
from oleic acid (OA) group. @ Significantly different
from dermal fibroblasts (DF) group. *Significantly dif-
ferent from dermal fibroblasts condition medium (DF-
CM) group. #Significantly different from MSCs groups
(P<0.05 was considered as significant).

Histological assessment of lung injury

Animals were killed at 48 hours after OA-ALI
model was established and arterial blood
gases were analyzed by blood gas analyzer.
Postmortem, bronchoalveolarlavage (BAL) dif-
ferential cell counts, protein concentration and
cytokine levels were determined. Wet to dry
lung weight ratios were measured and histo-
logical lung damage was assessed. Lung in-
jury score = [(alveolar hemorrhage points/no.
of fields) + 2 x (alveolar infiltrate points/no.
of fields) + 3 x (fibrin points/no. of fields) +
(alveolar septal congestion/no. of fields)]/total
number of alveoli counted [3].

Measurements of soluble mediator concentra-
tions in MSCS supernatants

MSCs between passages 2 and 5 were cultured
on sixwell plates until 85-90% confluence was
achieved. After exposure to experimental con-
ditions, the supernatants were harvested and
immediately centrifuged. The concentrations of
soluble mediators, HGF, TGF-3, and KGF were
measured by ELISA (R&D Systems) according to
the manufacturer’s instructions [9].
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Bronchoalveolar lavage (BAL)

Rats were euthanized with 3% Pentobarbital
through peritoneal cavity. Following surgical
visualization of the trachea, BAL was performed
by insertion of a 0.18 gauge angiocatheter and
flushing of the lungs with 0.5 ml ice-cold PBS
until a total volume of 3 ml was obtained. BAL
fluid was strained (40-uM) and centrifuged. The
cellular fraction was suspended in 1 ml PBS
and total cell counts were determined using a
hemocytometer. Differential cell counts were
done followingcytospinand staining with a Diff-
Quick Staining Kit (IMEB Inc.); >300 cells were
counted in three separate fields for each ani-
mal.Vascular leakage in BAL fluid was assessed
using a rat albumin ELISA Quantitation Set
(Bethyl Laboratories, Inc., Montgomery, TX).
Levels of Tumor Necrosis Factor (TNF-),
Interleukin (IL)-6, IL-10, in BAL fluid were per-
formed using a Rats Inflammatory Cytometric
Bead Array (BD Biosciences).

Statistical analysis

Data were analyzed using SPSS 16.0 (Chicago,
USA). The distribution of all data was tested for
normality using WKolmogorov-Smirnov tests.
Data were analyzed by one-way ANOVA. Com-
parisons between two groups were performed
using unpaired two-tailed Student t tests or a
Mann-Whitney U test. A two-tailed P value of
<0.05 was considered significant.

Results

There were no differences between the groups
at baseline with regard to animal weight.

MSCs and MSCs-CM restored lung structure
following OA-induced ALI

MSCs decreased alveolar thickening as evi-
denced by reduced alveolar tissue volume frac-
tion while MSCs increased recovery of airspace
volume as evidenced by increased alveolar air-
space volume fraction. Representative histo-
logical sections of lung demonstrate the great-
er degree of resolution of injury and alveolar
infiltrates in each group (Figure 1A-F). The inju-
ry score of each group was shown (Figure 1G).

The administration of MSCs and MSC-CM
enhanced injured lung function

Both MSCs and MSC-CM enhanced the restora-
tion of lung micro vascular permeability, as evi-
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Figure 4. MSCs and MSC-CM balanced inflamma-
tory cytokines.Mesenchymal stem cells (MSCs) exert
benefits via a paracrine mechanism. Both MSCs and
MSCs conditioned medium (MSC-CM) (A) decreased
BAL tumour necrosis factor o (TNF-) concentra-
tions, (B) reduced alveolar interleukin 6 (IL-6), and
increased interleukin 10 (IL.-10) compared with other
groups (n=10 per group). *P<0.05 vs fibroblast CM
and fibroblast groups. *Significantly different from
control group. ASignificantly different from oleic acid
(OA) group. @ Significantly different from dermal fi-
broblasts (DF) group. *Significantly different from
dermal fibroblasts condition medium (DF-CM) group.
#Significantly different from MSCs groups (P<0.05
was considered as significant).

denced by a decrease in lung wet to dry weight
ratios (Figure 2A). MSCs and MSC-CM en-
hanced oxygenation following ALI (Figure 2B).

MSCs and MSC-CM decreased alveolar fluid
protein concentrations and neutrophils count

Both MSCs and MSC-CM decreased BAL pro-
tein concentration (Figure 3A) and neutrophils
count (Figure 3B) compared with groups that
received fibroblasts or fibroblast conditioned
medium.

Both MSCs and MSC-CM balanced the inflam-
matory response

Both MSCs and MSC-CM decreased BAL tu-
mor necrosis factor a (TNF-a) concentrations
(Figure 4A), reduced alveolar interleukin 6 (IL-
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6) concentrations (Figure 4B) and increased
alveolar interleukin 11 (IL-11) concentrations
(Figure 4C) compared with groups that received
fibroblasts or fibroblast conditioned medium
(n=10 animals per group).

KGF enhances pulmonary epithelial wound
repair

Through our ELISA detection, the KGF, HGF and
TGF-B concentration in MSCs-CM is 307 pg/ml,
13.7 ng/ml and 0.2 ng/ml respectively.

Incubation of MSCs, MSC-CM or KGF appeared
to have beneficial effects on epithelial wound
repair. In contrast, incubation with HGF and
TGF-B did not alter wound repair (Figure 5).
Measurement of KGF concentrations in the
MSCsand fibroblast CM showed that MSCs pro-
duced substantially greater amounts of KGF
(310490 vs. 68+13 pg/ml, P<0.0001).

Discussion

The present study, which investigated the ther-
apeutic impact of MSCs, and MSCs-CM on
OA-ALI, provided striking implication. Both
MSCs and MSCs-CMattenuated OA-induced
ALl. KGF enhanced pulmonary epithelial wound
repair. Moreover, our data proved that MSCs
secreted KGF in CM. Therefore, MSCs may alle-
viate OA-induced ALI via secreting KGF, which
suggests KGF might be a new target for ALI
treatment.

The results showed that, the injured score in
MSCs group is significantly lower than that in
OA-ALI group, which was accordance with previ-
ous study. Some study has shown that the
MSCs improve ALl through its Homing to injured
cells and transaction to function cells. So, in
the present study, the MSCs-CM which was
free with MSCs was involved, and we found that
MSCs-CM which was not with can also bethera-
peutic to OA-ALI, which indicates the paracrine
mechanism may be one of its therapeutic
pathway.

More recentwork suggests a complex role of
stemcells in functional recovery sincemany
studies of stemcells in animalmodels suggest
that MSCs are relatively short-lived after deliv-
ery and do not engraft and differentiate to form
new permanent tissues [10-13]. Additionally,
stem cells delivered into animalmodels have

Int J Clin Exp Med 2016;9(2):1740-1747
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Figure 5. Mesenchymal stem cells (MSCs) may en-
hance pulmonary epithelial wound closure via a
KGF-dependent mechanism.In pulmonary epithelial
layers, both Mesenchymal stem cells (MSCs) and
MSCs conditioned medium (MSC-CM) enhanced
wound closure. Incubation with keratinocyte growth
factor (KGF), but not hepatocyte growth factor (HGF)
or transforming growth factor B (TGF-B), can lead to
a similar result. *Significantly different from control
group. ASignificantly different from FGF group. 4 Sig-
nificantly different from TGF-B group. *Significantly
different from KGF group. *Significantly different
from MSCs groups (P<0.05 was considered as sig-
nificant).

been found to exert therapeutic benefits de-
spite engraftment distant from the site of actu-
al injury. Contemporary studies have demon-
strated that, in addition to differentiating into
target tissue types, stemcells likely exert a
therapeutic effect via the secretion of bioactive
factors that have antiapoptotic, antiscarring,
and neovascularization effects, as well as
immunomodulatory properties [14]. The investi-
gation of this proteinmilieu or “secretome” is a
subject of growing interest with the increasing
recognition of the paracrine/autocrine role of
cell secretions in the regulation of many physi-
ological processes and their potential for thera-
peutic application.

The exact mechanism of action of exogenous
KGF remains unclear. It imitates the actions of
intrinsic KGF and binds to the FGF receptor 2b
(FGFR2b) which is a tyrosine kinase receptor.
FGFR2b is present in the epidermis, oral muco-
sa, Gl mucosa and urothelium. KGF, through
stimulation of this receptor, increases the
regenerative capacity of these tissues. It is
responsible for various biological actions and
its effects can be divided into three categories
[15]. These include cytoprotective effects,
modulation of cytokine profile and trophic or
regenerative effects. The cytoprotective effects
are caused by upregulation of detoxifying
enzymes such as glutathione peroxidase and
glutathione S-transferase. These enzymes pro-
tect against injury from ROS [16]. This maybe
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mediated by transcriprion factors such as
nuclear factor erythroid-derived 2 (NF-E2)-
related factor (Nrf-2) and Nrf-3. There is also
activation or upregulation of DNA polymerases,
protein kinase C and tyrosine kinases. These
enzymes prevent damage to the DNA strand
[17]. Prevention of cellular damage is also
caused by inhibition of epithelial cell apoptosis
by modulation of apoptotic and antiapoptotic
factors [18]. It has also been shown in vitro to
stimulate the extracellular-signal-regulated
kinase and cause upregulation of the v-akt
murine thymoma viral oncogene homolog (Akt)
pathway [19]. Akt is an antiapoptotic pathway
and its stimulation leads to increased survival
of cells. Cytokines play an important role in the
development of mucositis. KGF downregulates
the T helper type 1 (Th-1) proinflammatory cyto-
kines, (TNF-a) and IFN-y and cause upregula-
tion of Th-2 cytokines IL-4 and IL-13 [20, 21].
KGF has trophic or regenerative effects on the
oral and intestinal mucosa. It has been known
to decrease the atrophy and ulcer formation in
oral epithelium in animal models. It enhances
the survival and proliferation of crypt cells and
goblet cells in the intestine after chemoradia-
tion [22]. It also stimulates EGF receptors and
upregulates proteases involved in remodeling
of tissues [23].

In our study, the inflammatory cytokine level of
MSC-CM group was lower and the Anti-
inflammatory factor level was higher than that
in MSCs group; the PO, is higher and the wet/
dry ratio is lower than that in MSCs group,
which indicated a better therapeutic effect in
MSC-CM.

The possible reason may be that the therapeu-
tic paracrine factor like KGF in the MSC-CM is
much higher than that in MSCs group, and at
the 24 h after the ALI model was made, a sec-
ond dose was given, which may further increas-
ing the concentration of KGF.

In conclusion, one of MSCs secret factors
called KGF, may contribute to injured lung epi-
thelial recovery and result a better lung fun-
ction.

Acknowledgements
This study is supported by the National Natural

Science Foundation of China (No. 81371443
and No. 81400305), Beijing Natural Science

Int J Clin Exp Med 2016;9(2):1740-1747



Mesenchymal stem cells in acute lung injury

Foundation(No.7152045,No. 7122056, No. 71-
42049 and No. 7142137), Beijing Talents Fund
(No.2014000021469G233), and Beijing Muni-
cipal Health Bureau High-Level Talent Culti-
vation (No. 2014-3-043). We are grateful to
Taotao Li, PhD, Beijing Institute of Heart, Lung
and Blood Vessel Diseases. The present study
cannot accomplish without their kindly help.

Disclosure of conflict of interest
None.

Address correspondence to: Xiang-Ming Fan and
Ying-Long Liu, Department of Pediatric Heart Center,
Beijing Anzhen Hospital, Capital Medical University,
No. 2 Anzhen, Chaoyang District, Beijing 100029,
China.Tel: 86-010-64456534; (+86)18611918073;
13641283203; Fax: 86-010-64456534; E-mail:
cardiac_surgeon@126.com (XMF); liuyinglong@vip.
sina.com (YLL)

References

[1] Donahoe M. Acute respiratory distress syn-
drome: A clinical review. Pulm Circ 2011; 1:
192-211.

[2] ChenJ, LiC, Gao X, LiC, Liang Z, Yu L, Li Y, Xiao
X, Chen L. Keratinocyte Growth Factor Gene
Delivery via Mesenchymal Stem Cells Protects
against Lipopolysaccharide-Induced Acute
Lung Injury in Mice. PLoS One 2013; 8:
e83303.

[3] lonescu L, Byrne RN, van Haaften T, Vadivel A,
Alphonse RS, Rey-Parra GJ, Weissmann G, Hall
A, Eaton F, Thébaud B. Stem cell conditioned
medium improves acute lung injury in mice: in
vivo evidence for stem cell paracrine action.
Am J Physiol Lung Cell Mol Physiol 2012; 303:
LO967-77.

[4] Tran C and Damaser MS. Stem cells as drug
delivery methods: application of stem cell sec-
retome for regeneration. Adv Drug Deliv Rev
2015; 82: 1-11.

[5] Finch PW and Rubin JS. Eratinocyte Growth
Factor/Fibroblast Growth Factor 7, a Homeo-
static Factor with Therapeutic Potential for Epi-
thelial Protection and Repair. Adv Cancer Res
2004; 91: 69-136.

[6] YenTT, Thao TD and Thuoc TL. An Overview on
Keratinocyte Growth Factor: From the Molecu-
lar Properties to Clinical Applications. Protein
Pept Lett 2014; 21: 306-17.

[71 Spees JL, Gregory CA, Singh H, Tucker HA,
Peister A, Lynch PJ, Hsu SC, Smith J, Prockop
DJ. Internalized antigens must be removed
to prepare hypoimmunogenic mesenchymal
stem cells for cell and gene therapy. Mol Ther
2004; 9: 747-56.

1746

(8]

)

(10]

(11]

[12]

(14]

[15]

(16]

(17]

(18]

[19]

O’Toole D, Hassett P, Contreras M, Higgins BD,
McKeown ST, McAuley DF, O’'Brien T, Laffey JG.
Hypercapnic acidosis attenuates pulmonary
epithelial wound repair by an NF-kappaB de-
pendent mechanism. Thorax 2009; 64: 976-
82.

Lee JW, Krasnodembskaya A, McKenna DH,
Song Y, Abbott J, Matthay MA. Therapeutic ef-
fects of human mesenchymal stem cells in ex
vivo human lungs injured with live bacteria. Am
J Respir Crit Care Med 2013; 187:751-60.
Toma C, Pittenger MF, Cahill KS, Byrne BJ, Kes-
sler PD. Human mesenchymal stem cells dif-
ferentiate to a cardiomyocyte phenotype in the
adult murine heart. Circulation 2002; 105: 93-
8.

Eggenhofer E, Benseler V, Kroemer A, Popp FC,
Geissler EK, Schlitt HJ, Baan CC, Dahlke MH,
Hoogduijn MJ. Mesenchymal stem cells are
short-lived and do not migrate beyond the
lungs after intravenous infusion. Front Immu-
nol 2012; 3: 297-06.

Lin G, Wang G, Banie L, Ning H, Shindel AW,
Fandel TM, Lue TF, Lin CS. Treatment of stress
urinary incontinence with adiposetissue-de-
rivedstem cells. Cytotherapy 2010; 12: 88-95.
Song YS, Lee HJ, Doo SH, Lee SJ, Lim |, Chang
KT, Kim SU. Mesenchymal stem cells overex-
pressing hepatocyte growth factor (HGF) inhib-
it collagen deposit and improve bladder func-
tion in rat model of bladder outlet obstruction.
Cell Transplant 2012; 21: 1641-1650.
Gnecchi M, Zhang Z, Ni A, Dzau VJ. Paracrine
mechanisms in adult stem cell signaling and
therapy. Circ Res 2008; 103: 1204-1219.
Blijlevens N and Sonis S. Palifermin (recombi-
nant keratinocyte growth factor-1): A pleiotro-
pic growth factor with multiple biological activi-
ties in preventing chemotherapy and radio-
therapy induced mucositis. Ann Oncol 2007;
18: 817-26.

Farrell CL, Rex KL, Chen JN, Bready JV, DiPal-
ma CR, Kaufman SA, Rattan A, Scully S, Lacey
DL. The effects of keratinocyte growth factors
in preclinical models of mucositis. Cell Prolif
2002; 35: 78-85.

Wu KI, Pollack N, Panos RJ, Sporn PH, Kamp
DW. Keratinocyte growth factor promotesalve-
olar epithelial cell DNA repairafterH202 expo-
sure. Am J Physiol 1998; 275: 780-7.
Wildhaber BE, Yang H, Teitelbaum DH. Kerati-
nocyte growth factor decreases total parenter-
al nutrition induced apoptosis in mouse intes-
tinal epithelium via Bcl-2. J Pediatr Surg 2003;
38:92-6.

Bao S, Wang Y, Sweeney P, Chaudhuri A, Doseff
Al, Marsh CB, Knoell DL. Keratinocyte growth
factor induces Akt kinase activity and inhibits
Fas mediated apoptosis in A549 lung epitheli-

Int J Clin Exp Med 2016;9(2):1740-1747


mailto:cardiac_surgeon@126.com


[20]

[21]

1747

Mesenchymal stem cells in acute lung injury

al cells. Am J Physiol Lung Cell Mol Physiol
2005; 288: 36-42.

Panoskaltsis-Mortari A, Taylor PA, Rubin JS. Ke-
ratinocyte growth factor facilitates alloengraft-
ment and ameliorates graft-versus-host dis-
ease in mice by a mechanism independent of
repair of conditioning-induced tissue injury.
Blood 2000; 96: 4350-56.

Beyth S, Borovsky Z, Mevorach D, Liebergall M,
Gazit Z, Aslan H, Galun E, Rachmilewitz J. Hu-
man mesenchymal stem cells alter antigen-
presenting cell maturation and induce T-cell
unresponsiveness. Blood 2005; 105: 2214-
19.

[22]

(23]

Farrell CL, Bready JV, Rex KL, Chen JN, DiPal-
ma CR, Whitcomb KL, Yin S, Hill DC, Wiemann
B, Starnes CO, Havill AM, Lu ZN, Aukerman SL,
Pierce GF, Thomason A, Potten CS, Ulich TR,
Lacey DL. Keratinocyte growth factor protects
mice from chemotherapy and radiation-in-
duced gastrointestinal injury and mortality.
Cancer Res 1998; 58: 933-39.

Finch PW, Rubin JS. Keratinocyte growth fac-
tor/fibroblast growth factor 7, a homeostatic
factor with therapeutic potential for epithelial
protection and repair. Adv Cancer Res 2004;
91: 69-136.

Int J Clin Exp Med 2016;9(2):1740-1747



