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PURPOSE. To evaluate the effect of conditioned medium from human uterine cervical stem cells
(CM-hUCESCs) on corneal epithelial healing in a rat model of dry eye after alkaline corneal
epithelial ulcer. We also tested the bactericidal effect of CM-hUCESCs.
METHODS. Dry eye was induced in rats by extraocular lacrimal gland excision, and corneal
ulcers were produced using NaOH. Corneal histologic evaluation was made with
hematoxylin-eosin (H&E) staining. Real-time PCR was used to evaluate mRNA expression
levels of proinflammatory cytokines. We also studied the bactericidal effect of CM-hUCESCs in
vitro and on infected corneal contact lenses (CLs) using Escherichia coli and Staphylococcus
epidermidis bacteria. In addition, in order to investigate proteins from CM-hUCESCs that
could mediate these effects, we carried out a human cytokine antibody array.
RESULTS. After injury, dry eyes treated with CM-hUCESCs significantly improved epithelial
regeneration and showed reduced corneal macrophage inflammatory protein-1 alpha (MIP1a) and TNF-a mRNA expression as compared to untreated eyes and eyes treated with culture
medium or sodium hyaluronate ophthalmic drops. In addition, we found in CM-hUCESCs high
levels of proteins, such as tissue inhibitors of metalloproteinases 1 and 2, fibroblast growth
factor 6 and 7, urokinase receptor, and hepatocyte growth factor, that could mediate these
effects. In vitro, CM-hUCESCs showed a clear bactericidal effect on both E. coli and S.
epidermidis and CLs infected with S. epidermidis. Analyses of CM-hUCESCs showed elevated
levels of proteins that could be involved in the bactericidal effect, such as the chemokine (CX-C motif) ligands 1, 6, 8, 10, and the chemokine (C-C motif) ligands 5 and 20.
CONCLUSIONS. Treatment with CM-hUCESCs improved wound healing of alkali-injured corneas
and showed a strong bactericidal effect on CLs. Patients using CLs and suffering from dry eye,
allergies induced by commercial solutions, or small corneal injuries could benefit from this
treatment.
Keywords: dry eye, corneal ulcers, E. coli, S. epiderimidis, secretoma

orneal ulcers are a very common human ophthalmologic
disease. They are characterized by a disruption of the
corneal epithelial layer often accompanied by inflammation.
The most common causes of corneal ulcers are trauma,
chemical injuries, use of contact lenses (CLs), infections, and
keratoconjuctivitis sicca or dry eye syndrome.1,2 Dry eye is
characterized by dysfunctional tear production and/or an
increased tear evaporation rate. Normal symptoms are blurred

vision, photophobia, and pain. Age, hormonal changes,
pollution, looking at computer screens for long periods, and
CLs are some of the common causes of dry eye.3 Contact lens
use can affect the natural protective mechanisms of the cornea,
augmenting adhesion of microbial cells, and progress to more
serious problems such as infections or corneal ulcers.4,5 The
International Organization for Standardization (ISO/CD 14729)
specifies that disinfecting solutions have to be able to reduce an
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initial concentration of bacteria by log3. However, a common
microorganism such as Escherichia coli is not included in the
ISO standards, but it can be found frequently as an
opportunistic pathogen human in ocular infections together
with Staphylococcus epidermidis.6
Despite there being no consensus about the ideal treatment
for corneal chemical burns, the usual procedure consists of
topical application of anti-inflammatory or antiangiogenic
artificial tears several times per day on the surface of the
cornea. With this treatment, patients usually achieve temporary relief from symptoms. Recent studies, using animal
models, have shown promising results with both mesenchymal
stem cells and the medium in which these cells were cultured,
that is, conditioned medium (CM).7–9 These multipotent cells
were originally isolated from bone marrow and later obtained
from adipose tissue10 and cord blood.11 Even though some
authors have attributed the therapeutic effect of stem cells to
different factors secreted by them, further studies are required
to elucidate the possible mechanisms of action and clinical use.
To do the experiments, we used CM from the culture of
human uterine cervical stem cells (hUCESCs). The hUCESCs
were obtained from healthy women when the endocervix was
sampled for routine Pap cervical smear, as previously
described.12 The endocervix, like the cornea, has a constantly
self-healing epithelium and is continuously exposed to
microorganisms. Thus, it seems that CM-hUCESCs might be
an ideal candidate for study with regard to regenerative
medicine and specifically in cornea-related pathologies.
To evaluate the effect of CM-hUCESCs on wound healing we
used rats with extraorbital lacrimal glands excised, which
produced dry eye with few secondary effects. Then we
performed a corneal alkali burn to induce a fast and controlled
wound, both in size and in depth. These experimental models
were previously described.9,13 In addition, we also tested the
bactericidal effect of CM-hUCESC against S. epidermidis and E.
coli in CLs in vitro.

METHODS
Ethics Statement
This study adhered to national regulations and was approved
by the regional Ethics and Investigation Committee (Comité
Ético de Investigación Clı́nica Regional del Principado de
Asturias). Cervical smears were obtained from patients who
underwent surgery or a routine gynecologic checkup at
Fundación Hospital de Jove, Asturias, Spain. All patients
provided informed written consent.
All animal studies were approved by the University of
Santiago de Compostela Ethics Committee for Animal Experiments. The research was conducted in full compliance with
the ARVO Statement for the Use of Animals in Ophthalmic and
Vision Research.

Cell Culture, CM-hUCESCs, and Bacterial Strains
Human UCESCs were cultured in 90-mm Petri dishes to 70%
confluence with 5 mL Dulbecco’s modified Eagle’s mediumF12 (DMEM-F12) culture medium with 10% FBS (Gibco, Life
Technologies, Paisley, UK) in air-CO2 (95:5) atmosphere at
378C during 48 hours. Afterward, the cells were washed three
times in PBS and cultured again in DMEM-F12 without FBS.
After 48 hours, the medium was centrifuged for 5 min at 300g,
and the supernatant was collected and used immediately.
Conditioned medium–hUCESCs were also lyophilized (25L
Genesis 5 Q EL-85; SP Scientific, Gardiner, NY, USA) and then
stored at 808C until used. The lyophilized powder was then

resuspended just before use in 5 mL deionized distilled water
(ddH2O) or 2.5 mL to obtain the concentrated CM-hUCESCs
(23).
The S. epidermidis (ATCC 12228) and E. coli (ATCC 25922)
strains were obtained from the American Type Culture
Collection (ATCC; Manassas, VA, USA).

Animals and Dry Eye Model
Female Sprague-Dawley rats weighing 200 to 250 g (Central
Animal Facility, University of Santiago de Compostela, Santiago
de Compostela, Spain) were used in this study. Animals were
anesthetized by intraperitoneal injection of a mixture of
ketamine (425 mg/kg) and xylazine (1.6 mg/kg) in NaCl.
To induce dry eye syndrome, rats were anesthetized and
extraocular lacrimal glands were excised bilaterally to reduce
the number of animals to three per group (n ¼ 6 eyes). One
week after surgery, tear production was measured using the
Schirmer test (Laboratorios Cusı́ SA, Barcelona, Spain). Paper
strips for the Schirmer test were adapted by cutting 2-mm
strips. A 1-mm fold was made at the tip of the strip and
introduced under the eyelid for 5 minutes. The length of the
wet part of the strip was then measured.

Corneal Alkali Wound and Treatments
Rats were anesthetized as described above, and a central
corneal alkali ulcer was produced in both eyes by applying a
piece of Whatman paper (2 3 2 mm; Sigma-Aldrich Corp.,
Madrid, Spain) soaked in 2 lL NaOH (1 M) for 60 seconds.
Immediately afterward, the cornea was rinsed with saline
solution for 30 seconds, stained with fluorescein (Colircusı́
Fluoresceina; Alcon Cusı́, S.A., Barcelona, Spain), and photographed under blue light with a digital camera (Nikon D200;
Nikon, Tokyo, Japan) attached to a surgical microscope (Takagi
OM-5 220-2; Takagi, Tokyo, Japan). Corneal injury was
measured quantitatively offline on the photograph using
ImageJ software (http://imagej.nih.gov/ij/; provided in the
public domain by the National Institutes of Health, Bethesda,
MD, USA). The number of fluorescein-colored pixels was
calculated as a percentage of the total number of pixels of the
surface of the cornea.
Percentage epithelial regeneration (%ER) was calculated
using the formula %ER ¼ 100 (mi  mf)/mi, where mi is the first
measurement of the corneal ulcer (just after the alkali burn)
and mf is the final measurement 48 hours afterward.
Treatments were applied on each eye topically (one drop)
four times per day for 5 days. Eighteen rats were divided into
six groups of three rats each: (1) rats with dry eyes and corneal
alkali burn treated with CM-hUCESCs; (2) rats with dry eyes
and corneal alkali burn treated with ophthalmic drops with
sodium hyaluronate (0.015 g/10 mL; Ophthalmic drops group);
(3) rats with dry eyes and corneal alkali burn treated with
culture medium (DMEM-F12, Medium group); (4) rats with dry
eyes and corneal alkali burn untreated (NoTreat group); (5) rats
with dry eyes but no lesion (No Lesion group); and (6) rats
with normal eyes and no lesion (Normal group).

Histologic Evaluation, RNA Isolation, and RealTime PCR Analysis
Five days after corneal alkali burn, one rat was randomly
selected from each group and euthanized for histologic
evaluation. Eyes of the other two animals were used for realtime PCR analysis.
For histologic evaluation, eyeballs were excised and
immersion-fixed in 10% neutral buffered formalin. After 24
hours, corneas were dissected and immersed in ethanol (70%)

Downloaded From: http://iovs.arvojournals.org/pdfaccess.ashx?url=/data/journals/iovs/933680/ on 04/06/2018

IOVS j February 2015 j Vol. 56 j No. 2 j 985

Effect of CM-hUCESCs on Wound Healing in Dry Eye
TABLE. Primer Sets for Real-Time PCR
Gene

Forward, 5 0 –3 0

Reverse, 5 0 –3 0

MIP-1a
MCP-1
TNF-a
b-actin

ATGAAGGTCTCCACCACTGC
ATGCAGTTAATGCCCCACTC
TCAGTTCCATGGCCCAGAC
GGAGATTACTGCCCTGGCTCCTA

AAAGGCTGCTGGTCTCAAAA
TTCCTTATTGGGGTCAGCAC
GTTGTCTTTGAGATCCATGCCATT
GACTCATCGTACTCCTGCTTGCTG

for 1 day, soaked in paraffin, cut in 20-lm sections, mounted,
and stained with hematoxylin-eosin (H&E). Photographs of
corneas were taken from equivalent center slides.
Macrophage inflammatory protein-1 alpha (MIP-1a), monocyte chemotactic protein-1 (MCP-1), and tumor necrosis
factor-alpha (TNF-a) mRNA expression levels in cornea were
evaluated by real-time PCR. Total RNA was isolated using
TRIzol reagent (Invitrogen, Barcelona, Spain). Complementary DNA synthesis was performed as described elsewhere.14
Real-time PCR was done with 2 lg cDNA in a 20-lL volume
using Luminaris Color HiGreenqPCR Master Mix (Fisher
Scientific, Rockford, IL, USA). Samples were denatured at
948C for 10 seconds, annealed at 588C for 10 seconds, and
extended at 728C for 10 seconds for a total of 35 cycles. The
amount of PCR product formed in each cycle was evaluated
based on SYBR Green fluorescence (Bio-Rad, Madrid, Spain)
with b-actin as the endogenous control. The oligonucleotide
sequences are detailed in the Table.

Bacterial Cultures and Antimicrobial Assays
The bactericidal effect of CM in culture was determined by
incubating 300 colony-forming units (CFUs) of E. coli and S.
epidermidis (made from serial dilutions from McFarland scale
no. 0.5) in 600 lL of either CM or medium alone at 378C for 6
hours. After this time, dilutions (1:500 and 1:1000) were made
in Luria broth medium (LB), and 250 lL was spread on agar
plates. After incubation at 378C overnight (ON), CFUs were
counted. Experiments were performed at least three times for
each condition.
To evaluate the bactericidal effect of CM-hUCESCs on CLs,
we used two commercial CLs made of different materials and
tested in a previous study15: Omalficon A (CLs1; a 2hydroxyethyl methacrylate copolymer; ProClear; Cooper Vision, Pleasanton, CA, USA) and Senolficon A (CLs2; a silicone
hydrogel; Acuvue OASYS; Johnson & Johnson, Jacksonville, FL,
USA). Contact lenses were soaked in 600 lL of the following
solutions: LB, CM-hUCESCs; concentrated CM-hUCESCs (23);
and two commercial solutions for CLs, one preserved with
DYMED (0.0001% polyaminopropyl biguanide) and another
with POLYQUAD (0.001% polidronium chloride). Each CL was
immersed convex side up in the above-mentioned solutions,
each containing 9 3 108 CFU/mL (adjusted to McFarland scale
no. 3) in a 24-multiwell plate. After incubation at 378C and ON
shaking at 15 revolutions per minute (rpm), each CL was
carefully removed, washed in sterile saline solution, and placed
in a tube with 1 mL saline. Tubes were then placed in ice and
sonicated for 1 minute (Digital Sonifier 450; Branson Ultrasonics Corporation, Danbury, CT, USA). Then 250 lL of the
suspension was spread on agar plates and incubated ON at
378C, and the CFUs were counted. Experiments were
performed at least three times for each solution.

Human Cytokine Antibody Array
Forty-eight-hour CM-hUCESCs and LCM-hUCESCs were subjected to profiling using RayBio Human Cytokine Antibody
Array G-Series 2000 (RayBiotech, Norcross, GA, USA).

Culture medium (DMEM-F12; Gibco, Life Technologies) was
processed in parallel as a negative control. Signal intensity
values representing detected cytokines were subtracted from
the background and normalized to positive controls on the
same membrane. Experimental steps and analyses were
conducted according to the manufacturer’s instructions.
Signal intensity values of each cytokine are presented as
mean 6 standard deviation (SD).

Statistical Analysis
Values are expressed as mean 6 SD. Average values were
compared using one-way ANOVA, with Tukey’s range test for
post hoc comparisons. P values less than 0.05 were considered
statistically significant. MATLAB R2011a Version 7.1 (MathWorks, Inc., Madrid, Spain) software was used for all
calculations.

RESULTS
CM-hUCESCs Enhance Corneal Wound Healing
In order to study the effect of the CM-hUCESCs on a corneal
wound in a rat model of dry eye, the extraocular lacrimal
glands were excised bilaterally, and tear production was
measured 7 days after excision using the Schirmer test (Fig.
1A). All rats that underwent surgery showed dry eyes 7 days
after the excision (Fig. 1B).
Ulcers covered between 85% and 95% of the corneal surface
(Fig. 1C, top). Fifteen hours after injury, epithelial regeneration
was greater in eyes treated with the CM-hUCESCs (62 6 5% of
total lesion) as compared with the other treatments (group
treated with medium 34 6 15%; group treated with
commercial ophthalmic drops 32 6 15%) and no treatment
(36 6 13%) (Fig. 1C, middle; Fig. 1D, P < 0.008). On day 5
after the alkali burn, the recovery of the corneal surface was
almost complete in all treated groups (>74%), but rats treated
with commercial ophthalmic drops (74 6 15%) and medium
(77 6 15%) showed no significant differences from untreated
rats (62 6 16%). However, treatment with CM-hUCESCs (92 6
4%) significantly (P ¼ 0.005) enhanced wound healing as
compared with no treatment (Fig. 1C, bottom; Fig. 1E).

CM-hUCESCs Recover Epithelial Cell Layer and
Reduce Proinflammatory Cytokines in Cornea
Histologic evaluation of corneas showed that the group treated
with CM-hUCESCs had completely regenerated the epithelium
(Fig. 2A). However, in the remaining groups (Medium,
Ophthalmic drops, and NoTreat) the regeneration of the
epithelium was not complete, showing disruption in the
epithelial layer at some point on the surface (Fig. 2A).
To evaluate the effect of CM-hUCESCs on inflammation, we
assessed by real-time PCR the mRNA production of MIP-1a and
MCP-1 chemotactic factors and the TNF-a immune-stimulatory
cytokine. We found that MCP-1, MIP-1a, and TNF-a mRNA
levels were significantly (P < 0.0001) higher in the group
treated with culture medium as compared with the other
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FIGURE 1. Model of dry eye and in vivo epithelial regeneration. (A) Schirmer test used to measure tear production. (B) Schirmer test results as
millimeters of wetted paper measured in the same eye before (Before) and 7 days after (After) excision of the extraorbital gland (*P < 0.0001). (C)
Representative images of cornea fluorescein staining after the alkali burn (0 hours, 15 hours, and 5 days). Each column represents the same eye
with the same treatment. (D) Percent of epithelial corneal regeneration 15 hours after the alkali burn (*P < 0.01). (E) Percent of epithelial corneal
regeneration 5 days after the alkali burn (*P ¼ 0.005). Treatments were CM-hUCESCs, ophthalmic drops with sodium hyaluronate (Ophthalmic
drops), culture medium (Medium), and no treatment (NoTreat) (n ¼ 6 corneas in each group).
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FIGURE 2. Conditioned medium from hUCESCs induce epithelial recovery and anti-inflammatory effects. (A) Representative images of hematoxylineosin (H&E) staining of untreated corneas (NoTreat) and treatment with culture medium (Medium), ophthalmic drops with sodium hyaluronate
(Ophthalmic drops), and CM-hUCESCs 5 days after alkali burn (scale bar: 20 lm). All photographs were taken from equivalent center slides of the
corneas. (B) Monocyte chemotactic protein-1, MIP-1a, and TNF-a mRNA in corneas 5 days after the alkali burn was evaluated by real-time PCR.
Corneas were divided into the following groups: healthy corneas (without lesion, Normal), dry eye corneas without lesion (NoLesion), nontreated
lesioned dry eye corneas (NoTreat), lesioned dry eye corneas treated with culture medium (Medium), lesioned dry eye corneas treated with
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ophthalmic drops containing sodium hyaluronate (Ophthalmic drops), lesioned dry eye corneas treated with CM-hUCESCs (*P < 0.05). (C) TIMP-1,
TIMP-2, FGF-6, FGF-7, uPAR, and HGF protein expression in culture medium (blue bars) and in CM-hUCESCs (orange bars) after 48 hours of
culture. Error bars represent mean 6 SD of signal intensity value as detected in RayBio human cytokine antibody array (*P < 0.05).

groups, including the NoTreat group (with lesion and without
treatment) (Fig. 2B). Levels of MIP-1a mRNA in the group
treated with CM-hUCESCs were similar to those in the normal
rats and the rats without corneal lesion, and significantly (P <
0.05) lower than in the other groups (Fig. 2B).
In order to test other factors that could be involved in
corneal epithelium wound healing, we carried out a human
cytokine antibody array. We found that levels of tissue
inhibitors of metalloproteinases (TIMP)-1 and -2, fibroblast
growth factors (FGF)-6 and -7, urokinase receptor (uPAR), and
hepatocyte growth factor (HGF) were significantly (P < 0.05)
higher in CM-hUCESCs compared with the control medium
(Fig. 2C).

CM-hUCESCs Have a Bactericidal Effect on E. coli
and S. epidermidis
To test the effect of CM-hUCESCs on E. coli, 300 CFUs were
incubated in CM-hUCESCs for 6 hours. Conditioned medium–
hUCESCs significantly (P < 0.0001) reduced the number of
CFUs as compared with controls (Figs. 3A, 3B). The same
procedure, but using 300 CFUs of S. epidermidis, was carried
out and yielded similar results (Figs. 3C, 3D; P < 0.05). In
summary, our results seem to indicate that CM-hUCESCs have a
bactericidal effect on both strains.
In order to explore the bactericidal effect of CM-hUCESCs
on CLs, two commercial CLs (CLs1 and CLs2) were infected
with S. epidermidis, incubated with LB medium, CM-hUCESCs,
concentrated CM-hUCESCs (23), and two commercial contact
lens solutions (solutions A and B), and CFUs were counted.
Both CLs1 and CLs2 treated with CM-hUCESCs had significantly
(P < 0.01) lower CFUs as compared with those treated with LB
medium (Figs. 4A, 4B). The bactericidal effect of concentrated
CM-hUCESCs (23; Figs. 4A, 4B) was higher (P < 0.01) than that
of nonconcentrated CM-hUCESCs. Results showed a greater
effect of the CM-hUCESCs on CLs2 as compared with CLs1 (P
< 0.01).
The human cytokine antibody array showed significantly
higher levels (P < 0.0001) of CXCL10/IP10, CXCL8/IL-8,
CXCL1/GRO-a, CXCL6/GCP-2, CCL20/MIP-3a, and CCL5/
RANTES chemokines in CM-hUCESCs and in lyophilized CMhUCESCs (LCM-hUCESCs) as compared with the control
medium (Fig. 4C).

DISCUSSION
This study shows that treatment of alkali-injured corneas with
CM from hUCESCs enhances epithelial wound healing. In
addition, CM-hUCESCs showed anti-inflammatory and antibacterial properties. Taken together, our data suggest that CMhUCESCs could be a good candidate for use as treatment for
corneal ulcers and as a contact lens solution.
Dry eye is a condition characterized by changes in tear film
quality, quantity, or both. A variety of dry eye animal models
have been developed over the past decades, including
desiccating stress conditions,16,17 mechanical inhibition of
blinking,18 pharmacologic blockade of cholinergic receptors
with atropine sulfate or scopolamine,19 adiponectin,20 injection of botulinum toxin into the lacrimal gland,21 and surgical
excision of tear-producing glands.22 In this study, we chose the
excision of the extraorbital lacrimal gland model given that it is
the main lacrimal gland in rats and is easy to access (located on

the surface of the temporal area) and given that the procedure
has no secondary effects.23,24 As demonstrated, this procedure
induced a clear dry eye syndrome.
Chemical burns of the cornea frequently lead to persistent
epithelial defects, which can result in ulceration. In fact, alkali
burns are commonly used for studying corneal ulceration in
laboratory animals.9,25 The corneal epithelium is self-renewing,
and this process is essential for normal vision. It has been
suggested that limbal stem cells migrate and proliferate to the
injured area to induce the corneal regeneration.26,27 In this
study, we show that CM-hUCESCs enhance wound healing and
reconstitute the corneal surface. Several studies have been
previously performed in rats and rabbits, treating corneal
wounds with mesenchymal stem cells from both bone marrow
and umbilical cord blood.8,9,28,29 These studies have reported
an improvement of the corneal surface, probably due to the
differentiation of exogenous mesenchymal cells into epithelial
cells, as well as mobilization of endogenous mesenchymal stem
cells to the injured area. The CM-hUCESCs used in the present
study show faster regenerative effects than commercial
ophthalmic drops when applied to the injured epithelium.
Thus, factor/s secreted by hUCESCs and not the cells
themselves seem to be responsible for wound healing. Our
data also seem to suggest that TIMP-1 and TIMP-2, both
inhibitors of matrix metalloproteinases (MMPs) and present at
higher concentrations in CM-hUCESCs, could be involved in
this process. In fact, it has been demonstrated that TIMPs in
cornea protect against extensive corneal tissue destruction
after a bacterial infection by protecting extracellular matrix
components from active MMPs, promoting resurfacing of the
corneal epithelium and wound healing.30,31 Fibroblast growth
factor-6, FGF-7, uPAR, and HGF, which are present at higher
levels in CM-hUCESCs than in control medium, have also been
related with wound healing. In fact, fibroblast growth factorbinding protein (FGF-BP) expression increases after injury,
stimulating both FGF-7 and FGF-6 activity at the wound site,
thus enhancing the epithelial repair process.32–34 Lack of uPA
and its receptor, uPAR, disturbs physiological tissue remodeling
in mice,31 and HGF has shown a chemokinetic effect,
enhancing migration of keratinocytes.33,35 However, we
cannot discard other factors secreted by the hUCESCs with
regenerative activity. In fact, other studies have suggested that
microvesicles or exosomes released by both injured tissue and
mesenchymal stem cells could be involved in this proccess.36,37
Corneal avascularity is required for optical transparency.
However, in corneal infections, chemical burns, and inflammation, neutrophils, monocytes, and macrophages infiltrate
the cornea, releasing inflammatory factors and inducing
corneal neovascularization.38–41 Our results showed that CMhUCESCs had anti-inflammatory effects on injured corneas as
compared with the culture medium. However, no significant
differences were found in MCP-1 and TNF-a mRNA levels
between rats treated with CM-hUCESCs and NoTreat rats. It has
been previously shown that administration of a synthetic
inhibitor of MMPs in mice after alkali burn induces faster
corneal epithelial regeneration compared with control. However, levels of TNF-a did not differ between treated and control
groups, suggesting a slight upregulation of TNF-a after the
burn.42 In addition, it is known that stress increases some
proinflammatory factors such as TNF-a,43–45 and therefore the
management of animals during treatment (four times per day)
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FIGURE 3. Antibacterial effect of CM-hUCESCs. (A) Quantitative analysis of E. coli after overnight growing of 300 CFUs with culture medium
(Medium) and conditioned medium from hUCESCs (CM-hUCESCs). (B) Representative images of (A) on agar plates. (C) Quantitative analysis of S.
epidermidis after overnight growing of 300 CFUs with culture medium (Medium) and CM-hUCESCs. (D) Representative images of (C) on agar plates
(n ¼ 3; *P < 0.0001).
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FIGURE 4. Antibacterial effect of CM-hUCESCs on CLs. (A) Quantitative analysis of CFUs after immersing the two types of CLs tested (CLs1 and
CLs2) with S. epidermidis during 24 hours in LB (Control), CM-hUCESCs, CM-hUCESCs concentrated twice (CM-hUCESCs 23), and two commercial
contact lens solutions (CS A and CS B) (*P < 0.0001; ns: P > 0.05; n ¼ 3). (B) Representative images of (A) showing the CFUs on agar plates. (C)
CXCL10/IP10, CXCL8/IL-8, CXCL1/GRO-a, CXCL6/GCP-2, CCL20/MIP-3a, and CCL5/RANTES protein expression in culture medium (blue bars),
CM-hUCESCs (orange bars), and lyophilized CM-hUCESCs (LCM-hUCESCs; dark orange bars) after 48 hours of culture. Error bars represent mean
6 SD of signal intensity value as detected in RayBio human cytokine antibody array (*P < 0.0001).
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could induce higher basal levels of these cytokines compared
with those in NoTreat animals.
Thus, CM-hUCESCs seem to have factors that block the
proinflammatory effect of the medium alone. Some of the
proinflammatory factors blocked by CM-hUCESCs could be the
macrophage chemokine MIP-1a (also named CCL3), which is
known to induce corneal neovascularization in an alkali-injured
cornea by regulating the vascular endothelial growth factor
produced by the macrophages.41 Our results are in line with
previous studies using stem cells (rather than CM) showing
attenuated inflammation in the cornea as a result of inhibition
of the production of proinflammatory cytokines and infiltration
of inflammatory cells.9,11,46
Recent in vivo studies have shown beneficial effects of
treatment with mesenchymal stem cells in bacterial-induced
sepsis. 47–50 Some of these studies have hypothesized
immunomodulatory properties in stem cells by enhanced
phagocyte activity. Our data show that concentrated CMhUCESCs (23) have at least the same efficacy on S.
epidermidis as the commercial CL solutions tested. Given
that our experiments were carried out in vitro, the immune
responses of the host cells are not involved in the process.
Some substance or substances secreted by hUCESCs into the
medium must be responsible for this antibacterial effect. We
found that CXCL10/IP10, CXCL8/IL-8, CXCL1/GRO-a,
CXCL6/GCP-2, CCL20/MIP-3a, and CCL5/RANTES chemokines were present in higher levels in CM-hUCESCs as
compared with the control medium. It has been demonstrated that these chemokines have antibacterial effects against E.
coli and other strains of staphylococcus,51–55 suggesting that
a complex paracrine signaling network could be implicated
in the antibacterial potential of hUCESCs. However, we
cannot discard other factors such as lysozymes or antimicrobial peptides that have been found to be involved in this
process.56
According to our data, we may speculate that the
beneficial effect of CM-hUCESCs on corneal wound healing,
together with the anti-inflammatory and bactericidal properties, could make them a clinical alternative for people with
dry eye, corneal injuries, or allergies. In addition, CMhUCESCs could be used as a CL solution to prevent infections
and corneal damage derived from daily use of CLs. The source
of hUCESCs provides several advantages: It is less invasive and
less painful than other sources, such as bone marrow or
adipose tissue; it is available throughout the fertile life of
women; and high quantities with a high proliferation rate can
be isolated. In addition, from a clinical point of view,
administration of lyophilized CM-hUCESCs rather than CMhUCESCs could represent an important methodological
advantage because they can be kept ready to use without
loss of any of their properties. Further clinical trials should be
performed to corroborate our data.
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