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Purpose: Regulatory T (Treg) cells, a type of immune cell, play a very important role in the

immune response as a subpopulation of T cells. In this study, we investigated the effects of

Treg cells conditioned media (CM) on cell migration. Various cytokines and growth factors

of Treg cells CM can effect on re-epithelialization stage during the wound healing.

Methods: Isolated CD4+CD25+ Treg cells from Peripheral Blood Mononuclear Cells

(PBMCs) were cultured and CM obtained. HaCaT keratinocytes were treated with various

concentration of Treg cells CM. Cell migration, proliferation and expression of proteins that

are related to the Epithelial-Mesenchymal Transition (EMT) process, matrix metalloprotei-

nase-1 (MMP-1) were analyzed.

Results: Above 90% CD4+CD25+ Treg cells were obtained from CD8+ depleted PBMCs

and the CM have various cytokines and growth factors.One percent and 5% concentration of

Treg cells CM increased HaCaT keratinocytes migration. The Treg cells CM stimulated

EMT, which led to the down-regulation of E-cadherin in the HaCaT keratinocytes at the

wound edge. The Treg cells CM increased MMP-1, which is involved in tissue remodeling.

Conclusion: Our results suggest that Treg cells CM which has various cytokines and growth

factors promote wound healing by stimulating HaCaT keratinocytes migration.

Keywords: regulatory T cells, cells conditioned media; CM, keratinocytes, migration, Epithelial-

Mesenchymal Transition; EMT, matrix mjetalloproteinase-1; MMP-1, wound healing

Introduction
The skin is the largest organ in the human body, and its main function is the

protection against external damage and changes in temperature and environment.1,2

The skin consists of two distinct layers: epidermis and dermis.3 The epidermis is the

outermost layer, and the inside dermis is supported by an extracellular matrix

(ECM) to provide cushioning and tensile strength of the skin.1 The epidermis is

composed mostly of keratinocytes, and cells multiply in the base layer and move to

the outer exfoliate layer to be naturally eliminated.1,4

Wounds are defined as abnormalities in the skin caused by trauma or disease. The

healing of the wound is very important because the persistence of such wounds can

prevent the skin from performing its full functions.5 The wound healing process can be

divided into hemostasis, inflammation, re-epithelialization, and tissue remodeling.6

The re-epithelialization stage is the process in which the epithelial cells move to

the wound surface and cover the wound.7 In this wound healing stage, keratinocytes

of epidermis are mainly involved. In order to create new epithelium at the wound
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site, keratinocytes undergo the process of migration, dif-

ferentiation, and proliferation.8 In this process, keratino-

cytes undergo Epithelial-Mesenchymal Transition (EMT),

a change from adherent phenotype to migratory

phenotype.9 During the EMT process, it leads to the desta-

bilizing of the adherent junction and down-regulation of

E-cadherin.9,10 The EMT process in wound healing is

essential and the response is controlled by matrix metallo-

proteinases (MMPs), adherent junction proteins such as

E-cadherin, transcription factors such as Twist, Snail.11–14

The MMP family is proteinases that are closely related

to ECM modeling.15–18 The ECM is degraded by various

proteinases. Type I collagen, which is most abundant in

skin, is resistant to most enzymes.19 Matrix metalloprotei-

nase-1 (MMP-1) is known to be primarily involved in the

turnover of collagen.19,20 The expressions of the MMPs

are controlled in a very complex manner. In general, basal

levels are maintained under normal condition, and selec-

tively expressed and activated when tissue remodeling is

required.17,18,21,22 In the wound healing process, protei-

nases are responsible for cell migration and tissue repair

by removing or remodeling epithelial and interstitial ECM

components.18

Immune cells play a very important role in wound

healing.6,23 Immune cells contribute to the removal of for-

eign antigens when wounds are formed and inflammatory

reactions occur.6,24 In addition, immune cells secrete a vari-

ety of growth factors and cytokines during the wound heal-

ing, which affects tissue remodeling and cell migration.24–27

The immune system is regulated by a very complex crosstalk,

which plays an important role in maintaining homeostasis.28

Regulatory T (Treg) cells, a type of immune cell, play a very

important role in the immune response as a subpopulation of

T cells. Treg cells suppress activation of the immune system

and prevent pathological self-reactivity such as autoimmune

disease.29 In addition to the direct response by the receptor,

such as CTLA-4, the ability of the Treg cells is also achieved

through the secretion of cytokines.30–33 Cytokines are essen-

tial for the interaction and communication of cells with each

other and are involved in cell migration, proliferation, and

inflammatory responses.34–38 The IL-8, for example, has

been reported to significantly increase the migration of

keratinocytes.39

Wound healing is a complex process. Impaired wound

healing can affect cosmetic problems such as scar formation,

as well as disease problems such as chronic inflammatory

reactions.40,41 In this study, we obtained conditioned media

(CM) through the culturing of Treg cells, a type of immune

cell, and confirmed the effects on the cell migration of

HaCaT keratinocytes by treating the Treg cells CM. During

the treating process, EMT and MMP-1 expression were con-

firmed to elucidate the mechanism of regulating wound

healing.

Materials and Methods
Materials
Dulbecco’s modified Eagle’s medium (DMEM), Penicillin-

streptomycin solution and Fetal bovine serum (FBS) were

purchased from Gibco (Life technologies Korea, Seoul,

Korea). 3-(4,5-dimethylhiazolyl-2)-2,5-diphenyltetrazolium

bromide (MTT), Bicinchoninic acid (BCA) solution,

Fluorescein isothiocyanate (FITC)-conjugated secondary

antibody, Sodium dodecyl sulfate (SDS), Dimethyl sulfox-

ide (DMSO) were obtained from Sigma-Aldrich (St, Louis,

MO, USA). Glyceraldehyde-3-phosphate dehydrogenase

(GAPDH) was obtained from Santa-Curz Biotechnology

(Santa Cruz, CA, USA). E-cadherin and MMP-1 antibodies

were obtained through Cell Signaling Technology (Danvers,

MA, USA). Enhanced chemiluminescence (ECL) reagent

was obtained from GE Healthcare BIO-Sciences

(Piscataway, NJ, USA). Anti-human CD4 FITC antibodies,

Anti-human CD25 antibodies, Staining buffers were pur-

chased from eBioscience (eBioscience, INC, San Diego,

CA). Treg sol was provided by IMMUNISBIO. Co. Ltd.

(Incheon, Korea) CD8+ T cell isolation kit was purchased

from MACS (Miltenyi Biotec, Auburn, CA, USA).

KBM502 medium was purchased from KOHJIN Bio

(Salcado city, Saitama, Japan). Human cytokine antibody

array 5 was purchased from RayBiotech (Raybiotech,

Norcross, GA, USA).

Culture of HaCaT Keratinocytes
HaCaT cells (ATCC12192), spontaneously immortalized

human keratinocyte cell line, were incubated at 37°C and

5% CO2 in 10% FBS DMEM (v/v), 100 U/L Penicillin,

100 μg/mL Streptomycin were added. And then, the cells

were incubated with 1% FBS DMEM for 24 hours before

the cells were treated.

Preparation of Treg Cells Isolated from

PBMCs and Conditioned Media
Treg cells were isolated from PBMCs. The depletion of

CD8+ T cells was performed using CD8 Microbeads and

the MS column with a good manufacturing practice pro-

cedure. The suspended cells in MACs buffer and CD8
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microbeads were mixed in a 4:1 ratio to remove CD8+

cells. CD8+ depleted unstaining cells were obtained by

MS column. The obtaining cells were incubated with

Treg sol that was specially made for Treg differentiation,

L-glutamine, and plasma in KBM502 medium at 37°C, 5%

CO2, for 2 days with 2.0×107 cells/flask. The Treg sol was

provided by IMMUNISBIO. Co. Ltd. After that, the sub-

culture was performed every two or three days and also

added the Treg sol at same time. After 14 days of incuba-

tion, we centrifuged cell suspension of cells at 500 × g and

supernatant was obtained as Treg cells CM.

Flow Cytometry
For staining of Treg cells, cells were harvested and

washed. And centrifuged at 350 × g for 5 min and resus-

pended in ice cold FACS buffer. Flow cytometry to con-

firm surface expression of CD4, CD8, CD25 molecules

was performed after a 30 mins incubation at 4°C in the

presence of saturating concentration of antibodies. After

washing, Treg cells were fixed by intracellular fixation

buffer for 30 mins at room temperature. Then cells were

reacted with Permeabilizatioin buffer and Foxp3 antibody

for 30 mins at room temperature. The washed and stained

cells were analyzed using FACS analysis by BD AccuriTM

C6 Plus.

Cytokine Array
The CM obtained from the Treg cells was tested according

to RayBio® C-Series Human Cytokine Antibody Array C5

kit manual. Briefly, each cytokine array membrane was

blocked for 30 mins at room temperature with a blocking

buffer and then reacted overnight at 4°C with Biotinylated

antibody cocktail. After washing, the reaction was over-

night at 4°C using HRP-streptavidin solution. After wash-

ing the membrane, the reaction of mixture buffer was done

for 2 mins at room temperature and detected using

Davinch-chemidoc (Davinch-K, Seoul, Korea).

Cell Proliferation Assay
HaCaT cells were cultured at 10% FBS DMEM for 24

hours with 8.0×103 cells/well in a 96-well culture plate,

followed by 1% FBS DMEM for 24 hours. Thereafter,

HaCaT keratinocytes were treated with Treg cells CM of

various concentrations in 1% FBS DMEM for 24 hours,

and then the viability of the cells was determined by MTT

assay. In brief, 10 μL of 5 mg/mL MTT solution in

Phosphate-buffered saline was treated in each well and

incubated at 37°C for 4 hours. The generated formazan

was dissolved in 200 μL of DMSO and the absorbance

was detected at 560 nm.

Scratch Assay of Cell Migration
To measure the migration of HaCaT keratinocytes treated

with Treg cells CM, we used Scratch assay. The HaCaT

keratinocytes were cultured 95%~100% confluence and

treated with Treg cells CM for 24 hours before scratching

the cells monolayer. Using a 200 μL plastic pipette tip, we

created a straight scratch and washed it with PBS to

remove the cells debris. Then they were incubated with

fresh medium without Treg cells CM. After 24 hours,

images were taken at the same location using an

Olympus CKX41 microscope and an IMT cam 3 digital

camera (Olympus Corp, Tokyo, Japan). The migration rate

of the cells was measured using ImageJ software to deter-

mine the area reduction rate of the scratched area.

Western Blotting
Whole cells were lysised using a Radioimmunoprecipitation

assay (RIPA) lysis buffer (150 mM NaCl, 1% Triton X-100,

0.5% Sodium deoxycholate, 0.1% SDS, 50 mM Tris-HCl,

pH 8.0) containing a Protease/phosphatase inhibitor cocktail.

After obtained proteins, concentration was measured using a

BCA reagent. In brief, media or lysate proteins were sepa-

rated into 10% SDS-polyacrylamide gel electrophoresis

(SDS-PAGE) gel and transferred to Polyvinylidene fluoride

(PVDF) membrane. Proteins transferred to membrane were

treated with 5% Skim milk in Tris-buffered saline containing

0.1% Tween 20 for non-specific blocking. Blot was reacted

with an appropriate concentration of primary antibody at 4°C

for 12 hours. Then, Horseradish peroxidase-conjugated sec-

ondary antibody was reacted for 2 hours at room temperature

and detected using ECL reagent. Bands were densimetrically

quantified using ImageJ software.

Immunofluorescence Staining of E-Cadherin
HaCaT keratinocytes cells were cultured to be 95% to 100%

confluence on glass coverslips at 6 well plates. After 24 hours

of treatment with various concentrations of Treg cells CM,

the cells monolayer was linearly scratched using a 200 μL
plastic pipette tip. HaCaT keratinocytes were washed with

PBS and incubated with fresh medium for 24 hours.

Thereafter, incubation was performed with 1% Bovine

serum albumin in PBS with 0.1% Tween 20 for 30 mins.

The reaction was carried out at 4°C for 12 hours using an

E-cadherin antibody, and then, FITC-conjugated secondary

antibody for 2 hours at room temperature. FITC fluorescence
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images were obtained using a LEICA DMi8 fluorescence

microscope (Leica microsystems, Wetzlar, Germany).

Statistical Analysis
Statistical analyses were performed using the Student’s

t-test. A P-value (< 0.05) was considered significant for

all tests. The results were expressed as the means and

standard deviations. All experiments were performed in

triplicate at least.

Results
Characteristics of Regulatory T Cells and

Conditioned Media
Culture of cells isolated from CD8+ depleted PBMCs treated

with Treg sol in the KBM502 medium allowed us to get a

population of Treg cells. Treg cells were expressed CD4+,

CD25+, Foxp3+ (Figure 1). The X chromosome-encoded

forkhead transcription factor, Foxp3, was recently identified

as a key player in Treg cells.42 The Foxp3 is the master

regulator of regulatory pathways in the development and

function of regulatory T cells.42,43 As shown in Figure 1,

CD4+CD25+ Treg cells accounted for 94.6% of CD8+

depleted PBMCs, and 87.98% of isolated CD4+CD25+

Treg cells expressed Foxp3. This Foxp3 population is

responsible for the actual regulation of immunity. However,

in the cells not treated with Treg sol, the proportion of CD4

+CD25+ cells were hardly differentiated to 1.6%, and the

expression rate of Foxp3 was rarely expressed as 1.04%.

Regulatory T cells not only show a direct self-tolerance

effect, but also secrete various substances such as cyto-

kines, growth factors to affect other immune cells.44–46

Cytokines are a category of signaling molecules that reg-

ulate immunity, inflammation and hematopoiesis.47,48 The

cytokine array was performed to identify cytokines con-

tained in Treg cells CM. Our results show that the

Figure 1 Flow cytometry of CD4+CD25+Foxp3+Treg cells that cultured after depletion of CD8+ T cells from PBMCs. CD8+T cells were eliminated from PBMCs by MACS

separation methods. CD4+CD25+ Treg cells were incubated with Treg sol in KBM502 medium. After 14 days, Cultured Treg cells were analyzed by BD Accuri TM C6 Plus.

(A) Portion of CD4+CD25+Foxp3+ cells after 14 days of culture without Treg sol in KBM502. (B) Portion of CD4+CD25+Foxp3+ Treg cells after 14 days of culture treated

with Treg sol in KBM502.
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expression levels of IL-6, IL-8, IL-10, IL-13, VEGF, IP-

10, MCP-1 and RANTES are significantly increased

(Figure 2). IL-6, IL-8, IL-10, IL-13, IP-10, MCP-1 and

RANTES are reported that increase cell migration, espe-

cially the migration of keratinocytes.39,49-51 Through

Cytokine array, we demonstrated that IL-6 was increased

by about 70 times, and IL-8, IL-10, IP-10, MCP-1 and

RANTES were increased by about 40 times, over the

basal.

Treg Cells CM Effects on the Cell

Proliferation
We performed The MTT assay to determine the viability

effect of Treg cells CM on HaCaT keratinocytes. The

Figure 2 Cytokine array of Treg cells CM. Treg cells isolated from PBMCs were incubated with KBM502 medium. (A) Treg cells CM was detected by Davinchi Chemi doc.

Left image is the results of media only (Control), right image is the results of Treg cells CM. (B) The table shows the cytokine sites of each dot about (A). (C) Relative

intensity of each cytokine was determined by Densitometric analysis. (n = 3).
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groups treated with Treg cells CM showed a slight

decrease in cells proliferation compared to untreated con-

trol in dose-dependent manner. In 0.5% and 1% Treg cells

CM treatment groups, there was no significant difference

compared to the Control. The cells treated with Treg cells

CM for 24 hours showed a slight reduction in cells pro-

liferation, 91.7±8.5% at 5% Treg CM (p < 0.01), 91.3

±5.7% at 10% Treg cells CM (p < 0.001) and 74.3±6.8%

at 20% Treg cells CM (p < 0.001) (Figure 3).

TregCells CM Stimulates theCell Migration
We also performed a Scratch cell migration assay to deter-

mine the migration rate of HaCaT keratinocytes. The HaCaT

keratinocytes were cultured 95%~100% confluence and trea-

ted with Treg cells CM for 24 hours before scratching the

cells' monolayer. Cell migration were confirmed by measur-

ing the reduction of scratch area (Figure 4A). HaCaT kerati-

nocytes treated with Treg cells CM increased reduction of

scratch area compared to untreated control groups. Figure 4B

showed that pretreatment of Treg cells CM increased cell

migration (Figure 4B). Taken together, these results suggest

that treatment within 5% of Treg cells CM significantly

increases cell migration without affecting the proliferation

of HaCaT cells.

Treg Cells CM Stimulates EMT of HaCaT

Keratinocyte
During the EMT, epithelial cells undergo cytoskeleton rear-

rangement, weaken cell-to-cell junctions, apical-basal

polarity, and ECM binding, and gain motility, one of the

mesenchymal features.9,11,52,53 In general, studies related to

EMT confirm the expression of epithelial markers such as

E-cadherin.9–11 We confirmed the expression of the marker

protein of EMT to see the effect of Treg cells CM on HaCaT

keratinocytes. Figure 5 is an Immunofluorescence image of

E-cadherin, an epithelial cells marker. HaCaT keratinocytes

were treated with Treg cells CM for 24 hours and then cells

monolayer was scratched. After culture for 24 hours, immu-

nostaining was performed. There was a significant reduction

in dose-dependent manner of E-cadherin in HaCaT keratino-

cytes pretreatment with Treg cells CM. These results show

that treatment of Treg cells CM can stimulate migration of

HaCaT keratinocytes by promoting EMT at the wound site.

Treg Cells CM Reduces Expression of

Matrix Metalloproteinase-1
MMPs play an important role in the wound healing by

enabling cell migration and tissue remodeling through

modifying the wound matrix.15–18 The MMP-1 cleaves

Type I collagen to produce cleaved fragments and makes

them low adhesive binding ligand. Thus, the ability of this

MMP-1 loosens the binding with the ECM and causes

cellular movement.19,20 The Western blot was performed

to investigate the MMP-1 expression from HaCaT kerati-

nocytes treated with Treg cells CM. Figure 6 shows that

treatment of Treg cells CM for 24 hours significantly

increases both expression and secretion of MMP-1 in

dose-dependent. These results show that treatment of

Treg cells CM activates ECM degradation and remodeling

at the wound site.

Discussion
The wound healing process is very complex and finely

controlled by the involvement of various factors.11–14

During the wound healing process, keratinocytes migrate

to the wounding site and participate in re-

epithelialization.7,8 EMT is essential for keratinocytes to

have motility.9 EMT causes cells to have motility,

decreases the expression of epithelial marker proteins

and increases the expression of mesenchymal marker

proteins.54 MMPs degrade ECM and perform tissue

remodeling of the wound sites during healing.15–18,21,22

When the wound forms and an inflammatory reaction

occurs, the immune cell contributes to the wound healing

by secreting various Cytokines and growth factors.24,26,27

Treg cells play an important role in immune response, not

Figure 3 The effect of Treg cells CM on the cell proliferation of HaCaT keratinocytes.

HaCaT cells were incubated with indicated concentration of Treg cells CM in 1% FBS

DMEM. Proliferation of HaCaT keratinocytes was determined by MTT assay after 24

hours treatment of Treg cells CM. The results were expressed as the means and

standard deviation (n = 4). **P < 0.01; ***P < 0.001 versus no-treatment control (Con).
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only in the direct interaction by CTLA-4 but also in the cell

migration, wound healing, and being involved in inflamma-

tory reactions by secreting various cytokines.29–38 As shown

in the cytokine array (Figure 2) which confirmed the cyto-

kines contained in CM obtained by culturing Treg cells, it is

shown that Treg cells CM contains a large amount of IL-6,

IL-8, IL-10, etc. and these cytokines increase cell migration

of keratinocytes.39,49,50 Therefore, it is thought that Treg cells

CM can implicate the wound healing. However, there is little

research on the effects of cell migration using Treg cells CM.

Because cell migration is essential for the wound healing

process, we identified cell migration, EMT marker protein,

and MMP expression in Treg cells CM. As shown in our

results, Treg cells CM increased cell migration without

affecting cells proliferation (Figures 3 and 4). At 5% treat-

ment of the Treg cells CM, there was a slight decrease with-

out significant difference in viability of the cells, but the

wound closure showed the maximum rate at that concentra-

tion. These results show that treatment within 5% of Treg

cells CM can increase the migration of keratinocytes and

have an effect on the wound healing without significantly

affecting cells viability.

Figure 4 The effect of Treg cells CM on the cell migration of HaCaT keratinocytes. The indicated Treg cells CM treated for 24 hours. Confluent HaCaT keratinocytes

monolayer about 95%-100% were scratched. And the scratched cells were incubated in fresh medium without Treg cells CM. (A) Microscopic images were obtained

immediately on monolayer of scratched cells after 24 hours. (B) Cell migration was determined by measuring the reduction of the scratched area. The results were

expressed as the means and standard deviations (n = 3). *P < 0.05; **P < 0.01 versus no-treatment control (Con).
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Since EMT is essential in cell migration, we confirmed

the expression of E-cadherin, an epithelial marker protein,

by Immunofluorescence. The E-cadherin is an adherent

junction protein that functions to maintain cell-to-cell

junction and epithelial phenotype.55 As shown in our

experimental results, the intensity of E-cadherin in

HaCaT cells treated with Treg cells CM decreased dose-

dependently. This shows that keratinocytes from which

EMT has been induced gain motility, and enable cell

migration.

In the tissue remodeling stage, MMPs reduce the adhe-

sion of keratinocytes and ECM, allowing the migration of

keratinocytes and restructuring tissue.15,16 MMP-1

degrades collagen, which accounts for the majority of

skin ECM, and plays an important role in cell signaling

by being involved in the secretion of various growth

Figure 5 The effect of Treg cells CM on down-regulation of E-cadherin in HaCaT keratinocytes. HaCaT keratinocytes were cultured on glass cover slips with the indicated

concentrations of Treg cells CM for 24 hours. The cell monolayer was scratched and incubated with fresh medium without Treg cells CM for 24 hours. (A) E-cadherin was

detected by Immunofluorescence staining. (B) Relative intensity was determined by Densitometric analysis using ImageJ software. The results were expressed as the means

and standard deviations (n = 3). *P < 0.05, ***P < 0.001 versus no-treatment control (Con).
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factors and cytokines.16,19 Our results show that the treat-

ment of Treg cells CM affects the expression and release

of MMP-1. The treatment of Treg cells CM in keratino-

cytes increased the release of MMP-1 (Figure 6). The

results show that the Treg cells CM can increase both

expression and release of MMP-1 to affect cell migration

and ECM degradation. However, our study does not

include the mechanism by which Treg cells CM affects

HaCaT keratinocytes. So we need to find out more about

which signaling pathway, by which Treg cells CM influ-

ences keratinocytes.

Conclusion
Our results demonstrated that Treg cells CM have various

cytokines and growth factors. And our results showed that

Treg cells CM stimulates migration of HaCaT keratino-

cytes by EMT and up-regulation of MMP-1. These mean

that Treg cells CM which have various cytokines and

growth factors mixture stimulates cell migration and so

can promote wound healing.
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