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Hair growth-promoting effects of adipose tissue-derived stem
cells

To the Editor,

Adipose tissue-derived stem cells (ADSCs) can display multi-
lineage plasticity and share similar characteristics with bone
marrow-derived mesenchymal stem cells [1]. Moreover, ADSCs
have various cytokine-secreting properties and beneficial para-
crine effects on surrounding cells or tissues [2]. Recently, paracrine
function is considered one of the most important therapeutic
benefits of therapy using mesenchymal stem cells [3,4].

Regarding hair biology, several reports have demonstrated that
growth factors from the surroundings stimulate hair growth in ex

vivo and animal models [5,6]. We have identified secretory factors
derived from ADSCs by ELISA and proteomics previously, including
IGF binding protein precursors, PDGF, KGF, HGF, VEGF, and
fibronectin [7,8]. These factors are well-documented to be related
to hair growth stimulation [6]. To determine whether these
paracrine effects of ADSCs can promote hair growth, we
investigated the effects of ADSCs on hair.

Human ADSCs were cultured as previously described [9].
Subcutaneous adipose aspirates (n = 5, females, mean age = 43.8
years) were acquired during liposuction. ADSCs were isolated from
the aspirates by 0.075% collagenase type I (Sigma–Aldrich, St.
Louis, MO, USA) for 45 min at 37 8C, filtered through 70 mm mesh
filters, and mixed with a-modified Eagle medium (a MEM;
Invitrogen, Carlsbad, CA, USA), and then centrifuged. The ADSC
fraction (pellet) was washed, centrifuged at 1200 � g for 5 min,
and then resuspended in a-MEM with 10% FBS and cultured in 5%
CO2 at 37 8C. Adipogenic differentiation from ADSC toward
adipocyte was induced by insulin, dexamethasone, isobutyl-
methyl-xanthine, and indomethacin for 9–15 days.

For harvesting the conditioned media (CM), ADSCs
(5 � 105 cells) and mature adipocytes were cultured in a-MEM
serum-free medium. Conditioned medium of ADSCs (ADSC-CM)
and adipocytes (adipocyte-CM) were collected after 48 h, cen-
trifuged, and filtered using a 0.22 mm syringe filter.

As hair cycle changes involve rapid remodeling of both
epithelial and dermal components, proliferation of cultured
human dermal papilla cells (hDPCs) and immortalized keratino-
cytes, HaCaT cells, were studied. Human dermal papilla cells
(hDPCs) and HaCaT cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM; Invitrogen-Gibco-BRL) with 10% FBS. The
cell proliferation after ADSC-CM treatment was determined by
MTT assay using 3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyl-2H-
tetrazolium bromide. We used different sources of ADSCs for
independent experiments.

ADSC-CM treatment significantly enhanced proliferation of
hDPCs up to 130% at a concentration of 25, 50 and 75%, at 48 h,
while adipocyte-CM inhibited proliferation (Fig. 1A).
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to proliferation were analyzed by Western blot. Primary antibodies
against phospho-Akt (Ser473; Cell Signaling Tech., Inc., MA), Akt
(Cell Signaling Tech., Inc.), and phospho-Erk (Thr202/Tyr204; Cell
Signaling Tech., Inc.) were used. The level of pAkt was increased 24
and 48 h after ADSC-CM treatment compared to that of total Akt
(Fig. 1B). Moreover, the expression of pErk was clearly increased
with ADSC-CM, while total Erk remained unchanged.

Next, cell cycle analysis of ADSC-CM-treated hDPCs was
performed using a FACScan flow cytometer (Beckton-Dickinson,
CA). hDPCs (3.2 � 105 cells/dish) were starved to G1 arrest. Then,
media was replaced with serum-free media or 50% ADSC-CM for
48 h. ADSC-CM decreased the phase of cell growth (G1), while the
phases of DNA synthesis (S) and mitosis (G2-M) were increased
(Fig. 1C upper right panel). Subsequent Western blotting revealed
that expression of p21, p27, and CDK4 were not changed (not
shown), while cyclin D1 (Serotec, UK) and CDK2 (Santa Cruz
Biotechnology), cell cycle-related key molecules, were clearly up-
regulated by ADSC-CM after 24 h (Fig. 1C).

From the results presented here indicated that ADSC-CM led to
the increase in proliferation of hDPCs through the modulation of
the cell cycle. In addition, ADSC-CM activated both Erk and Akt
signaling pathways, which indicated the enhancement of survival
and proliferation of DPCs. DP size is reported to be well-correlated
with hair growth cycle, and the cell number of DP is increased in
anagen phase [10].

ADSC-CM also promoted the proliferation of HaCaT cells
significantly at a concentration of 10% to 30% (Fig. 1D). Since
ADSC-CM showed marked mitogenic effects on cells, we studied
the effects of ADSC-CM on hair shaft elongation. A total of 370
anagen hair follicles from 5 male volunteers (mean age = 34.8
years, 70–80 follicles per subject) were cultured in Williams E
medium (Gibco BRL, Gaithersburg, MD, USA) with 10 ng/mL
hydrocortisone, 10 g/mL insulin, 2 mM L-glutamine, and 100 U/mL
penicillin at 37 8C in a 5% CO2. After the addition of 12.5%, 25%,
37.5%, or 50% ADSC-CM to William’s E medium, the length of hair
follicles in 12.5% ADSC-CM-treated group significantly elongated
by 40%, as much as that in positive control treated with 1 mM of
minoxidil, compared to the control after 6 days (Fig. 2A).

The back skin of 7-week-old male C3H/HeN nude mice (Orient
Bio, Korea) was shaved (n = 48) and their hair follicles were
synchronized in telogen stage. ADSCs (5 � 105 cells/50 mL PBS) or
PBS were subcutaneously injected into dorsal skin every 3rd day
for 9 days. Concurrently, ADSC-CM (1 mL) or control medium was
topically applied on the back of the other C3H mice. After
intradermal injection of ADSCs on the back of C3H/HeN mice at the
age of 7 weeks, the conversion of telogen to anagen was induced
earlier than in controls (Fig. 2B upper panel). We also found
accelerated hair growths after topical application of ADSC-CM
(Fig. 2B lower panel). Histologically, the back skin of ADSC-CM-
treated mice showed increased number of hair follicles (Fig. 2C).
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Fig. 1. The effects of conditioned medium of adipose tissue-derived stem cells (ADSC-CM) on human follicular DPCs. (A) The separated ADSCs were maintained in a-MEM for

9, 12, and 15 days. Adipogenic differentiation from ADSC toward adipocyte was induced by adipogenic differentiation medium (insulin, dexamethasone, isobutyl-methyl-

xanthine, and indomethacin) for 9, 12, and 15 days. The conditioned media (CM) from cultured ADSCs and differentiated adipocytes in serum-free conditions were prepared

after 48 h incubation, respectively. Human DPCs were incubated with ADSC-CM and adipocytes-CM and proliferation was measured by MTT assay after 24 h and 48 h. ADSC-

CM treatment for 48 h significantly enhanced proliferation of cultured DPCs, while mature adipocytes inhibited proliferation. * p < 0.05 vs. negative control. Student’s t test

was used for statistical analysis. All results are the means of experiments performed at least in three or more independent experiments. We used different source of ADSC for

MTT assay of independent experiments. A ‘‘d’’ in this figure indicates the number of the days for induction toward mature adipocytes from ADSCs with adipogenic medium or

the days for maintenance of ADSCs. (B) The level of phosphorylated Akt was slightly increased in DPCs after ADSC-CM treatment (left panel). The expression of phosphorylated

Erk was clearly increased in DPCs with ADSC-CM incubation (right panel). (C) ADSC-CM led to the increase in proliferation of DPCs through the modulation of the cell cycle

(upper panel). ADSC-CM treatment on cultured human DPCs for 48 h led to the increase in S phase and reduction in G1 arrest (upper right) compared with control (middle).

Expression of cyclin D and CDK2 was clearly up-regulated by ADSC-CM treatment after 24 h (lower panel, Western blot). (CNT: control, ADSC-CM: ADSC-conditioned media

treated human dermal papilla cells). (D) HaCaT cells were incubated with ADSC-CM for 48 after 24 h’ starvation and proliferation was measured by MTT assay as well. ADSC-

CM promoted the proliferation of HaCaT cells significantly at a concentration of 10% to 30%. *p < 0.05 vs. negative control. All results are the means of experiments performed

at least in three or more independent experiments. We used different source of ADSC for MTT assay of independent experiments. Student’s t test was used for statistical

analysis.
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Fig. 2. The effects of adipose tissue-derived stem cells (ADSCs) on hair growth. (A) The effect of ADSC-conditioned medium (CM) on hair growth in ex vivo human anagen hair

organ cultures (n = 5, male occiput, mean age = 34.8 years). 12.5% ADSC-CM was added to the basal Williams E medium. One-half volume of a-MEM was mixed with Williams

E media as a negative control and minoxidil was added at 1 mM with Williams E as a positive control. We observed significant hair shaft elongation when 12.5% ADSC-CM was

added to conventional William’s E medium. Values were obtained after cumulative growth of more than 15 hair follicles per each growth condition for 6 days and shown as

the means � SEM. *p < 0.05 vs. negative control. Student’s t test was used for statistical analysis. Each of the five conditioned media of different ADSC was randomly applied to each

of scalp samples from different volunteers. (B) Hair growth stimulation by ADSCs in C3H/HeN mice. The induced hair growth was studied in 7-week-old C3H/HeN mice and hair

follicles were synchronously matched in telogen stage. ADSCs (5 � 105 cells) and PBS for control were intradermally injected into the dorsal skin of mice every 3rd day for 9 days.

Hair growth was observed for 12 weeks after the first injection compared with the PBS-treated control. Enhanced hair growth was observed in the ADSC-treated group vs. the PBS-

treated control after 12 weeks. Representative photos of ADSC injected mice (upper panel). For topical application group, to increase the skin absorption, a 0.2-mm mesoroller

(Moohan, Korea) was used 10 times prior to treatment for treatment group and control. Hair growth stimulating effect was evaluated by the darkening of skin color. After 12 weeks,

enhanced hair growth was also observed in the ADSC-CM topically applied group vs. control (lower panel). (C) Representative H&E stained sections of dorsal skin of control and

ADSC-CM treated mice. Histologic evaluation was performed on the back skin of mice, at 2 and 4 weeks after the first topical application of ADSCs-CM. The back skin of ADSC-CM-

treated mice showed increased number of hair follicles after 4 weeks (lower panel).
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CThese findings indicated that locally injected ADSCs and ADSC-CM
might stimulate hair growth in vivo. Although we are not sure this
phenomenon really exists in physiologic conditions, some
secretory factors from ADSCs might have more or less therapeutic
potential for hair growth. The results presented here suggest that
ADSCs promote hair growth by increasing the proliferation of
DPCs, and possibly epithelial cells, through modulation of cell
cycle, and activating anagen phase in hair cycles. Therefore, the
rational manipulation of ADSCs might be a promising tool for hair
growth promotion.
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