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Liver Regenerating Potential of the Secretome Obtained from
Adipose-derived Stem Cells Cultured under the Hypoxic Environment
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Background: The stem cell-derived secretome has received considerable attention as an alternative to stem cells for therapeutic
applications. However, establishing optimal culture conditions is key to obtaining appropriate secretome contents. Here, the opti-
mal culturing environment for achieving a high-efficiency secretome was determined via hypoxic preconditioning of human adi-
pose-derived stem cells (ASC).

Methods: Normoxic conditioned media (NCM) and hypoxic conditioned media (HCM) were obtained after culturing human ASCs
under normoxia (20% O2) or hypoxia (1% O), respectively. Subsequently, both normal and thioacetamide-induced hepatotoxic
hepatocytes were treated with NCM or HCM. In addition, partially hepatectomized mice were infused with control saline, NCM,
and HCM. The effects on liver regeneration and serum transaminases levels were then compared.

Results: Hypoxic preconditioning significantly increased mRNA expression of proinflammatory cytokines (interleukin-6 and tu-
mor necrosis factor-a) and growth factors (hepatocyte growth factor and vascular endothelial growth factor). In both normal
and thioacetamide-induced hepatotoxic hepatocyte (alpha mouse liver 12 [AML12]) cell lines, HCM treatment resulted in the
highest cell viability (122% and 95%, respectively), followed by NCM (111% and 78%, respectively). In addition, intravenous admin-
istration of HCM to partially hepatectomized mice resulted in substantially enhanced liver regeneration compared with the NCM
group (P<0.05).

Conclusions: Taken together, the secretome obtained from ASC with hypoxic preconditioning showed potential to alleviate liver
damage both in vitroand in vivo. Hypoxic culture of ASC is expected to play an important role in regenerative medicine by inducing
secretome production that is beneficial for improving liver regeneration.
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Fig. 1. Effect of hypoxia on the expression of cytokines and growth factor in adipose-derived stem cells (ASCs). (A) Real-time quantitative
polymerase chain reaction analysis of hypoxia preconditioning ASCs. (B) Western blotting of ASCs under normoxia and hypoxia. (C)
Enzyme-linked immunosorbent assay analysis for measure secreted interleukin-6 (IL-6) levels in normoxic and hypoxic condition of ASC.
Values represent mean =SD of three independent experiments. Abbreviations: GAPDH, glyceraldehyde 3-phosphate dehydrogenase; TNF-a,
tumor necrosis factor o; HGF, hepatocyte growth factor; VEGEF, vascular endothelial growth factor; p-Erk, phosphorylated extracellular
signal-regulated kinase; Erk, extracellular signal-regulated kinase; p-STAT3, phosphorylated signal transducer and activator of transcription
3; STATS3, signal transducer and activator of transcription 3. *P<0.05.
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Fig. 2. Effect of hypoxic conditioned media (HCM) on mouse hepatocyte (alpha mouse liver 12 [AML12]) cells. (A) Cell viability assay
showing dose-dependent effects of the hepatotoxic molecule thioacetamide (TAA) on mouse hepatocyte AML12 proliferation. (B) Western
blotting of AMLI12 cells under series concentration of TAA. (C) Relative densities of proliferating cell nuclear antigen (PCNA) according
to TAA concentrations. (D) Effect of HCM on TAA-treated or untreated AMLI12 cells viabilities. (E) Effect of HCM on TAA-treated
AMLI12 cells. (F) Relative densities of PCNA in each group. Values represent mean+SD of three independent experiments. Abbreviation:

NCM, normoxic conditioned media. *P<0.05.

JKST 17



J Korean Soc Transplant - March 2016 - Volume 30 - Issue 1

1. SAA2

ARATY EHAL PP REUA R e
A7 o] AHAo] d== 73‘—‘,’—°ﬂ% unpaired Student t-test
2 $ARA) ol AAT, BIATRES vf2E A 2o]
EH?:‘H@ Wilcoxon ran-sum testS ©]-83}o] &3}t &
A 2o Z SPSS ver. 18.0 (SPSS Inc., Chicago, 1L,
USA)E ol g, Pgto] 0.05 uliHel Z-9.0] $oj40]
Sl Aoz WA

2 I

1. MArA BiFO| ASC2| mRNA wal U CHHX BH[of O

e 21

A4ka v Fo] ASCofl mA= d&= FHlstalap ASC
S Ak oA 2447 Wit F, FSHE A=
91(IL-6 9 TNF-o) ¥} A %HS1AHHGF ¥ VEGF) 2] mRNA
UHS gRT-PCRE 215kt ASCE AJ4ba 2ol A
Ui RS wioll g4 At EetollA o ASCET Abo] =7}

Q1) 4J7helate] mRNA HHglo] ju|g)A] Z7hshelekp
<0.05) (Fig. 1A). Extracellular signal-regulated kinase
(ERK) 4157 W STAT3 A5 A7} A|222] A4t 540
Tt &S vk dEA Q7] wiell(20), oo -2
= ASCE AAkA Holoj| Al vjek3lg ufjo) Erkel STAT3
HF3]-S- Western blot © & ZFQI5}¢i T} ASCE] A A4 Hj
Erk @} STAT39] QIAFS}E F7FA % th(Fig. 1B). th
Artas EFo 2 ASCE Hile W ASCERE o

o o2 1o
7 MIO ml

~

o
=

A a
a
100 - [ Control
l 1 NCM
804 B HCM
)
£ a
& 60+ —
[(e}
=
o 40
[2]
>
]
=
20
o | -
1 day 2 day 3 day

i

TR Al E7FQIQI IL-69] Fuof ojH JFFS u|X|=

| ot gktt. ASC7} #H]éh= IL-69] =& &1ty
918l ELISAZ #ﬁé‘?‘& A}, ASCO| AA4kax fQol|A 9] v
OF2 [L-69] = E §-251A Z=7X (5.3 ng/mL vs. 17.6
ng/mL, P<0.05)< Q]"ﬂﬁ}‘ﬁli}(ﬁg. 10).

N

- —

2. HCM X7 24
e 2at
NCMz} HOM7} 74| o]] 1] 2= 98ke ©

LM ZEZ2 M ZE HZE I XA Of

ol 1A A
Al 22 AbE] mpO A ZRA|SEO] AMLI2 Ao ZF2Fe] CM
S A2sto] ME WZELT} AR FE A A}l PCNA chul bh
A It TAAS thefgt H=(0~100 mM)=
AMLI2 Ajzof 24A17F 52t A2 F A|2zo] HE2E&3t

PCNAE ZAFSHITE TAAE = o]&F oz AMLI2 A
o AEET PCNA ol Wd&  7HaA|AcHFig.
2A-C).

S AMLI2 A2 YELS 51.4%2 ﬂiA]
71= TAA HE(50 mM)E 5 &4
REEE=H o]8st 3l

thg o= TAA X3 AMLI2 A ZoA NCM
NCMe] 2| & #7}e] 2}o]E H]walgle}. TAA 50 mM ]
2t} AMLI2 AlES £AIZ ), Z2he] A YEe

po=)

< vkt AASE Y] RS 100%= SH4tsto] Al
2 QEES VSRS W, YA 9 &AM 2204 HCM
< AEgh wto] 7P B2 AEEE B o (4 122%
2 95%), ThS o2 NCM X8| (;m 111% and 78%)x}
2 22 (22 100% and 74%) 0.2 e AELS 1)
B

70 7 — ] Control

1 NCM

60 Bl HCM
-
E 50+ .
g [
5 404
L
Z 30 ]
Q
3 20- =
=

0 T T

1 day 2 day 3 day

Fig. 3. Hypoxic conditioned media (HCM) effects on inflammation in the liver of partially hepatectomized mice. (A) Enzyme-linked
immunosorbent assay (ELISA) analysis for the serum levels of interleukin-6 (IL-6) in each group at 1, 2, 3 days after infusion. (B) ELISA
analysis for the serum levels of tumor necrosis factor oo (TNF-a.) in each group at 1, 2, 3 days after infusion. In the experiment presented
in (A) and (B), each group included 20 mice at each time point (80 mice in total). Values represent mean=+SD. Abbreviation: NCM,

normoxic conditioned media. *P<0.05.
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Fig. 4. Hypoxic conditioned media (HCM) effects on liver regeneration in partially hepatectomized mice. (A, upper) Immunohistochemical
stain of Ki67 (regeneration marker) in the liver specimens of each group at 1 day after infusion. (A, under) Percentage of Ki67 positive
cells in each group at 1, 2, 3, and 7 days after infusion. (B, upper) Immunohistochemical stain of bromodeoxyuridine (BrdU; regeneration
marker) in the liver specimens of each group at lday after infusion. (B, under) Percentage of BrdU positive cells in each group at 1,
2, 3, and 7 days after infusion. (C, upper) Western blotting analysis for expression of proliferating cell nuclear antigen (PCNA; liver
regeneration marker) and phosphorylation of signal transducer and activator of transcription 3 (STAT3) at 2 days after infusion. (C, under)
Relative densities of these markers in each group. (D) Comparison of liver weight to body weight of each group at 7 days after infusion.
In the experiment presented in (A) to (D), each group included 20 mice at each time point (80 mice in total). Values represent mean +SD.
Abbreviations: NCM, normoxic conditioned media; p-STAT3, phosphorylated signal transducer and activator of transcription 3. *P<0.05.
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Fig. 5. Hypoxic conditioned media (HCM) effects on hepatic function in partially hepatectomized mice. (A) Serology tests of aspartate
transaminase (AST) in each group. (B) Serology tests of alanine transaminase (ALT) in each group. In the experiment presented in (A)
and (B), in the serologic tests, each group included 5 mice (20 mice in total). Values represent mean+SD. Abbreviation: NCM, normoxic

conditioned media. *P<0.05.
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