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§ R R g it (renal interstitial fibrosis, RIF) & % % % II% (chronic kidney disease,

CKD) ¢ B2 i B4/ CKDF%F/%*”#EL?'ﬁF*f/?s B 2016 & i
9.8% I & FIT U ~ FREGHE TRBES LA FLF 542 Fo- «CKD ¥
Bt ¢ ERADTRB SR> S R RS A DRSS A ARy B

PR L f LR E A 2 TRR et A DY RIS DTG ot 2 F R e £ kiR
*2 (amniotic fluid stem cells, AFSCs) FIfs* * #o i GRE ML RE S5 B2 b 'k
FEFHAARME S RKRPEZF L2 MR 0 2 BRI @B THF2REF ERAE
HH 4D 5% EARES&EEY SR L BPR23 k2 AFSCs 17 1F (5% 02) fie
®isE T H PR ﬁl%lfjcg L FE. (unilateral ureteral obstruction, UUO) 51% RIF 2.+ & #i¢
Ao RO E e b & AFSCs 2 o i@ B4t 2 RIF J5%
oA e

R A DML T - I ME B A2 L B X KiFmre (ratamniotic fluid stem
cells, ”AFSCs)t H iz {2 ~ zm 2 o Vi 2 5 pIRE *~ RUPp X RA 2 iz %
* ¥ % (normoxia, Nor) 19.99% O, 2 <% (hypoxia, Hyp) 5% O2 3% - & % &1 > Nor-
rAFSCs # Hyp-rAFSCs S ¥ #1832 % » % B LA 2 e 2 BAEk 2 » 4 £ 2 o
SRR P A o B fEAIE 2 rAFSCs (P11) MmNz R 74 7% % &7 > Hyp-
rAFSCs 2_wm®z 2} it & ¥ #2 Nor-rAFSCs /] (P<0.05)> ® " CD29 2 CD90 z. 43L&
% 3 B> NorrAFSCs 2z 4#%' > @ # octamer-binding transcription factor 4 (Oct-4) 2
FIARE B F 7B F P FH 4 (P<0.05); > Hyp rd2"F B ¥ #F rAFSCs 2
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ABSTRACT

Renal interstitial fibrosis (RIF) is a main progression pathway of chronic kidney disease
(CKD). Besides, CKD is a common chronic disease in Taiwan and its prevalence rate was 9.8%
in 2016. Moreover, mortality caused by nephritis, nephrotic syndrome and nephropathy were
ranked as one of the top ten causes of death in the same year. If CKD is severe, it will lead to
end-stage of renal failure, and therefore the treatment now is mainly based on hemodialysis or
peritoneal dialysis or kidney transplantation. Previous researches confirmed that stem cells
have the clinical potential of tissue regeneration and are expected to find more effective
alternative therapies. Application of amniotic fluid stem cells (AFSCs) do not have ethical
dispute and the risk of teratoma formation, besides, ASFCs have advantage such as low
immunogenicity, easy and non-invasive accessibility. In addition, environmental oxygen
concentration of fetal development process is only about 4 to 5%. For this reason, the aim of
my research intended to isolate AFSCs from amniotic fluid of fetus during pregnant rats, treat
it by hypoxia and then transplant it to RIF models induced by unilateral ureteral obstruction
(UUO) in order to discuss whether hypoxia-treated AFSCs can maintain their stemness,
proliferation and differentiation potentials, even increase feasibility of RIF treatment after
AFSCs transplantation.

There were two parts of experiment. In part one, I investigated the effect of hypoxia on
stemness, proliferation and differentiation potentials of rAFSCs. After isolated rAFSCs from
amniotic fluid of fetus during pregnant rats, cultured them under nomoxia (Nor) 19.9% O, and
hypoxia (Hyp) 5% Oz respectively. The result demonstrated that both Nor-rAFSCs and Hyp-
rAFSCs showed spindle-like morphology of fibroblasts and their growth direction exhibit
spiral order in subculture. Moreover, Hyp-rAFSCs presented significantly smaller morphology

than Nor-rAFSCs (P <0.05), had higher expression of surface markers such as CD29 and CD90
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by flow cytometry, and even exhibited higher Oct-4 gene expression fold change than the latter.
Simultaneously, Hyp-treatment significantly increased proliferation rate of Hyp-rAFSCs (P <
0.05). Furthermore, it showed that Hyp did not significantly increased adipogenesis but
significantly decreased osteogenesis of Hyp-rAFSCs (P < 0.05), and even caused Hyp-rAFSCs
did not form chondrogentic sphere. As a result, I speculated Hyp-treatment might lowered the
potentials of Hyp-rAFSCs to differentiate into cartilage and osteoblasts. In part two of
experiment, I further investigated whether the rAFSCs and rAFSCs-conditioned medium under
hypoxia can alleviate the renal interstitial fibrosis of rat by tail vein injection. After 1 and 2
weeks of transplantation, rats were sacrificed and isolated kidneys for analysis. First, no matter
Nor or Hyp-treated rAFSCs or CM groups, their left kidneys showed ectatic morphology due
to urine accumulation after 1 and 2 weeks of transplantation. Next, stained renal tissues with
H&E and Masson’s Trichrome stain for histological examination. The results demonstrated
that infiltration of inflammatory cell in H&E stain, showing renal tissues were damaged.
Besides, transplanted Nor or Hyp-treated rAFSCs or CM had alleviated trend on rat RIF after
1 week, and except Nor-CM group, other transplant groups had alleviated trend on fibrosis
after 2 weeks. Moreover, analysis of fibrosis related gene such as TGF-B1, collagen I and a-
SMA mentioned that except the Nor-rAFSCs group, others had lower trend of fibrosis related
gene expression after 1 week-transplantation. However, fibrosis related gene expression fold
change in minority of groups were similar to vehicle groups, majority of groups were higher
than vehicle group instead after 2 weeks. Therefore, it was speculated that rAFSCs or their CM
could not improve RIF in vivo for two weeks, which may be related to the survival time of
allogeneic stem cells and decay of their secreted factors in the host.

In summary, Hyp-treatment has the advantage of increasing the proliferation rate of

rAFSCs, which means Hyp is beneficial to rAFSCs proliferation in vitro. Simultaneously, Hyp-
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treatment could also increase the ratio of typical stem cell surface antigens such as CD90,
MSCs surface antigens such as CD29, the gene expression fold change of stemness and
pluripotency related molecular markers such as Oct-4, and reduce the osteogenesis potential of
Hyp-rAFSCs. Besides, the therapeutic effect of Hyp-rAFSCs and Hyp-CM on RIF rat only had

alleviated trend after one and two-week-transplantation.

Key words: renal interstitial fibrosis, amniotic fluid stem cells, hypoxia, normoxia
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¥ - i Bk
2 2013# » >3 CKD 2 g it 8 3 16%(Jhaeral,2013) » HR E 75 A 3
T2 R BFle g s Ao it s R (diabetes Mellitus, DM) £ § & B
(hypertension, HTN) 2. f 7 5 4F § 3 40 ~ 9L & (myocardial infarction, MI) £2 %5
B2 ipf 2l pFrplrc cn ARGEHFHEAL BT RBLPEH R o
b CKD 7 4 & B2 WA B - o RBEFLETRIENEEF TR 4
733 2016 #:E 9.8% 0 B & F|F L~ %’“Iﬁifﬂ"f%ﬁ %"f[ﬁi%%&i?* B B N2
R ] ER
TRt (renal interstitial fibrosis, RIF) 5 CKD B2 1 £/2 > g 4 T
T4EH o T 5IiE RS (glomerular filtration rate, GFR) i 4= B # 1 F M3t 60
mL/min/1.73 m?> ¢ F xR # BHAH G RERAD PR XPREMEERADT RS
RS R N UTREABEL L B d p?;?}gk AR m K e
£ A2 TRE T BA o Fla g A R AR $rieie 2 SR o B 35 IR e e N TR B R b
B2 ER PR ERG 2R N R B F 0 X kiR S E ko
i 1R 2 FHATS LR TATH o LA 5 e S T e L

et P REREERZ YR B EL 2P I RAG I GISBELR G TR

\;«‘

%
BRME - RRBERE D ME APPSR Fpe 4 A7 Bon AFSCs 2 #4818
RIF 2 i&4% (daSilva et al.,2015; Sedrakyan et al.,2012; Sun et al., 2013) » 8@ » — ¥
R A2 B > B AR YL N A SR E T ERZ 4 210
BT anHmAR Lo frme i F VRS e ERABWESHHE MK Maetal.,
2009) ©
oot > AFSCs #ecd RIF 23 - 220 %4 B 2%E 25 ER LT

BPE B L § AT dvo FH K AFSCs &7 M5 RJLis £ #-H B 151 Tk A i
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FNE RPN RBGME RIS 2 AFSCs £ F ¥ R AR 2 AFSCs it 2

o ¥ ITL Ak AFSCs * ek B* F 2 %4 o
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21 FRIEBHE A

2.1.1 B2 A8

ARETHA I ER £ 10 212 245 £4 150 25 v F e Rz sy
fSRE> Ty 12 e % 13 M2 B > 2 LT FPRRENE P St Ty
Pz B o R ha poik ﬁ?;’fﬁ“ d § 85 % (renal fascia) ~ "o A4 % (adipose capsule) ¥
TAIE (renalcapsel) HZ 3T A P > T RBMHEHE wE > ¥ N HLTRL  §
s ’LTL (adrenal gland) ; #q %A% W5 B B B 0 H N RE T AU L A 2 B @ TR
Plere B TN RFSEP 2 Rapu s B plw A S 2 2% 5 T F (renal
sinus) » FF 2 » v P 2 ™ (renal pelvis) » 5§ ¢ ¢ 3 % ¥ (minor calyx) ~ ¥ =
& (major calyx) ~ & Jk ¥ (collecting tube) £ &3 (renal hilum) » 2 s & ~ = § ~ #

ﬁ?ﬁ%%@»%%iﬁﬁo

11\1.

phh s BOERN FRRR g A 5 TR (renal cortex) & THEF (renal medulla) F -
e —‘ﬁ P E SRR 0 ¢ 7§~ (nephron) > H et Apiiz F ekl (pyramid) B e §EL
BR R fgedkat ®A) 8§41 (renal columns) » R-FREF B TA B A B S ,é"ﬁ [
B oood F et (pyramid) H= 0 ® B ehA = ¥ E (papille renales) » ¢ 7 kp TR
B %2 %] ¢ (renaltubules) - & B F3d ¥ 100 F BT~ o= F~ 2 THL A
i H i BT Ad T4 (renal corpuscle) 22 %) F e v @ T4 70 TR
(glomerulus) £ # < % (bowman's capsule) > & 3:zkd » 3k -] 7% (afferent arteriole) £
(3o & 7% (efferent arteriole) R 2 jgn F estle s > P FREE F U B PR 2IVF 1B
a2 jfi mpgA gL T Fam X - AR AL wie e T B RRE
¢ 7 7 iT¥ -] ¥ (proximal convoluted tubule) ~ ¥ B % % (loop of Henle) % i&# | ¢

3
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(distal convoluted tubule) = 384 » 3T | F =3 F A F R > A A d 22 ¢ 4w o d
H b B4 MRS 5a5 4 2 R 4 (brush border) o OB 4rok A s Al ier 2 4
BAE A3 RNEENTHEFT R 0 2 T 4 (descending limb of the loop of Henle) o i
b A ke s > gL (ascending limb of the loop of Henle) d = & &% 2 43k F & fw#2
A TR E AL SR g PR TAT R Bed 2 LAy
& %o (macula densa) > 7 £ 3 pc¥ L > ¥ FEE A (aldosterone) *t gt iT 4N B
(Na“) g2-kaseimgenic X053 K £F > BRENELTT B L FF

T o :I:Z,-EJQ;‘,";Z 1&3;.?]@15]1%% LIRCAPRRE 3
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2.12 T2 4 B
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PALPHI AR NI e Fapgd ATl e, TR § B B
% B 4 ) G g (filtration)~ £ . fc (reabsorption)~ 4 i (secretion)~#% i (excretion)e

Flot 0 TR ARI A G A 5 T T B

(1) %l fie (urine) I3 4
Tk A RS SRR RS H R A I TR e T8
SRS TR NGBS E CHFASRIT RN OLFET B2 E
VRS FORES T R R BN ) F AR AR T A ek e s
VURLEF S B E SRS RIS R DR .

(2) A RA S WRE LR
AERSBBERTGr2 3N & T B AT ) 3 fe Na'
2o H 2 £ &35 a § M2 F Rl JPH - S8 3y
FHCOz ~ koA & ghabifd | e (7 1 %o 138 & LMD 2K A R

Ty X
(B) aETpEFL
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(4) aiFphdpz T4
AR R pH EUE M 8 T A H - NH; # £ 5o HCOy » 14

BEwr FF) EhR (F) 2 pH & -

(5) HBaryEY
THRT A% (renin) Rzl B o & A 32 &% (erythropoietin,
EPO) kg d dflid b3k » 77 A4 B84 2 D (vitamin D) k24147

P2 Tgr st TRALER
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2.2 WAL TR

2.2.1 '&'f’ﬂ’_?”-’g—‘lﬁi

R A TR LT SkERS (glomerular filtration rate, GFR) i 4 = # * 12
+ * 60 mL/min/1.73 m? » éﬁ-ﬁlﬁiﬁé‘—f#ﬁ\‘ fe BRI ¥ - Fv =N L R
HFAEP S TRESBRIETHE (chronic kidney disease, CKD) - CKD & GFR 4 5 1
BrRAE D F-B2THi ¥ 0 25 f *v Jk (proteinuria) £ ik (haematuria) # 5
A > GFR 3 90~100ml/min/1.73m* 3 % = H 2 ARE TR B> 2 B § o T L K
% > GFR % 60 ~ 89 ml/min/1.73m? ; % = ¥ 5 ¢ R4 T %% > GFR 3 35~ 59
ml/min/1.73m?; % e H ZERBRETEH > GFR 4 15~29 ml/min/1.73m? ; % 7 # %
* & ?"’iﬁ[f;%‘ »GFR 3 <15 ml/min/1.73m? » & $ 7 HpF > TH G FINF| T L F 4 2
15% > F & %8 o a2 #E“f’%l’\ 2 R A ER A 0 ny S N RS T R TR S
Aoghebo Y L2 CKD A &4 57 A8 M85 AXPBTRRE (k¥ L2318
o2 5 RETRR) > T (W RFETSRT L) MR TRE (F B opsides
PR H o AopE op 3 AL TR A E ) Tl E BT (e b
T ﬁ@?? FE) HE TR (od s RTERA ) Al
CKD 2 % gra ¥R F BAE - 3L BARAR BF 65 prtt 24~ BFEr g5

R
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F] CKD o F 33k~ &) 5 ~ TR LMy h 2 gFF e FEApGala 3K
FHH B > B F RN S8 CKD 2 #5584 > & 3 RS BBt 2
T EHR (% 1) (Yang ef al, 2010) > # ¢ > 3 & % % BOE TSIk TN
(glomerulonephritis) 2. #-3% % Lupus nephritis ~ Thy-1 nephritis ~ Anti-GBM model £
Alport syndrome ; #-4% % 55 3% 4 it (glomerulosclerosis) 2 #i-5% = Aging - Buffalo/mna
rat ~ Munich Wistar Fromter (MWF) rat ~ Primary podocyte-specific genetic FSGS models ~
Puromycin aminonucleoside nephrosis (PAN) and adriamycin nephropathy - Radiation
nephropathy ~ 5/6 nephrectomy £ HIVAN ; #i-#t B B 4 it (interstitial fibrosis) 2. 3¢
% Unilateral ureteral obstruction (UUO) ~ Folic acid nephropathy ¥ CyA nephropathy ; $i=
BT % g4 % 2 #3545 Spontaneously hypertensive rats (SHR) 2 DOCA-salt
nephropathy » o %+ i e & = 2 fiV @ 4 > 749 T ficki 2. 4 3 CKD I}%Eﬁ—’_#frﬁzk? 2,
WA AR Pl ERE S L AR B R 20 Ry L5 4 2 CKD

R e
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Table 1 Induction methods of animal disease model in CKD.

Animal Disease Models of CKD

Genetically

Lupus nephritis

Spontaneously
hypertensive rats
(SHR)

podocyte-specific
genetic FSGS
models

Thy-1 nephritis

Spontaneous Engineered Acquired
Glomerular and . .
interstitial injury Vascular injury Immune- Non-immune
models induced models | induced models
models
Primary

5/6 nephrectomy

Aging

Buffalo/mna rat

HIVAN

Anti-GBM model

Radiation
nephropathy

Munich Wistar
Fromter (MWF)
rat

Alport syndrome

Unilateral ureteral
abstruction (UUO)

Puromycin
aminonucleoside
nephrosis (PAN)

and adriamycin
nephropathy

Falic acid
nephropathy

CyA nephropathy

DOCA-salt
nephropathy

B FRER b A B LA R R RS RN R R 2

Induction methods of animal disease models of CKD are divided into three types: spontaneous

mode, genetically engineered mode and acquired mode.
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231 PR F@an

§ R R4 it (renal interstitial fibrosis, RIF) & - f& ﬁp‘,- el BN & - B SR
Frice 45 mre b LR (extracellular matrix, ECM) 2. £ ¥ /off ~ TS5 SRAl L /P FF i
o SRR TRBEE L A RRE TR NI IAIG R A L L RRRR
FELAF B EARBEFF M B Ree AT RF (L FeRl) B

mPe ziE 0 Evgllwe i mre F]+  (cytokine) £ it jriE £ (chemokine) i@ ¥/ ¢
e k= > AT Flee Al A 2 BAL 2T BREERS ER AR e
(myofibroblast) 7“2 #E > ¥+~ Bwme  AF (L3~ 5% hdv) BV mfEa T
SRR ® T & 52 SRR (tissuescarring) 0 B F X450 B 2 TR
#iiz 24 (B 1) (Pradere ef al., 2008) « £ % » RIF 2j % 2 & 3 4] 5 4 T %0 %

EPEG LFRREIF L2 o T e ffd Z RS kB S H

- fAE T 0§ 25 T %2 1% 1§ Transforming growth factor-f1 (TGF-f1) & 4& &% *v =
im?e (fibroblast) & “t 4L 'm®e (pericyte) ; % = fAB/T > #et T Wi F HEvgimie 22

B3 B2 g2 e F]F & 4 £ F]F o 4o platelet-derived growth factor (PDGF) ~
TGF-B1 % connective tissue growth factor (CTGF) ; % = fAE. /S » #f 22 T ‘mz (5% 30§
S BN ELEVE S - T R AL E N KL R R UL P
Hragmit ogm Ry ar me it Bim 12wt A2 B£8R K (B

2) (Nikolic-Paterson, 2010) °

10
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Myofibroblast Tubular
Accumulation Atrophy

le_ly!a:@

Infiltration

o
N0
wa
\\\\
™

proliferation apoptosis }0{\

e 5CM
A epithelial cell 4@ fibroblast *— myofibroblast

&S} macrophage W collagen / matrix production v growth factor / cytokine production

W1RRFgansas .

Figure 1 Renal interstitial fibrogenesis (Pradére ez al., 2008).
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Tubular
epithelial cells

AN

fVY 'Jlxr VY \\ W\ \

PDGF
FGF-2
TGF-B1
CTGF

CD4* T cell Macrophage

1% PDGF

X TGF-B1

TGF-B1 % CTGF

\ 3
@O
) Migration/ .
Flbrc?blasv proliferation a»?MA
pericyte differentiation myofibroblast

Collagen

B 242 T TR FREM? 2087 BRRIE -

Figure 2 Mechanism pathways of helper T cells in RIF (Nikolic-Paterson, 2010).
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232 TR PR 2 55 R BES

15 HE RIF B A B st 2 5 T as] > &AL I FHGY S SIS
LERCN s BB RO R AR 3 &F Y (Nogueiraeral.,2017) > 4ed 2 #951 o iv B
N2 E 25 F pAd HgCl, 2/1% Vanadate ~ Adriamycin ~ Uranyl nitrate ~ Folic
acid ~ Streptozotocin # Cyclosporine A T #F 4 — BFFF ;| V5816 5 30 £
(10 Gy) 2 st e F 5 F st i5d »7 % 2/3 Z % (5/6 Renal mass reduction) -
= TE'J@?J Pk  (unilateral ureteral obstruction, UUO) & 4% & £ j# /L 3 i (Ischaemia-
reperfusion) %@ RIF 252 ; p M HR 7B @ik rmm p 3 424 RIF 2 e A
Buffalo/Mna rats £ Munich Wistar Fromter rats ; #& %]i2 4% #-5% 5 41 #* #& L F] (Nep25 ~
Tg26 ~ Coll-green fluorescent protein £ ATlareceptor) 2. * ;N FRH# VN4 2. TR A 4
RIF -

preb s Faiferdk 2 22 RIF 2% 5 Jﬁa LTEAN I Iﬂdﬁ%lfj\'g # F2 (unilateral ureteral
obstruction, UUO) % P # #& R £ % Rk fickt RIF 2. % 4 i (Zhaoetal., 2015) » %ﬁ—d 4
B REAET S U3 R RE - AFREEGES L 2T A4 RIF 20
FARR A A 5—‘« dmre P2 3 IR SRR LR AR 2 44k (B 3) (Chevalier,
2006) 0 F E G F AT LRI R RERE HRTR (LF) VTS HBRL R
(Yangetal.,2010) ; - 4& Jk”}g TAS 1 FEVFE)R2Z RIF-2 3 3 FRvHE

~ Bz RIF (Nogueira et al., 2017; Zhao et al., 2015) -

13
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Table 2 Induction methods of animal disease model in RIF.

Animal Disease Models of RIF
. . . Genetically
Chemical Physical Surgical Spontaneous Modified
Mercuric Radiation 5/6 Renal mass Transgenlc_:
chloride (HgCl,) Nephropath reduction Buffalo/Mna rats mouse strain
HIV-associated
Unilateral nephropathy
Vanadate ureteral Munich (HIVAN)
obstruction transgenic
mouse model
Coll-green
. . Ischaemia- fluorescent
Adriamycin . .
reperfusion protein
transgenic mice
. AT1 receptor-
Uranyl nitrate deficient mice
Folic acid
Streptozotocin-
diabetic rats
Cyclospoarine A

TRFEAC A BN ZFE S L 5 P F P32 p g 2 A0 47 i

I fhe
Induction methods of animal disease models of RIF are divided into five types: chemical,

physical, surgical, spontaneous and genetically modified mode.
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Renal tubular Macrophage
epithelial cell
- TGF-f1 =— ‘

TGF -B1 Hematopoietic

6‘ / stem cell
Apoptosus @

Renal interstitial Resident interstitial
fibroblast fibroblast
o o Q',j following UUO
Proliferation —.5‘,:}:.?
e
Myoﬁbroblast /\
Stress fibers: ECM Contractility
deposition

cytoplasmic actin and
a-smooth muscle actin

W3RN IS S ARER L CRme B2 2T €7

Figure 3 Renal cellular interactions in UUO animal disease model (Chevalier, 2006).
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¥¥ e (stemcell) 5 - &2 5 s FEE (clonality) ~ 3% 78 it # (proliferative capacity)
F

5 ¥ % (plasticity) 2 dmfz 553> ¥ }“ﬁ“ d 2E4HAL 2 A (asymmetric cell division) & 2
- BTG RO me L aEF R A AT (self-renew) 2 at 4 o - oA
(differentiate) = 4 % w?¢ % (specialized cell lineage) 2. ‘m?& o

FlM oo Rime R H T M A 5 DA MEF % (totipotent stem cell) ~ § it [E§F fmre
(pluripotent stem cell) ~ 4F it }2#% 'w#¢ (multipotent stem cell) £2 ¥ st |37 'm?2 (unipotent
stem cell) (Najem ef al., 2016) o i rizim?e &5 & i 5975 = 2 Ry (“Fiek ~ P 2y
NN D 7%‘% al_:fyg_e_f%\;a PRAg 2 it A o VAR R 2 B blde L X R
Sacarimrr B o it Goarg 2ok (kP R R poaR) 2 itand o e g
AT SRR RO MR PR S Blde iR S AF R MiRme B 4t 5 H -
po = AR e ko (lineage) 2o 4 a4 o Blde D B AR Firlere ~ X oRiziwie 2
A - et M e e LER TN RTINS S LI R B Pt S N -
4 B fm? (epithelial progenitor cells) ~ & J§ ¥7 fw?2 (skin stem cells)2 B & T fw®% % o

pleb s iRimie X ik H R RF 4 5 %487 w2 (embryonic stem cells, ESCs) ~ = §8#% ‘m

"z (adult stem cells, ASCs) ¥ 3 ¥ |+ % i #7 o (induced pluripotent stem cells,

iPSCs) e # ¥ » S fizim? 5 p A 18 % f&. ‘E‘ﬁ\«‘\«ﬂg*r‘ FI2 Gxmre o Blde L K
B n R~ ip s MRS > B P s i 4 i ESCs £ (DiBernardo et al., 2016)
frip.c BSCs & GIRE L 2 Lk > 12 Bie A S vd o2 b '] o Flut g 3F

FLBBEARS S m e i AL S B BT A RS BN F

HHATREAT P 2R e o
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2.4.2 % Ri% %

2.4.2.1 Xk

% -k (amniotic fluid, AF) 5 #5324 ¥ 4% ¢ /%> 3 %% (amniotic cavity) * 2.
R BRMEA e FOR02 R CTET RS T BRIV AP B M E p =
ik (Fe R K~ f,ﬁ;& SR s PRI 2 M s W m e X)) it 2 B %‘r]v_jt_
(heterogeneous) m*e # > % THREBEAOF TR ZEREREEI RRAAS AV ITLA LY
PASIZ B TR (Arrp iz a3 R) 2 i B E i % (Da Sacco et al., 2017; Di

Bernardo et al., 2016; Underwood et al., 2005) °

2.4.2.2 X -k§z sm*% (amniotic fluid stem cells, AFSCs)

EoRzZ ApMAE T Ao L2 & > A2 FPT I T fF (amniocentesis) (Di Bernardo ez
al,2016) > P FZ PR L ETA DA 2 MBEF SR @:)ﬁir}f%il £ o Torricelli et al.
(1993) & & * & k¥ ALBpwr (progenitor cells) 2 7 F% &7 k¥ ¥ it £ 35 iFlw
22 G Fla BE BFE R RRme 2 pMAAY o p Xk s gtz X oRizimee
hBEAI Y 4 G = MR dl 0 Xk aF 2 Al (amniotic fluid-specific, AF-type) ~ #f + A |
(epithelioid type, E-type) ¥ 4 % wm?z %] (fibroblastic type, F-type) (Hoehn et al., 1975;
Ramasamy et al., 2018) o j* #t » X -k §2 'w? (amniotic fluid stem cells, AFSCs) ¥ % &
Alziwre F 22 CD90 % o L/ ~ 3§ ¥ £ #7 0% (mesenchymal stem cells, MSCs)
2. %% e CD29 % > % i+ (stemness) £ % it |+ (pluripotency) #p i 2. &~ F £ 3%
4 octamer-binding transcription factor 4, (Oct-4) % » ¥ H &4 430 5 8 2245 i (iz fm
P22 o gt P ESCs # GILE AL L3R 2 M) wa o2 b 0 &5 MAK R

KRB~ % %5 ¥ M~ 4 (Gholizadeh-Ghaleh Aziz et al., 2017; Joo et al., 2012) > 14 % 4p

#>r BMSCs £ 7 &4 it 5 = %k v % (Jooetal.,2012; Kang et al., 2012; Ramasamy
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etal.,2018) (B 4) = §2-% o £ > Kaviani eral. >t 2001 #F =c# 3 -k kihz £
Sglmie ¥ R N imie Lo O H BT Z & (S % - SB-E KR iR w2 (AF mesenchymal
stem cells, AF-MSCs) & * »t48p > & % 57 AF-MSCs 7 £4>tp 489wtz & 12 (Fuchs et

al.,2004) - g+ ¢ > NELS G AT - AFSCs Jg* »tad e s (Cipriani et al., 2007) ~

{7

% (Yeh et al., 2010) ~ ** %& (Petersen et al., 2010) ~ ¥ % (Perin et al., 2010) & ¥ =
(Maraldi e al., 2011) % - ¥} #fit > AFSCs FRM#n i 20 2 FHAFR P 5§ - T2

T b B -

Amniotic fluid-
derived stem
cells

Bone Fat Muscle Capillaries Nerve

N3 S -D’W

\ "J
1/

W 4 -RiFmev it 320 K2 % ko

FoRiplmre T A0 L 2k 2 e ko Bilde D Fimre (NTRR )~ A G R e (Phink)
3 f Eptmre S g WRimie ~ VUp fmPe R g -? (¥ R ) o

Figure 4 Amniotic fluid stem cells can differentiate into lineages representative of three
germ layers (Joo et al., 2012).

Amniotic fluid stem cells can differentiate into lineages representative of three germ layers
such as liver cells (endoderm), nerve cells (ectoderm) and bone cells, adipose cells, muscle

cells and capillaries (mesoderm).
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25%§%%%$i§§%ﬁapi

ig5 e F 3 5B Eirm®? (mesenchymal stem cells, MSCs) & * %A e 24P W

G

@ MSCs 2 %8 b b (T 4H 3 32 R 42/ — 430 219 O2 B R (normoxia, Nor) T i
FoMrERFEROLIMPA MSCs 2 5382 43 10 B > 7 i 8 h 32 % 2. MSCs A
45 VR4 > En ERBAE S IsFKE 1 (Kim et al., 2016) -

SR A2 }I% ' F 5y 8 % ESCs ~ g% kR B §7 P (Adipose-derived
mesenchymal stem cells, ADSCs) ~ ¥ %2 £ i 'w?2 (bone marrow mesenchymal stem cells,
BMSCs) % # ‘& #7 ‘w?¢ (neural stem cells, NSCs) % % ** ™ % 335 (hypoxia, Hyp) T &
B U ER A IR e N N 4 5 MR B (microenvironment) 2 % )k & (Liueral., 2017,
Maetal.,2009) (% 3)> BLEFZEiF w3t M B X THAZ L4 2 8F Maetal,
2009) > & Z4F 3T Hyp 3 & fHizlm® B ¥ 20 d b g st 4o 0 < 87 < ik R
(middle cerebral artery occlusion, MACO) #ic" &2 4 2 425 4 ¢ b (Wei et al., 2012) ~ =+
Elw 9 & (rodent myocardial infarction) 5% (Hu et al., 2008) % < &4t o f #1231
422§ 5L % B (Zhang ef al., 2014) Ez2 F2 50 o Ra o ppEOTw R Y HE 267
dme fERE > X Kizlwm e T Hyp 8 & rJ22 47 7 $°5 > 2010 & > Phermthai et al. & =
5% F OEREE ANE KiFm (human AFSCs, hAFSCs) * %5 B e H & % &g
T Hyp BARIIAZ 3% >3 ¥%F hAFSCs 2 #man+ 5 2 3 5 B » #3
% 18 ® hAFSCs iva4FH o ¥ 4 ¢ #+%7] (karyotype) o #* *F » Junetal. (2014) #-4
#p X KRR #7 'wr2  (human amniotic fluid mesenchymal stem cell, hAF-MSCs) % 1% %
5% % ER TR A H 2% F R hAF-MSCs 2 15 232 %% (contioned medium, CM) %

## TGF-B/SMAD2 2 PI3K/AKT B/ > £ 5 BB A R A2 fwrz 2 3 8 23845 2 i
4 oDionigieral (2014) v #7% F %z MSCs ** 1% % kR 2 Nor % B2 35

HYE% 87 Hyp 8% 7 > &A% k2 MSCs>  AF-MSCs &%%4 & fF £ i7 mre
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(umbilical cord blood, CB-MSCs) ** %8t 32 % 2 #7838 F e Nor B % % o £ "%,“ )
Schiavo ef al. (2015) R f4E ot dp 274z b @ HpB~{8 2. AFSCs # HE 4t 2 p A e
2 A BT Hyp (5%02) % ¥ 543t % x4 p P19 2. AFSCs 2. 48 ¢ 3 7 % o
2018 & > ¥ 3 A2 3 Mk % 7 hAFSCs 5 Hyp (1% 02) m¥ > # hAFSCs-CM
(conditioned medium, CM) # f& /% &3+ 3 % (myocardial infarction, MI) $i35% & 37 2_
AEg s B BEF 2 BRIRE T (Balbieral., 2018) -

FoAril o BRARE ATy U 4E3t Hyp &% ¥ AFSCs 2 3252 & Hyp B % 14
2. AFSCs »# 4 o st 2 2% > v it ¥ AFSCs 2 M B A MM R EE (%
4), ¥ Aeii ¥ 32 & d®2 hAFSCs 2@ hAF-MSCs #p#t ¥ R % ik (21%02) £ 3

3 hAFSCs & hAF-MSCs z ##ft P 3 HH4 R wiemy 2 CM 22

RBA TG E R kiR TR R L AR LR o
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Table 3 Oz concentration in microenvironment of different types of stem cells.

Fetal
Stem cell ESCs MSCs ADSCs NSCs development
process
(AFSCs)
In vivo 02 1~5% 1~2% 3%, 0.55~8% 4~59%

concentration

(Ma et al., 2009;

References  (Ma et al., 2009) |/ ot 41 "2017)

(Ma et al., 2009) (Liu etal., 2017)  (Ma et al., 2009)

ESCs ~MSCs ~ ADSCs *NSCs ~ #5528 v P FF 2 ek 50 3 BB A WK 1~5%~1~2%~
3% ~0.55~8% % 4~5% > pt ¢t > F] AFSCs B~p Pn 2% 7 P & > +& AFSCs Hcie i 3
KRG 45% -

ESCs, MSCs, ADSCs, NSCs and fetal development process of O concentration in
microenvironment is separately about 1 ~ 5%, 1 ~ 2%, 3%, 0.55 ~ 8% and 4 ~ 5%, and because
AFSCs are derived during fetal development process, O> concentration in microenvironment
of AFSCs is 4 ~ 5%.

TS T LR tF L TN Ry

Table 4 References of amniotic fluid stem cells with hypoxic culture.

O, concentration Major findings

Source (in vitro culture) (Hyp-) References

hAFSCs 5% 1 Proliferation rate 2~5 foid (Phermthai et al., 2010)
Maintain normal karyctype
hAF-MSCs “Pﬂrqllferatlon 1
1% and 5% aintain stemness (Jun et al., 2014)
CM Wound healing 1
hAFSCs 1% Proliferation 1 (Dionigi et al., 2014)
hAFSCs 5% Proliferation 1 (Schiavo et al., 2015)
hAFSCs-CM 1% cardioprotection (Balbi et al., 2018)
21
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26 Fkizme TR FREA 2P

FRimre F|H A E B 2 M TRE L 4 %5 SHEPEG Y 24 > m AFSCs i
3t ESCs #a i I E /L2 L3R E ARG m2 b > TR AT G =k e k2
AMAKE RS RKABEF LY MENEERE FlaF AT B4 AFSCs B
Hi hihzizmie 8 TREAABIES LY o

2012 # > Sedrakyanetal. #- mouse amniotic fluid stem cells (mMAFSCs) 5 = < %71
AT 15 ' #F & AA 2 9 2 Alport syndrome (Col4a5™) /| BL4Ep » H &%
B2 mAFSCs it # 4¢ Alport syndrome (Colda5™) /| 8z 3% » LA F "8 K H PN 2
& - 4p i+ (creatinine, CR) ~ F=v /R&r o i ¥ 2 Fi% ¥ (blood urea nitrogen, BUN) 2
Z % o ¢t > Sun et al. (2013) #- human AFSCs (hAFSCs) %%‘v} B F IS E TS
UUO #5% 2 o] RAp - #F R hAFSCs #iEfs 2 v » H ¥ s ¥ fen ¢
(peritubular capillary, PTC) % A #% > & TS F TGF-Hl 2R ERM - £ F >
Monteiro Carvalho Mori da Cunha et al. (2015) B|:&- # #-7 5 T 9L 5w & 73] (renal
progenitor phenotype) 2. hAFSCs # & T & " /L & # 45 2 S # o L B G
(ischemia-reperfusion injury) 2.+ & &8 p - #7 5 &5+ hAFSCs #1452 2w H % & p
2. CR * 24 ] PEP 514 5 30 48 o) PEPOR S B *gfgl? SRR MO W fm e B R VU
‘& w2 (myofibroblasts) 2 3 # > & ¥ 3t 2 B 4 {4 hAFSCs # 182 %|2 THE J
Mz iR 2 e SR A= o

Shoerit o AFSCs 2 B ffecf S 2 TRRES 2 TRFRAM 2 pksF - T
2 Fi 0 TR AR IR e L TRFREN B we KR KA o T8 R
© BTy B AFSCs B3 A op it S P R A TR e 2 e
T 4] FF AFSCs ¢ 33 Sy #E B WE R WAL B FE T

AL 113 AP RAL TR G o B4T8 0 AFSCs 2 % 0 3% 5 ALY @
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- KL B b B LR SRR 2 A s R s 3 Ak

TF 4]~ AARE2Z 504 > UE R M2 FHESE (B 5) (DaSacco etal., 2017) »

Renal differentiation in vitro Standardization of isolation
and expansion methods

;f{ 2Ty =

Kidney-on-a-chip X T e e

and spheroids
(disease modeling,
drug toxicity)

=

Characterization of
surface markers, secretome
and extracellular vasicles

b

r oK i i
H Immunomodulation

. el
Acute and chronic kidney Comparison betweesn human
injury therapy and animal cells

B 5E-kkiR et TRE 2 FEARB2L BT AP

RENAL APPLICATIONS
SdONITIVHO

Figure S Application and challenges of amniotic fluid-derived cells for renal regenerative

medicine (Da Sacco et al., 2017).
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¥=F 3

)
3.0 M § RJILHE+ HE RiFhmbe 2

3.0.1 %%

=%

=L

ff iz 0?2 (mesenchymal stem cells, MSCs) & # &L * *t 5 in f A" 3 2 d7mie
HE 285 - B30 F 3§ TEF
2 4 3

i

FIEBEEERNLIMPA MSCs 2 BB

2
10 > 7 i $HHE P %2 MSCs A2 F LB+ »im WRBE G0 5 20

+# ESCs & 512

i)

4 (Kimetal.,2016) > # @ > 4p gt s 4 < gk 5 4731 MSCs »¢ Hyp 3 & 2 49 B 3R4E
P T ALY T2

AFSCs ** Hyp 232 #4pM AT 7 > o5 i 2 AFSCs A 8t p X-k>m X k¥ 542
AL LR

7

“~

K dmre > R A S M EAE S Birmre 2 I 0 AT
2 A4
X ERBPE SR T W A LE

o L MARE R RRBREF LT KE

BBLE > AFSCs Brp "5828 7 P B> & AFSCs

B EF ERENE 4~5% Maetal., 2009) » F]pt A Egk i > M F  (Hypoxia, Hyp,
5%) ¥ % 2

{7 o

Bl X -k ¥% w2 (rat amniotic fluid stem cells, rAFSCs) » #31 Hyp E_% it
‘@ rAFSCs 2§31t > ¥ 3% & rAFSCs b3z % fh 5 425 2 2k > 114l

% 4
4
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312 #F%K

BOESL A B ARG U2 7@ 7 3% SDrats(8) & SDrats(9) > FH i
- &t BEARILEFF > WHEFEHT 2 FoRoR0E2 R4 - -
Ao S X 930 wERER* RIKEELEG 9 ¢ 2 HER oy BERTmRRZS &
et o FIRE 12 A BEEP LRI R (B 6-A) 0 PRI KB R RR
&t~ 5% %% (Normoxia, Nor:37°C>5%C02°19.9% 0, 74.1Ny) £ 1% (Hypoxia,
Hyp : 37°C > 5% CO, > 5% 02> 89.1%Ny) = ®iti73x % (B 6-B) FHEr L1 Whw
RS PE- PRI R kIRY A Nor 2 Hyp — R4 %B F L7 RiE2 LW
2. rAFSCs ‘w2 & » 11 d BRI L B 3d N 3E% Y 2 R F] o B INs e (T4 BE
k&% fm 2 (Rat amniotic fluid stem cells, rAFSCs) 2_ ¢t LA Ay ~ fw?e < -] ~ & 5 Ffh ~ §8
P E S T R (FatA AR 2 ik dote) 2 fRBIA AT Y - WA e QRS R

BB RKRLET o
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(A)

Pregnancy rAFSCs culture
DO D12
Mate Isolate
(B) Normoxia : 19.9% O,,

5% CO,, 74.1% N,

(Standard incubator )

rAFSCs ..
Hypoxia : 5% 0,,
5% CO,, 89.1% N,
(Sprague-Dawley rat ) (Tri-Gas incubator)

W 6~ BRI -Kizhmee o BTz X2 J5AEW -

(A)* B Fatpefd (DO) > Fex & FREZ2AT 3 gk 77 EERIPYRE 12 <
(D12) fé 4 @+~ RE Rie 7 X Rizhmie 2 12 % 5 (B)* B X -kifw* & W3 Normoxia
(37°C > 5%CO2° 19.9%0, > 74.1N2) 2 Hypoxia(37°C » 5% CO2 > 5% Oz » 89.1% N»)
ZfEF ERBRBTEA D X o X K+ W BB p Noun Project (N. K. Narasimhan) °
Figure 6 Process chart of isolation and culture of rAFSCs.

(A) Rat was mated in the evening (D0) and was observed whether had the vaginal plug. If the
rat have vaginal plug - then isolate rAFSCs in 12-day pregnancy (D12) and start to culure
rAFSCs; (B) rAFSCs were cultured under two oxygen concentrations: Normoxia ( 37 °C, 5%
CO2, 19.9% O3, 74.1 N2) and Hypoxia (37 °C, 5% CO2, 5% Oz, 89.1% N>); D: day. Rat cartoon

picture was created by N. K. Narasimhan from Noun Project.
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313 g3 ik

3131 R %

N3R5 971 * 2. Sprague Dawley rats (SD rats) PEp 3t #2005 LD 2

H

T AR &
Nk 2Bk B R R 23~25°C 0 AHHRR R A 40%~60% 0 @ * p k]
kPR ipk (12L: 12D)» >+ & p & F 7TRERE > gh b 7 88 % o SDrats * i 8 40%
HELR 2 4K E < BE Y &3 (ALTROMIN, 1324) > & = ¥ { # %4 (TAPVEIl aspen

bedding) £} % 1 AEFRBE T -

3132 A HEkizwmwe 2 A 3o %

AEB R RE 12 2 2 SDrat(fefapr#s @ & 10~11w, $27~28w . & 3 * -k
FEEES D % 12w) 0 Y %?%]’x (Zoletil 50 » 0.1ml1/100g of rat) & {7 frfsis » B~ 3 7 & ([
7)) peidizge T0% FE S 0l At £ U BEEL S 7% 7% (Dulbecco's Phosphate-Buffered
Salines, D-PBS) (gibco, 21600-051) /#i% 2 = > 2> 75 D-PBS 23 &z t 2 fz\

it

-ﬂ}

MEmpforsdg o SN G R EI 2 i LR 4wl 276 £ e
A @ Xokawlii o~ 1L5mltube 4> 4~ Iml 2 100 U/mLpenicillin 2 100 pg/mL
streptomycin (gibco, 15140) > 3.7 mg/mL & f& & 4+ (sodium bicarbonate, NaHCO3) (Sigma,
s5761) - 1% GlutaMax, 100X (gibco, 35050061)/ 1% GlutaGO, 100X (Simply, CC516.0100)
2 20% *~ 2 5 (bovine fetal serum, FBS) (Hyclone, SH30084.03) 2. a-MEM
(minimum essential medium alpha-modification) (Sigma, M0894) 2 % %R £353 » £ &
Bl Iml 22B &% 02 500 ul & 5 % § 21§ - % (normoxia, Nor ¥ hypoxia, Hyp) °
¥ 48well ¥ o 5{s & %3 E 3t Nor(37°C > 5% CO2 > 19.9% O, » 74.1 N2) £ Hyp

(B7°C > 5%CO2°5%02° 89.1%Ny) 2 £ 784 & 3 X {#H-TBER X
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81 9 Xisiwz ¢4 (confluence) °

# rAFSCs ¥ 2 1 %% » # ‘ﬁ?i‘“ s 0 45 D-PBS B 1 = fe 4o r 0.25% 2
trypsin-EDTA  (gibco, 2500056/ Hyclone, SH30042.01) #-’m#z &5 » 12 1200 rpm 3o
5 A dmis &% P e » AT RRiR £ it FeeFFeriy 6~
T ORPE PE- AR PR ERRJRES Nor 2 Hyp - AR AEB P EF G2 £ 0%

2 rAFSCs ¥ i » MgFf BAEA B 233% Y 2 BT TR F LRk -

\']"H”IHH,”“’HI|,”|3I|||'[||| ||||||||||I||l|l| Illl|||l7|||l|
HES SKU,"’,,.’

MWHJthMdeHHM”‘“

W 7HE 1232 XRIF& o

Figure 7 Uterine horn of 12-day pregnant rat.
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3.1.3.3 e 3t ik

11 0.25% 2 trypsin-EDTA H#-ln¥e R g (s » B 20 pl mfe e » £ 8 2 50
(trypan blue) (gibco, 15250) % ¢ > B~ 10 pl % ¢ {52 P R if » o & F

(hemocytometer) 3+ 5 AL F 2 ‘mPe#ich > EAF T H - o4 P E BV B e e

3134 m% 2 B X B F 5

# rAFSCs & 45 & VR ¥ %% 5 D-PBS Bk 1 %{2 0.25% 2 trypsin-EDTA
3 37°C F g 2~3 4> e i3 fs 4 » TR 2B R % F > 2 1200rpm 3w
S Akis o R EATE AR AEN 1:12~3 20610 o F me R ALk R
BlmrE dp R 73 10 % 2 - 7 I £ b (Dimethyl sulfoxide, DMSO) (Sigma,

D2650) z s L’F R ELESE M 1°C 23 F R ERhbifmEr -85°C

o
B
e
=
-
he
F
o

3135 m% 4 e LR 4 17

#- rAFSCs 4~ %12 Nor ¥2 Hyp - AR 4 BRBEFE AT F 11 Ao w@«g%
i 0 & D-PBS Bk 1 %1510 025% 2 trypsin-EDTA % 37°C 5 Jis 2 ~3 A4t
e B E 0 10 1200 pm Bt S A AR R R i o 1Y Lommre B2
(Immunocytochemistry, ICC) : D-PBS £ > 2 1200rpm 3t 5 &4 0 =%k b ik
(£4F = %) 4r » 4% PFA (4g Paraformaldehyde, PFA in D-PBS) (Merck, 1. 04005. 1000) >
Wk PR S A4 £4F - % D-PBS % > 4 ~ PBST(0.1% Tween-20 in D-PBS) »
ok EE 5 o4 £45 2 X D-PBS Bk E-EUH P 2. F8 (antibody, Ab) CD11b-

FITC (BD Pharmingen™, 1:500) ~ CD29-FITC (BD Pharmingen™, 1:500) - CD45-FITC (BD
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Pharmingen™, 1:500) ~ CD90-FITC (BD Pharmingen™, 1:500) % 23 B |4 34/ %= IgA-
FITC (BD Pharmingen™, 1:1000) + IgM-FITC (1:1000) ~ IgG-FITC (BD Pharmingen™,
1:1000) £ Blocking buffer (1% BFA in D-PBS) g AR £353 {4 > 12 500 ul 2 & % #
mre R 5353 o gk > BN 4°C k4 24hrs; IR X £45 - X D-PBS Bk > 4cx 1ml
Flow buffer (1 ml FBS + 50 ml D-PBS + 200 ul) #-'m® R £353 » 5% kAR 5x10°~1

x 106 cells / ml » 14 3¢ fm %2 %12 (7 4 +7 (Cytomic FC 500) o

3.1.2.6 574287 5L AR A T2 A7
# rAFSCs 4~ %12 Nor &2 Hyp - AR 2 ZBEEFRAIF 11 8> nzdF
R L AFid 48 F & (quantitative reverse transcription PCR, gqRT-PCR) # if] Nor #

Hyp-rAFSCs 2. Oct4 A F&2 E B F2 L 8 -

3.1.2.7 + KX -kizw® RNA 2 5B

o & Sz W15 > 4e ~ 500 pl 22 GENEzol™ Reagent (Geneaid, MC32701/ EBL,
MRE-3200K) #-im % B3, & (o 30§ it > 45 F 4% 527 GENEzol™ Reagent 7 i iR
£33 > 500 B & %4 > 50 ul 1-bromo—3—chloropropane (BCP) (MRC, BP151) » & #F
ML AR EEE B 15 A4 e (12,000xg0 15 A4 0 4°C) > B b K 2
%% (RNA) ¥ *37¢0 1.5 ml tube » 4 » 22+ £ 3 /& & & 2 isopropanol (Merck,
1.09634.1000) » mF R &3 e E» 2R F & 10 48 3o (12,000 xg» 8 ~ 4> 4
°C) > & % 1 0 1 T5% e RNA BIALG 0 % RNA BLEGc (s 10 2 80k
(Corning, 46-000-CM) & {7 w3 (& 2 k% EBAREE X2 15~20pul wi3) 0 & is 2

Nano drop #]Z_RNA 2. OD & {s » % 3t -80°C %3 °

30

doi:10.6342/NTU201900384



3.1.2.8 & #4xF &

#- rAFSCs 2. RNA 4r » & 4 % ke ¥ & lug/tube (6.4 pl) » = F# * DNase |,
Amplification Grade % % (Invitrogen™, 18068015) » & B L 4 » DNase I % 10X
DNase I reaction buffer [200 mM Tris-HCI (pH 8.4), 20 mM MgCl> , 500 mM KCl1] 2% &
A (0.8 pl: Lul)» > 22°C & & 15 ~ 48> ¥ 4 > 0.8 ul 25 mM EDTA (pH 8.0) > >+
65°C * J& 10 ~ 45 > £ 4r » High-Capacity RNA-to-cDNA™ Kit (2X RT Buffer Mix £
20X Enzyme mix 2.8 &% > v“ &% 10 ul: 1 pl) (Applied Biosystems™, 4387406) » *+ 37
°C FJis 60 ~48°95°C F Jis 5 ~ 48> 5 {6 #-3 4 DNA (complementary DNA, cDNA)

B -20°C %33 o

3.1.2.10 ¥ & pr4&4f ¥ & (polymerase chain reaction, PCR)

#- 10 pl Power Amp 2X PCRmix Green (Bioman, RT008G) ~ 2 pl primer mix (10 uM) ~
Tul A2 -k TulcDNA R £33 > % F R84 5 20ul > 2 2720 Thermol Cycler
(applied biosystems) 94°C & & 5 4 4#%-F% DNA F B % fs 2 94°C 20s:58°C 30s:
72°C 20s A wliti7 30 %% (cycles) (GAPDH) £ 94°C 20s- 55C 30s> 72°C 20s i&

7 35cycles (Oct-4) » BfsfF 12 72°C F Jig 7 » 48 o

3.1.2.11 f g BT AL AT

B KT N FAH > 2 1X TAE buffer (Cis-Bio » D436-1L) fe & 2 % 3§ #3458 %%
(agarose gel) (LONZA SeaKem® LE Agarose > 5004) » 5S¢ M e Jp 4o i ié B3 f2 > &
agarose gel 4 #r2 55°C {4 4c » Ethidium bromide (Etbr)2 g/ 100 ml » ;& & 53 & 5] »
B HCA 0 FA AP FE o i~ 5 pul 100bp DNA Ladder (Bioman, DM100) ¥ 20 ul/ #

&0 0 100 Vo7 B>t 1X TAE buffer » 87 34 25 & 43 > B~} agarose gel »t%
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T BT A P A -

3.1.2.12 PR & prsad F & (Real-time polymerase chain reaction, qPCR)

# cDNA #2{7- & ﬁrﬁ » B~ 2 ul ﬁrﬁ i ¢cDNA 4 » 10 pl Fast SYBR™ Green
Master Mix (Applied Biosystems™, 4385612) ~ 2 ul primer mix (10 uM) (Genomics) (% 7
drd Srom) & o ul A A Bk (RMA S 20 pul / well) R &35 0 £ * StepOnePlus
Real time PCR system (Applied Biosystems) > i 12 95°C 20s (holding stage) ~ 95°C 3s »
60°C 30s 40 cycles (cycling stage) ~ 60°C Imin + 65°C 10s + 95°C 10s (melt curve stage) =
iFitie T qPCRe p?t » 7] qPCR &ACR F > e B & 3 BT 734 ML 84
g7 o d 2 Ct B SD EApL s~ a $FREZEFRF AT A AFERE

2P E SNk 6 A o

% 5AREIkRWE2LIT AR5

Table 5 rAFSCs primer sequence.

rAFSCs primer sequence
Primer ID Sequence (5’ 2 3’) Product Product length (bp)
Oct-4 F TGTTCCTGTCACTGCTCTGG
NM_001009178.2 164
Oct-4R CCCCTGTTTGTGCTTTCAAT
GAPDH F AGACAGCCGCATCTTCTTGT
NM_017008.4 158
GAPDH R TCAATGAAGGGGTCGTTGAT
32
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% 64 RE kit Oct-4 AFERERFFFT AN o

Table 6 Calculation formula of rAFSCs Oct-4 gene expression fold change.

Nor- Hyp- Gene
rAFSCs rAFSCs | ACtumor | ACt (yp- AACH Expression
Ctmean (N) |Ctmean (H)| ™% TAFSCs) Fold Change
Housekeeping
Gene (H) HN HH
TN-HN TH-HH | ACt-ACt, | 2M-AACH)
Tested

gene (T) TN TH

Nor-rAFSCs Ct mean (N) 2. Housekeeping gene (H) £ Tested gene (T) 4 %] fi iz = HN
2 TN ; Hyp-rAFSCs Ct mean (H) 2. Housekeeping gene (H) £ Tested gene (T) 4 %] 4
#s HH &2 TH: #5571 2M-AACt) %7 A FIARE B F o

Housekeeping gene (H) and Tested gene (T) of Nor-rAFSCs Ct mean (N) were respectively
refered to as HN and TN; Housekeeping gene (H) and Tested gene (T) of Hyp-rAFSCs Ct
mean (N) were respectively refered to as HH and TH; gene expression fold changes of the

tested results were represented as 2"(-AACt).

3.1.3.13 im¥e 5 |4 g 3 5

#- rAFSCs ~ %2 Nor ¥ Hyp - AR ARBEFEZ I % 11 i A w3t
“ig% 0~2-4-6~8 %2 10 % » 17 Cell Counting Kit-8 (CCK-8) (Dojindo, CK04) - &
ZRIE G o T E 2 X (- B ARPIEREE10UL 22 CCK-8 4 » 7
3 100pL 3 %% 2 96 344 > > Nor & Hyp & % 2 /] pF{s » ¥ 3 3 CCK-8
2B ARMBEY - B 96 3445 > 12 ELISA reader *t & £ 450 nm {74 47 o 325 3 3¢

SN REE NS 0°2 468 2 10 % 2w BB 0 £ A UHEE 2426+
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8 2 10 = 450nm 3% fgﬁa‘r%?ﬁ 0 % 450nm 2 T =23 B8 “%J‘U’ﬁ 0 = P2 Tia

2 2 e 2228 e Y L oL b I T 5
FE S TR BT L TR 2 o

334 A FHEL 2 247

#- rAFSCs 4~ %12 Nor £ Hyp -~ AR AZBEFE R I ¥ 10 {5 > 1 5x
10%cm? # 3 12 well-plate (rAFSCs, P11)32 % - = » & rAFSCs 2 £ 1 8~9 &% >
=3 % ¥ &% 4t >z 10%FBS ~ 0.1 uM dexamethasone (Sigma, d4902) » 10 mM glycerol-
2-phosphate (Sigma, g9891) % 50uM ascorbate-2-phosphate (Sigma, a8960) z. oMEM
Hb w5 3 A (- Sn%m 0% 21 R BeFAlet w%24r
¥ 11 % 2% ¢ (Alizarin Red S, ARS) (Sigma, a5533) &7 4 47 « 7 L #H “,’TT bl e A R
BAR®* PBS 7 1 gk mBlwedm 2B RRGkigE BF L 4%PFA
(Merck, 1.04005.1000) ** 3B T A2 10 A 4% = iz Hzo £ 3 ",% 4%PFA > * PBS
e 1 =4~ 2% AlizarinRed S (14 0.5% ammonium hydroxide (Riedel-de Haén, 05002)
#-pH B3R E I 4.1~43) 5 5 15 » 450 10 PBS s jpiets £ 54 MiksliE FRE
dnPe AT AR S A FAS o & F 0 4v ~ 10% cetylpyridinium chloride, C.C. (Sigma, C0732-
100G) # ARS w3 fs > B~tk &2 100 pl ¥ ** 96 well » ¥ # 250 ul ARS 4r » 125 pl
C.C. & vortex 20 ;6 > £ p H ¥ B~ 250 ul & 125pl C.C. iR 3 > Mgt 15 ¢ 12
fad R & B B 100ul B3 96 well, 2 O.D.550 plexsk i ek F 2 28

IR

34

doi:10.6342/NTU201900384



31315 ek srg H o it 2 A4

#- rAFSCs ~ %12 Nor 2 Hyp -~ AR ABBEFEZ I F 10 ~{& > 1 5x
10%cm? # 3 12 well-plate (rAFSCs, P11)32% - % » % rAFSCs # £ % 8~9 4%
fs 3 “,% B A% 4~ 7 10%FBS, 10 pg/mL insulin (Sigma, 16634), 1 uM dexamethasone
0.5 mM isobutyl-methylxanthine (Sigma, i15879) % 100 uM indomethacin (Sigma, 17378)
2. o-MEM #pipimie gz £ & 3 A {#EER- X2 AEL 14~15 pHiieis
AT o P ip e 20 AR b 22 4 (Oil Red O) (Sigma, 09755) & 74 47« 7 &4
R a8 %k 0 0 PBS ik 3 2t #emte & 6 238 KRRz 0 ¥ 4% PFA
BEETAIZ 10 4R i B £ % PBSiE{T 2 e 2 ",% 4% PFA » 4v »
I ml 2z 1009% propylene glycol (J. T. Baker, 9402-01) »* & 2 min {& 3 f £ 4~ 200
u 0.5% Oil Red O B » 4528 F & 15 A 450 HF % ﬁ? Oil red O >t 4c ~ 1 ml 609§
propylene glycol & = %] s o0 HO s Foeis o Ao r 1mlH0 &35 d R sl
Zimie i F A A, o &F 0 4c > 200 pl DMSO (Sigma, D5879) #- OilRed O w3 >
B A2 100 pl B 2% 96 well » ¥ #- 250 ul Oil Red O 4r » 125 ul DMSO I vortex 20
Fote > £ A H P B 250 ul 22 125 Wl DMSO R 3 > 12t gl 15 3 g R e A

A5 100l %2 96 well , 11 O.D.550 Blvx & (& 1238 (7 7 9 3h 2o TR A 47 o

31316 WA HF HEA M Z A4

# rAFSCs 4 6|t Nor # Hyp = fis # RHEFH AT H 10 R 7 0.25%
2 trypsin-EDTA #-tm%e B35 02 1200 rpm 4o 5 A {5 d I fin o W F
2.5x10° mm® 12 1mL %3 1% FBS ~ 50 nM ascorbate-2-phosphate, 6.25 ug/mL Insulin,
10 ng/mL TGF-B1 (R&D system240-B-010) 2. oMEM i ¥ ‘m*e 3 E %R L5353 »

LE 15mL 4sd (TAFSCs,Pll) e @ % & 3 % {#H- <m %R 24 21 ¢
35
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AT e B it 2 g d m sk o 3o 4%PFA - LB 4°C B A Z PR 0 LB R
gyt (BRE 5um)e Wgis sy g3 2o 7 % (non-xylene) (Muto Pure
Chemicals, 43292) *# i& {7 10 A 4ax@ WP 2 {8 » £ & B &2 100, 95, 90, 80%
ZFHEE S AEEFERK SR ddHO R 5 A 4B ¥ &5 1 0.02% Fast
Green % ¢ 1 ~43° 1%Aceticacid % ¢ 20 #> 1%SafraninO % ¢ 10 445 > 5
LA

~E

E

Nt

95% PP X1 95% PR MK Z KA F I T F2 e

3.1.3.17 st £ 4%
~F B2 Hchp @ * GraphPad Prism 6 #i#8 ¢ 2 Sidak's multiple comparisons test &
Unpaired ttest #-AJZ5E & & 1L e > ¥ 12 T35E + B2 Y (mean+SEM) % 7 2 >

P<00S BRASHTEI HFLE
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3.14 B 5% Hitm

3.1.4.1 + BE-kitimie 2 A3 o EA R

Aipgh2 A REkiFmeeBop 2 12 % 2 SDrat(fefE: £ 10~11w> 327~28w>
w: week) © F] MSCs — & 48 “h F#32 £ 3 * Nor: 37°C > 5%CO02°19.9% 0, 74.1%
Ny 233 &% S RBFRAYSHA MSCs 2 3R 4 3 10 &> 2 2 pedpd
|

4v (Kimetal.,2016) > #c & 2k #-+ KX -Rizw?2:8(7 Nor 22 Hyp - 8% EREB 2

,eL

F gk h2 MSCs 5§ 1% O2 22 Hyp # & % R+ i@ MSCs 23 B 4 % 37%

BA ot e Frap dief S B bR T gAY 2 FERNE 4 3 5%(Maetal,
2009): & b fcE kiFiore 2 1% i%%éfﬁka"‘%”* 5% 3 kREFFAY > Fl@ A% Hyp
ZFEREY 5%0, 27 %2 B FE% -

WY 2 A RA R SRR AL VP RMETERI S B A2 B
?ﬁ"]@_\ém’?é‘%i&ﬁ T AN 2 P VRLRI| X RiFie e R RAR e 2 Yk
A A 22 RS e AR (B 8) o 2ttt p AR AR F X
B 4v o VAR bR ELR TP Nor & Hyp T3 &2 X Rzl A 2 £ B bil4e:
% 11 # rAFSCs 2 'mPe ¥ TR AcE T BLZ T & ARL4 2. Nor-rAFSCs H w7 it fiz
Hyp-rAFSCs 2. w?z 3| it~ > F]m & - dﬁﬁgr} SR me RAR (T AT 0 R g ATk
WRY 2 Ap e BEFFIM 0 Hyp 2 7o 84p#T Nor w5 f9Y =T 4 G2
2 E3EY o d e drstk (FSLin: A& <)) v EEF - §Ipmez T o4p 4

J -

an%e 4 o] (X-maen) > ¥ G 3t % B Hyp 2 vz dpdt+ o] BE ¥ [ % Nor &

(215.0 + 3.3 v.5.256.6 + 2.5 n=8 » P<0.001) (B 9) -

37

doi:10.6342/NTU201900384



Nor

(A) PO, D3

Hyp

(C)§0{D3foﬁfff'{f: '1:—; .(pfbﬁ,DZgﬁf'-

W 8 RE kipmen¥§ 2 KIBRTL w0 f -

AC) ¥ BMIRBE"TBAY X240 X HE kizrwe ;(B)D) ¥ § 23 B
TE T AR RIRRWE 0 - F2 X okiRmE R IR 2 Pk e A
P4 E 2w LBk 7] o Nor @ nomoxia ; Hyp : hypoxia ; P @ ‘w2 “dc ; D@ % #ic;
A BF L 100X 5 B 5 100um e

Figure 8 Morphology of rAFSCs under normoxic and hypoxic environment.

(A)(C) PO of Nor-rAFSCs and Hyp-rAFSCs cultured for 3 days; (B)(D) P7 of Nor-rAFSCs
and Hyp-rAFSCs showed spindle-like morphology of fibroblasts and their growth direction
exhibit spiral order. Nor: nomoxia; Hyp: hypoxia; P: cell passage; D: day; magnification: X100;

scale bar: 100um.
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3142 + KA kiR ine 2 TR

mE Ak e R A TR AERMTE 2% 11 Nk REKiFime %> Nor
2 Hyp %1527 % € #2 MSCs 40 B 2 ‘" % 5 ~ F {h38 CD29 2 iz wm% ¥
¢ F M2 F o A FHE CDI0 A 7 £ IR id w7 w2 (Hematopoietic stem cells, HSCs)
AP 2 fwPe £ % & F 35 CDIlb 2 CD45 - 2 ¢ > Nor-rAFSCs ¥ Hyp-rAFSCs 2
CD29 £ & &~ % 5 29.6% £ 72.9% » fé—?—'fl CD29 £3EF A 7 %*“ﬁ—ﬁii&
F ;B¢ Hyp-rAFSCs ",% T CD29 2 AREEF RSB P A 2AER > 2 CDYO
2. % &8 7% %3 NorrAFSCs 2 4%%. (84.3%v.s.80.7) (B 10)o b ¢t > mit g & 2 X
Kipimiz € 2 RAFEZE F oA AR M 2 A F 38 Oct-4 > Flm * 385 L 11 RT-PCR #z3d
iz 2 % 11 % Nor ¥ Hyp-rAFSCs 2 % ¢ 23R Oct-4> % d B 11 7 ¥ L% 3| -
fa3 % 22 rAFSCs ¥ 2R Oct-4 > %% % F ~i##% 2 Nor ¥ Hyp-rAFSCs # %
3% 1 ApE e daRE L o SR Hyp #8422 F § B8 Octd 2 23
¥ #&iE—- #H 2 gRT-PCR %~ 47 Nor 2 Hyp-rAFSCs 2. Oct-4 £ &2 A B > 2E5% &
7 Hyp-rAFSCs 2. Oct-4 £ F14 B E (4.31 = 0.29) % ¥ #& Nor-rAFSCs (1.00 + 0.0)
% (n=3>P<0.005) (@ 12) o d o+ 7 4> Hyp ad2F & >4 % rAFSCs # ¥ MSCs
iR 2 £ mFih CD29 2 afFirimie 'y ¢ 22 45 Fh CDI0 2+ & ¢ P > Hyp

B¢ 2 Oct-4 2MEHR 4> 75 fI>0 8 F Hizi -
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(A) Nor-rAFSCs, P11

CD90(+)
FITC

CD29(+)
FITC

CD11b(-)
FITC

29.6% 80.7%

0.1%

(B) Hyp-rAFSCs, P11
CD1b() CD29(+) CD45(-) CD90(+)
FITC FITC FITC FITC
0.0% : 72.9% 0.1% 84.3%

W 10t wmieREFFF ORI ARIE kB2 2a i i7 -

% ¥ (A)Nor 2fr (B)Hyp e+ & X -kiziw® ¥ 23R CD29 v CD90> @ % % I
CD1lb fr CD45 g+ ¢ > Hyp ez + & X -Rizimz & Nor 24 R B 7 CD29 v
CD90 -

Figure 10 Analysis of Nor and Hyp-rAFSCs surface markers by flow cytometry.

The results shown that (A) Nor-rAFSCs and (B) Hyp-rAFSCs both expressed CD29 and CD90,
but do not express CD11b and CD45. Besides, Hyp-rAFSCs expressed CD29 and CD90 higher

than Nor-rAFSCs.
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M  Nor Hyp NTC

Oct-4 164bp

B 112 RT-PCR £F ¥ §F 2 Rf £+ BRI kizw®%2 Oct-4 AFZRLIT o

M : 100bp DNA ladder » Nor : Nor-rAFSCs > Hyp : Hyp-AFSCs » NTC : f #fe ke (% 2
cDNA) -

Figure 11 Analysis of Nor and Hyp-rAFSCs Oct-4 gene expression by RT-PCR.

M: 100bp DNA ladder, Nor: Nor-rAFSCs, Hyp: Hyp-rAFSCs, NTC: negative control (without

cDNA).

Expression of Oct-4

E3A Nor-rAFSCs, P11
Hyp-rAFSCs, P11

Fold change

W 1222 qRT-PCR 27 ¥ § &M £ X QI kizhme 2 Oct-4 AFIZREZF L
# o

Nor-rAFSCs 2. Oct-4 £ %&£ 52 1.00 £ 0.0 ; Hyp-rAFSCs 2. Oct-4 A F| & L&
AOA31£029 F B = EAFL TIOE & R LT 0 MF H Y F ppee o P
<0.005 -

Figure 12 Analysis of Nor and Hyp-rAFSCs Oct-4 gene expression fold change by qPCR.
Oct-4 gene expression fold change of Nor-rAFSCs was 1.00 £ 0.0; Oct-4 gene expression fold
change of Hyp-rAFSCs was 4.31 £ 0.29. Values were presented as the mean + SEM, n=3, Hyp

versus Nor, ***P < (0.005.
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3143 « BE kizhwie 2 B BB AEF AT

CCK-8 2 - A% 1t d 2t Fime Gid S ~ w32 2 4 LRIFEZ § AR A7

B HEFagR FH B tetrazoliumsalt » 4 MTT ~ XTT ~ MTS & WST-1 % - 2 &

Z2_-k % 1 tetrazolium salt- WST-8 > # T 7% fmPe p 2_%t 3 fi* (dehydrogenase) &4 m Ak
BRFFTRFEARY 2RB YR ¢ AF (WST-8 formazan) - 5] WST-8 formazan 2.
AEP A mie MRE A2 B Fla VERFPR TR KE o E%Y B AT
% 11 2  Nor-rAFSCs ¥ Hyp-rAFSCs 4~ %%t % 0~2-4~6~8 % 10 % » 12 CCK-
8 v ¢ ;2P ¥ Nor-rAFSCs £ Hyp-rAFSCs 2. 73 % m"s #icg % #¢h 378 1 5 o

WHHRES 4R 13 277 > B¢ ~ WA Nor-rAFSCs ¥ Hyp-rAFSCs 2 'w#2 3 78
& % 21 mve e 3 I Hyp-rAFSCs 2. ‘m % 3 78 13 5 22 e ficz_ 4 £ 0 AL 5 ¥ . Nor-
rAFSCs & o # ¢ > Nor-rAFSCs *t % 2 % 2 ¥ 7 & 5 (8.79 + 0.54) 3 % ** Hyp-
rAFSCs (1.27 + 0.83) 2 484t » * # w2 c® (10.90 £ 0.68) 1847 ¥ % ** Hyp-rAFSCs
(22440.79) (n=3 » P<0.005) > % 4 < 5= ¥ @2 #m 5 (Nor-rAFSCs: 17.54+1.22
v.s. Hyp-rAFSCs: 16.56 + 3.32) & 'w?z #ic¥ (Nor-rAFSCs: 20.61 £ 0.77 v.s. Hyp-rAFSCs:
18.65 + 1.82) ABiT4alF » A @ > % 6 % B 4> Hyp-rAFSCs 2 ¥ 7 2 5 (2747 + 4.17)
21 mos B (3042 £3.17) PIE 4B F % > NorrAFSCs 2 # 7 & % (21.26 + 1.92)
2 (24.72+0.29) (n=3 > P<0.001) -

Foetat > F 2 rAFSCs M 3B £ BB ?%’g £ % kR kHi# rAFSCs
AP MRTRB 2 M F ER o B RS rAFSCs 2 Mivh e R R 5 Mt B 2
(Phermthai et al., 2010) % 4 %ﬁﬂ 5% O2 M#% = hAFSCs 2 3 S5 4k » ¥ 55 #&
% AFSCs 2 % ¢H 3 » #57 Hyp AJTF 1% rAFSCs 2 4 *h #{ 7 > § w2t ec i
rAFSCs 2 $8 b 3F3 A2 R 1 A 2 &5 % B idsk2 w2 £ > F]@ # rAFSCs £ {7 %
FRAEZGFERRANRELIFELS L LR RYZES s VIR AR
T NIREA Y P2 mre (3P ERee) TR 2 B AR IE 2 £ o
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(A) Proliferation of rAFSCs

100-
- Hypoxia

-~ Normoxia

Fold increase

o a * © PN
Time (day)
(B

~—

Proliferation of rAFSCs

100+ _
- Hypoxia

804 - - Normoxia

Cell number (*10* cells / ml)

Time (day)

Bl BFFemird I kdoel 3 L0 R Ko
(A) fwme B % (B) e lico FAHBANZ EAF2 TI06E + BEFLE A 0 K5
B F 4prt > ¥REP <0.005 0 **E*P <0.001 -

Figure 13 Comparison of Nor and Hyp-rAFSCs growth curve.

(A) Cell numbers; (B) Fold increase versus of day 0. Values were presented as the mean +

SEM, n=3, Hyp versus Nor, ***P <(.005, ****P < 0.001.
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3144 « HERizwe2 = kAL B0

% rAFSCs £ 4 & MSCs 4p iz 4% > @ MSCs £ 4 A it 5 ¢ ik = faimee 4
(A ~Pgipdie ) 2 Beae o we#-% 11 & NorrAFSCs ¥ Hyp-rAFSCs :i& 7 %5 %% ~
Ategt 2%, ZLouBREIF 14 5% 21 22 % 21 A8 FLS 2 2

o

I

Nor-rAFSCs ¥2 Hyp-rAFSCs " fg3pig A ib 2. 44 B % > %ﬁ“v} Oilred O #-73 %%
Fhiied (B 14A 3 D> $ie- H#4d 2rem 28445 2587 Nor
rAFSCs (249.4 = 11.71) # Hyp-rAFSCs (240.6 = 7.837) 2. %3902 A (v 2 % & % B 3%
APt aEFALRE (B 14-E)> #57 Hyp AJZ¥ rAFSCs *t 3£ % 14 % {52 #gipa)
mPEDAEM P L ﬁ s FL R A E A LR E"J%%‘v} Alizarin Red stain (ARS) #-47
2 Fweieiv4d (B 15-A 2 D) H4 4 28 %% %7 Nor-rAFSCs 4 i 5 & F
v 2 B S % ¥ % HyprAFSCs ‘& (1189 + 24.55 v.s. 597.6 + 60.28 » n=3 » P <
0.005) » ¥ Hyp AL ¢ % i< rAFSCs ** % 14 2 34 SA ¥ w2 i 4 (B 15-
E): ZAm v gch A it @25 ¢ »Hyp &2 Hyp-rAFSCs I 7 ¢ 3= gt ¥ vz 3k (B 16)>

Flp i) Hyp AULE 4 i & & (740 % 2 0 h 2 A 1 a ) o
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Nor

Hyp Hyp-rAFSCs (P11) did not form chondrogentic sphere.

B 16 5 Safranin O % ¢ 2. X RE -kiFiwmoe 21 X 132 F 252 o

(A) ¥ ¥ B ™ NorrAFSCs 2 @it ¥ fmrezfi*r §o3cx B 5 5 200X0 4 5% 5 50 um;

F RS

(B) % %2~ Nor-rAFSCs 2 #ic# smre3k*» 7| <% B3 T 2 Hyp-rAFSCs ¥ % ¢ )=

N

ke e R 2 ¢ e TR ESS S ARk 2 w4 WEAAER I e
¢ o

Figure 16 Chondrogenesis of Nor/ Hyp-rAFSCs (P11) after 21 days by Safranin O stain.
(A) Slice of chondrogentic sphere of Nor-rAFSCs, magnification, 200X scale bar: 50 um; (B)
Magnified partial of the slice of chondrogentic sphere of Nor-rAFSCs; Hyp-rAFSCs did not
form chondrogentic sphere. Nuclei: black; Cytoplasm: bluish green; Cartilage, mucin, mast

cell granules: orange to red.
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32 MF AL ki HERRARHTEFHERN 2 o

321 %3

UUO & #eA i ™ &t RIF 2 fodr 05t o BP0 B8 2 B B1% 0 1 AR
% (obstructiveuropathy) 5 CKD = %]z - >UUO &3 % 5 47 ~ e - B~ 7 7 S dic
Vo2 HRITRT 7L |2 kB (Yang et al., 2010) - Sun et al. (2013) = 7 & om o] &g
UUO = jieis » " #448 hAFSCs > §in 1 81 2 %18 o ) KT s2 o § i
EHIFRASE LS ’ﬂ,féf_f%i“ TGF-Bl1 % collagenl 2. % & 7 B F A #4822 14>
Bt hAFSCs £ 3 225 UUO # $/ & RIF @422 #ac o b 2h > ¥ § A5 4 )
BMSCs ¢ # CM *t+ B UUO #8227 ¢ » + BiG UUO £ jisis g Trie
BMSCs &2 CM Z #18 > = % &3 MIRPEFR%R A 17 0 PRI A B2 » BMSCs
23 CM 2§ %A BT 5e%2 collagenl~ 1T 2 a-SMA £ E 2 2% » H g%
7 hgr BMSCs &8 CM & § a2+ RE R Faai 2 o (daSilvaeral,2015) -

w1 et o RIF 2 Host # 40 g d Rl Rcp B R BT dfizee s 8 CM 18
PP G- BRFREY LG ESE Bl RIF 23848 XA 4 2 prfrs
FiME 22 AFSCs & 2 CM A F A @2 AFSCs 2 H CM 4 T8
R G Rk A AT R - 2 B 5 KT KF T 4 rAFSCs
ZEFPE Y T E bR o F) o - N EBR D P FE M F AJ22 rAFSCs 2 H

CM A F a4 #teisz RIF ipfp2 v (74> MitA K RIF in B2 TRk 2 MY
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322 %K

fOSATEL A BB (4 P12 P58 T ik#s SDrats () £ 28 § 0 FH i -
659 8~9 & ME H250-350g A i - o B4 8L REEFZ EAFESK

2 UUO 5% (W 17) 22 RIF 2« RA RSB F N 5 AFRFE A QTR
Faitz2 a8 g5 4% Normoxia ¥ Hypoxia = 8% JE&32 &£ 2 rAFSCs 2 #
£ 12 &% (conditioned medium ,CM) > T3t 4548 - ¥ 2 - gk F o - Licd 2

B (W 18) &7 TH BRI K e Ap M A 38 TGF-B ~ a-SMA £ Collagen I

ZATFLIRE LT o

Right

Unilateral ureteral obstruction (UUO)

W 17 B iRl A E RIS .

CEEEP 2 RBARE T 13 AR (4/0) @FRAC S B b B

F_*

2 WY ARE > 5 G A% RIF; Wik $% -+ FP 4 Noun Project (Philip
Hogeboom) °
Figure 17 Unilateral ureteral obstruction (UUQO) model.

Rat abdomen was upward: ligated the lower third of the left ureter twice with sutures (4/0),
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cut between the ligatures and induced RIF after 2 weeks. W: week; Kidney cartoon picture

was created by Philip Hogeboom from Noun Project.

(A)
Induce RIF Stem cell therapy
DO D2 (WO0) W1 W2
uuo Transplantation Sacrifice Sacrifice
4 rats/ group rAFSCs : 1*10° cells / 2 rats/ group 2 rats/ group
CM: 500 pl
3 replicates
(B)
® Control
@ @ UUO + Nor-rAFSCs  ® UUO + Nor-CM
O / @ Sham

® UUO + Hyp-rAFSCs @ UUO + Hyp-CM
® UUO+PBS

W 18 M A X kizwe 2 L FEE B LR AT F PR Frc2 RaR -

(A) * RFEFgat < e 2 2w o inz 5 (B)i#5% 25|  RIF © Renal
interstitial fibrosis ; CM : Conditioned medium ; D © % ; W @ i¥ o

Figure 18 Process chart of therapeutic effect of hypoxia-preconditioned amniotic fluid
stem cell on rat renal interstitial fibrosis.

(A) Process of RIF surgery of rats and stem cell thrapy; (B) Experiment groups. RIF: Renal

interstitial fibrosis; CM: Conditioned medium; D: day; W: week.

52

doi:10.6342/NTU201900384



323 Hpe S s

3231 @ %
AR TR

* 7

“~

SD rats fxPp 30 EErfL A S PR F PTD P

0 8~9 ¥ 0 fR

%) 250~350 g o A& B IL0E 24 3.1.3.1 #Fif e

3232+ REAE 2

*ﬁ(?)uﬁé»m2~0%ﬂMMi§Fﬁﬁ§%rﬂiﬂwé’%ﬁmﬂb1%$@

BRI Uk

U Koo A B A BRI

P EBEEFD T R
ERRERAC R

A A

#z 7 ftrypan blue 2

- BRSO AR AT FIR AR trypanblue %4 @

< BT

E)

] ;%;}?_L_ o

TN AL X3

P BARKG 4 2

A
(¢ 5 5%~ TFme T
ﬂﬁﬂﬂxéj@%

31G % § 4302z

AR

53

7 2 4%
5P 2518

R g™

AOEROCE o iea S AUkt

PR AR B R 1 e

P ABTRE R B

) £ x'J%’Ly_ fs o 11 %’L.w_ F‘i*’\‘lir"‘\!:' AT

—‘ép’;’gﬂj‘*" Hepb o AR T H S 0

TE-‘J‘T‘:L

?)##7’ (r] 19A)’ 1<
WES (B 19-B 2 D)»
2 FAE A (B 19-

* BN FE AR VaA

doi:10.6342/NTU201900384



W 19+ R AR E 2 mRT LW

(A) #-trypanblue /1t p LE P g4 5 (B) 2R ¥ p5E¢ 5 (C) BB LI RE
(D) BHERFES ; (B) Boorop fa o BRRSE S FE 2 Rrpd) o

Figure 19 Schematic diagram of rat ureter confirmation.

(A) Inject trypan blue into translucent tube; (B) bladder exhibited normal color; (C) bladder
exhibited blue; (D) bladder exhibited dark blue; (E) Relaxation of the bladder muscles, causing

the urine which was stained blue urinated.

3.2.3.3 H RIg AR E W2 & RCS £ i i

% E(8) MG (0.2~03ml/rat) K& FFRA ST AL R EINHS 0 e s
B FET RN o BRI RR AP A N F B TO%EH A - &
HrER-Fr2RFAST (F1) #Fp AN RTRAEN 43 5 o6 &
RAR e R Aog THEyvE g DI BAIBFREG T (B 20-A I B 20-C); #
o AEIR L PR RTHRE » ABTHRY F s g4 I TR
RERE RS RIBRE T 13 A (4/0) ERR S S B BREE
2 BT R RE (R 20-D 3 W) 20-F) M0 pFA 0 2 % 5 45w RS A g e g 2 AL
B (B 20-G)> FRBEINEE GRS DR R AP GO R A A S B R

T w B4 3 liﬁﬁﬁg
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Bl 20 + B I ARE RN 2 £ AR L

(A) f9¢ S BAK(B) FBep & 5(C) 1% BAIEHFR G o5 (D) 5367

(B) 2 RIW/E T 1/3 At (4/0) 7

it

B 5 (F) » - B d gz T4
ﬁg?lfj\-g ' (G) EG v o 24 %Eﬁlﬁa?]f]\? SR F RS ZE L ES RER Lk
Figure 20 Schematic diagram of surgery process of UUO model of rat.

(A) Cut the skin layer from ventral line; (B) cut the muscle layer; (C) used the retractor to
shove off the wound; (E) ligated the lower third of the left ureter with a silk (4/0); (F) Cut
between the two ligatures; (G) suctured the wound. Black arrow: ureter; yellow arrow: left

kidney; blue arrow: bladder.
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o AT
=t nb

3234+ RE kw2 HiEt 2 X280

-+ B {a’—ﬁ» (0.1ml/rat) & {7 Fppsfe » B30 Bw 4 FHZEP 0 T a 47 * &‘\"&fﬁ o
rEie 70% GEPH SRR X R AT T 2 13~ /4 Rt 2 RIERIEE L
¥ % 4+ (Terumo, SR+OX2419C9) ] » % » HFp EFRFTE 4PN BRI v o {80 30 114
B EREETERR (B 21) ¥ EF rAFSCs (1 x 10° cells/ 500ul in D-PBS)
& rAFSCs-CM (500ul) 2z 1ml 4§ » 3§ 3 2 500ul / 30s i# & ;i % AFSCs &

rAFSCs-CM I # %% b » #5215 £ v pp 4 SRAe B A HE B 0 b ok 15 % BLIY R85

NAw EE o FHERR

W 21~ REe#FRIGTLE -

(A) =d¢ maME < BEIE F>#E% ;(B) + &k RFRLPL -

Figure 21 Schematic diagram of tail vein injection of rat.

(A) The red dashed line means the dorsal tail vein of rat; (B) The blood was returned from the

lateral vein of rat.
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*ﬁiiﬁﬁ\ﬁﬁﬁﬁ%ﬁﬁwé*ﬂiﬁi’%??%ﬁ%@ﬁ%iﬁzﬁ
AR s Vol RER AR R B RE TR 2 %L £ EFF RIF #%

WEghen e

L

i

3.2.3.6 THRESFEL I

SR ES (02~03ml/rat) & FRAE S EE 2 IS o gp e
RN ERE R A IR cTRAEY 41 5 2 A E
FIBHRG BN RITH AREGF T2 2T 1 D-PBS Bixis» 4% T
(renal capsule) I % B~— %4 TR v (g Famn s IRk Ao FIA TR
4% PFA 22 2 R s 4 2 R AP PR IPRFLME 58 (EAS 3 um)- »

/> %) 11 H&E staining £ Masson's Trichrome stain & 74 ¢

gqRT-PCR

HE,
Masson Trichrome

Right Maximum

area

gRT-PCR

W 22 R-FEF2F# 2k -

T mMAF2 T%E < % f#* > HE £ Masson’s Trichome stain > H 4% >+ qRT-PCR
47 o B %R+ & BB~ p  Noun Project (Philip Hogeboom) °

Figure 22 Sampling location of the right and left kidneys of rats.

The maximum areas of the kidneys between the blue dashed lines were used for HE and
Masson’s Trichome stain, and the rest was used for qRT-PCR analysis. Kidney cartoon picture

was created by Philip Hogeboom from Noun Project.
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3337 TRz Bt o3 EEA T
FE R EeR L P4 F i (quantitative reverse transcription PCR, qRT-PCR) &
R

B L e

z g 2 3 4535 TGEF-B ~ a-SMA -~ Collagen] 2. A F4L R E R F LR o

3.3.3.8 * T % RNA 2 3B

Jo b THESHL > 4o r Tml 2 GENEzol™ Reagent ( Geneaid, MC32701) #-%
HEIBF I HF RS GENEzol™ Reagent Z /R £33 » 4> 1ml 8 &% 4
» 100 pl 1-bromo—3—chloropropane (BCP)> ZF R £33 S E 2R F & 15 » 451>
g (12,000xg > 15 ~ 450 4°C) > Bok F K 2.3 7% (RNA) I *t372. [.5mltube > 4¢
»er b Ko s B2 isopropanol » BB LG ESNEEF K 10 A4 B
(12.000xg " 8 4 46°4°C)» % % 1 if-i » 11 75% JFp i RNA BI3= % (5 » % RNA
BBFior s 2 Bk EwR (A2 K BRBB ALY 20~30u & Si27w

%) » B8 2 Nanodrop /B2 RNA 2. OD i& » & ¥ 3t -80°C %75 o

3339 FEEF &

HF B2 RNA 4o &4 Wokpel & Ipg/ tube (6.4 ul) > # ¥4 * DNase I,
Amplification Grade % X (Invitrogen™, 18068015) » i* /& 2L 4r » DNase I 2 10X
DNase I reaction buffer [200 mM Tris-HCI (pH 8.4), 20 mM MgCl, , 500 mM KCI] z./& &
i (0.8ul:1pl)» % 22°C F Jis 15 A4k > 2% 4~ 0.8 ul 25 mM EDTA (pH 8.0) » **
65°C * J& 10 ~ 48 > £ 4r » High-Capacity RNA-to-cDNA™ Kit (2X RT Buffer Mix £
20X Enzyme mix 2_;® &% > v“ &5 10 ul: 1 pl) (Applied Biosystems™, 4387406) » *+ 37

°C FE 60 ~48-95°C F J 5 »~ 48> (s #3 4& DNA (complementary DNA, cDNA)
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B3 -20°C

-

F

3.3.3.10 TR & pedasd ¥ & (Real-time polymerase chain reaction, qPCR)

# cDNA #2{7- & ﬁrﬁ » B~ 2 ul ﬁrﬁ i ¢cDNA 4 » 10 pl Fast SYBR™ Green

Master Mix (Applied Biosystems™, 4385612) ~ 2 ul primer mix (10 uM) (Genomics) (% 7

dod T Pror) B2 oo ul A A Bk (A 20 pl/ well) R £353 > & *  StepOnePlus

Real time PCR system (Applied Biosystems) >

121 95°C 20s (holding stage) ~ 95°C 3s »

60°C 30s 40 cycles (cycling stage) ~ 60°C Imin + 65°C 10s + 95°C 10s (melt curve stage) =

{7 qPCR e gt #h » F] QPCR FACAR B >t ® BHSM 3 BT (73 gL s

B tre o d 3 Ct Bt SD BAp4 + +d FREZEFR

2 TTRFFRar2ilzA7 -

Table 7 RIF primer sequence.

AT

RIF primer sequence
Primer ID Sequence (5’ 2> 3’) Product Product length (bp)
TGF-B1F CCTGCAAGACCATCGACATG
NM_021578.2 153
TGF-B1R TGTTGTACAAAGCGAGCACC
a-SMA F CCCTCTATGCTTCTGGACGT
NM_031004.2 144
a-SMA R GGTAGTCGGTGAGATCTCGG
Col-lF AACAAGGGAGGAGAGAGTGC
NM_053304.1 143
Col-I R AGAGAAGCTGAGGGTAGGGA
GAPDH F AGACAGCCGCATCTTCTTGT
NM_017008.4 158
GAPDH R TCAATGAAGGGGTCGTTGAT
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Table 8 Calculation formula of RIF molecular markers gene expression.

. . . Gene
Left-kidney Right-kidney ACY, (e | ACHR (ight AACH Expression
Ct mean (L) Ct mean (R) kidney) kidney) Fold Change
Housekeeping
Gene (H) HL HR
TL-HL TR-HR | ACt-ACtg 2M-AACH)
Tested
Gene (T) I TR

Left-kidney Ct mean (L) 2. Housekeeping gene (H) £ Tested gene (T) 4 %] fi 25 HL
22 TL ; Right-kidney Ct mean (R) 2. Housekeeping gene (H) 22 Tested gene (T) 4 %] 4
#s HR & TR #&H S5 2M-AACt) 27 A FIEARE B F o

Housekeeping gene (H) and Tested gene (T) of Left-kidney Ct mean (L) were respectively
refered to as HL and TL; Housekeeping gene (H) and Tested gene (T) of Right-kidney Ct mean
(R) were respectively refered to as HR and TR; gene expression fold changes of the tested

results were represented as 2"(-AACt).

3.33.12 2uitrE SR A

9 %2 ¥y @ * GraphPad Prism 6 #it4% 7 2 Tukey's multiple comparisons test
£ Sidak's multiple comparisons test #-E&JZi5fE A 3 b o T U T iEE + EEEL

(mean + SEM) # 72 » P<005 PP &S FHL G HFLE -
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AiFEH% R 8~9 it# SDrats £ 28 & > f#E X 250~350g ) WA - o &
B 5 ¥ PR 2 (control) ~ B jiF i (sham) ~ vehicle # 8 % (UUO + vehicle) ~ Nor-rAFSCs
#% 12 %2 (UUO + Nor-rAFSCs) ~ Hyp-rAFSCs # {2 2 (UUO + Hyp-rAFSCs) ~ Nor-CM #
{ % (UUO+Nor-CM) ¥ Hyp-CM # f£ & (UUO+Hyp-CM) &3 UUO = jiFs 1 43
- FE - RSN RE S RME Hg R s A E X AT UUO #+jism R
WMETH2Z a2 HBER e BT % TOF S RSEF R e BRI E A2

Eh A TR FATRILRRE -
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(A) UUO = fiesh 22 UUO < jiFis (45— 1¥15) 2+t fi s (B) UUO < fiesi 22 UUO £ jie

B ) 2 PG REIE T I FAF2 T0E £ L A7 *P<0.05

**P<0.01 » ***P<0.005 > ****P<0.001 ; BW: 42 & & > pre-UUO surgery : UUO +

A o post-UUO surgery (W1) : UUO = jists — iF > post-UUO surgery (W2) : UUO =+ jiw

e i e

Figure 23 Body weight change of rats.

(A) Pre-UUO surgery versus post-UUO surgery (W1); (B) Pre-UUO surgery versus post-UUO

surgery (W2); values were presented as the mean + SEM, n=4-6, *P < (.05, **P <0.01, ***P

< 0.005, ****P < 0.001; BW: body weight, pre-UUO surgery: before transplantation; post-

UUO surgery (W1): after transplantation 1 week; post-UUO surgery (W2): after

transplantation 2 weeks.
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3242 + RTRL R

#4548 Nor & Hyp mJZ2 rAFSCs & CM - ¥ 2 - ¥ {5+ BB 5E 7 oh A
BB VA NAEGHBE- A %5 UUO £ % RIF 2 v 8 2 T4
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Figure 33 Analysis of fibrosis related gene expression fold change of left kidneys by qPCR.
(A)(C)(E) Fibrosis related gene expression fold change of W1-post transplantation, values
were presented as the mean = SEM, n=3-4, P < 0.05; (B)(D)(F) Fibrosis related gene

expression fold changeo of W2-post transplantation, values were presented as the mean + SEM,

n=4-6, P <0.05; W1: .after transplantation 1 week; W2: .after transplantation 2 weeks.
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Figure 34 Comparison of fibrosis related gene expression fold change of left kidneys

between W1 and W2-post transplantation.
(A) TGF-B1 assay; (B) a-SMA assay; (C) collagen I assay. Values were presented as the mean

+ SEM, n=3-6, * P < 0.05, ***P < (0.005; W1: .after transplantation 1 week; W2: .after

transplantation 2 weeks.
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