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Emerging Hypothesis of Adult Stem 

Cell Function

Paracrine (software) stimulation of 

endogenous repair, rather than direct 

tissue regeneration (hardware), is 

increasingly accepted as a major mode 

of therapeutic stem and progenitor cell 

action

Secretion of 
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Differentiation

(e.g., SkMC, EC, SMC)

Activate endogenous 
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Overview of Talk

ÅIntroduction to adipose-derived stem 
(stromal) cells (ASCs)

ÅEvidence supporting paracrine
mechanisms of action for ASCsé  (with 
a twist)

ÅPreclinical studies for application to:

ïperipheral vascular diseases

ïneurological disorders

ïwound healing



Adipose-Derived Stem (Stromal) Cells

ÅSubcutaneous Adipose Tissue contains 

pluripotent cells that can differentiate into multiple 

cell lineages in vitro, including neurons, skeletal 

myocytes, osteoblasts, chondroblasts, 

adipocytes, vascular wall cells, and possibly 

cardiomyocytes

ÅThese cells are found in the stromal (non-

adipocyte) fraction of the adipose tissue

ÅThey may be readily expanded in vitro

ÅThey can be harvested from a patient in a simple 

outpatient procedure in large numbers (100-300 

million in a single procedure from ~100-500 g fat)



Isolation of ASCs 
lipoaspirate

abdominoplasty

finely mince

filter through 0.2 mm mesh

collagenase at 37o with shaking

low speed centrifugation

remove top layer

lyse residual RBC

culture 1 hr to overnight on plastic

collect pellet and wash 3x

adipocytes

stromal-

vascular 

fraction (SVF)

ASCs

wash away non-adherent cells



Human ASC Phenotype
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Cultured in EGM2-MV medium



Evidence Supporting Paracrine 

Effects of Stem Cells
ÅRehman et al., 2003. Circ. 107:1164
ïBlood-derived ñEPCò are actually non-replicating 

monocytes/macrophages 

ïRich source of growth factors and cytokines

ÅRehman et al, 2004. Circ. 109:1292

ÅKinnaird et al. 2004. Circ Res. 94:678
ïConditioned medium from cultured MSCs effectively 

promotes ischemia reperfusion

ÅVictor Dzau and colleagues
ïMSCs genetically modified to overexpress Akt

demonstrate enhanced efficacy primarily through 
elevated secretion of trophic factors

ÅCai et al. 2007. Stem Cells. 25:3234



Kinetics of Repair Suggest a 

Mechanism Distinct From Regeneration 

Rehman J, et al. Circulation. 2004. 109:1292.
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Rapidity of the effect suggests mechanisms in addition to 

contributing directly to regeneration of damaged tissues
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ASCs Are Frequently Detected at 

Borders of Regenerating Tissues

Ischemic Skeletal Muscles



ASCs Injected into Ischemic Rat 

Myocardium Persist in Border Zones

HLA-ABC

Ki67

DAPI merge

a-sarcomeric actin (viable 

cardiomyocytes)

Border zone



ÅHepatocyte Growth Factor (HGF) is produced at

relatively high levels by ASCs

ïHGF is a potent angiogenic factor that also possess

pro-survival and anti-apoptotic actions on various cell

types.

ÅRNA interference was used to specifically

silence HGF expression to determine its direct

contribution to ASC potency in vivo.

First Direct Demonstration In Vivo 

of the Paracrine Principle



Lentivirus Vectors Used to stably 

Express shHGF and shCtrl RNAs

U6 CMVshHGF GFP

U6 CMV
nonspecific

RNA
GFP

shCtrl

shHGF

GFP

Cai et al. 2007. Stem Cells



Transduction with shRNA for HGF selectively reduced HGF levels by 5-fold 

( *p<0.01) without affecting ASC expression of VEGF.  

shHGF Specifically Knocks-Down 

HGF Expression
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Tracking the Fate of GFP-Expressing 

ASCs in Ischemic Tissues

ASC-shCtrl ASC-shHGF

Gastrocnemius muscles harvested at 3 weeks following systemic infusion



ASCs Expressing Normal Levels of HGF 

(ASC-Ctrl) Have a Clear Survival Advantage 

In Vivo Over ASC-HGF
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Possible Explanations

ÅDisruption of a paracrine action on 
surrounding tissues

ïSecretion of HGF by ASCs provides local 
support and recruits circulating progenitor 
cells

ïThis induces more rapid reperfusion, which in 
turn enhances survival of engrafted ASCs

ÅDisruption of an autocrine loop in ASCs

ïASCs express HGF receptor (c-Met)

ïKnock-down of HGF could reduce prosurvival 
signaling by c-Met and reduce ASC survival



C-Met is Expressed on the Surface 

of ASCs

c-Met ab

Isotype control ab



Levels of Cell-Associated  HGF Are 

Suppressed by a Much Greater Degree 

Than 5-Fold Seen in Secreted HGF

shHGFshCtrl
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HGF Knock-Down Suppresses 

Activation of the PI3K/Akt Survival 

Pathway

ASC-

shHGF

ASC-

shCtrl



HGF Knock-Down Reduces the Metabolic 

Activity of ASCs Subjected to Serum 

Withdrawal
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Pharmacological Inactivation of C-Met

PHA-665752 (Pfizer) 
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175 -
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-- -- -- -- 1 uM

- Total c-Met

- pMet

HGF
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Inhibition of C-Met Abolishes the 

Potency of ASC In-Vivo

ÅUnilateral hindlimb ischemia model 

ÅSub-efficacious dose of ASC infused iv 
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Conclusions I

ÅHGF plays multiple roles in promoting 

repair of ischemic tissues by ASCs

ïpromotes survival of damaged host tissues

ïpromotes revascularization of ischemic 

tissues

ïis a key autocrine survival factor that 

promotes ASC survival under adverse 

conditions such as ischemia



Development of Neurological 

Applications

ÅBrain presents unique issues for stem cell 

therapies due to the impenetrability of the 

blood brain barrier (BBB) 

ÅTherefore, we chose to initially investigate 

the potential of conditioned medium 

derived from cultured ASCs



Preparation of Concentrated ASC-CM

ASCs cultured to 

confluence
Wash with 

PBS

Add Fresh  

Basal Medium

Conditioned medium was collected and 

concentrated  250 times

24hrs



ASCs Secrete Many Neutrophic 

Factors During Culture

IGF-1, BDNF and VEGF have been 

reported to protect against ischemic 

injury

Multiple growth factors were 

identified by RayBiotech antibody 

array



ASC Conditioned Medium (ASC-CM) 

Potently Protects Neurons From Apoptosis
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Low K apoptosis model using primary neonatal rat 

cerebellar granule neurons (CGN)

IGF-1 activity in ASC-CM essential for protecting primary 

neurons from apoptosis



IGF-1 Protects Through Akt/PI3K-

Mediated Inhibition of Caspase-3 
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ASC-CM Blocks 6-OHDA-Induced 

Oxidative Damage in Primary Neurons

0

20

40

60

80

100

120

Con 6-OHDA 6-OHDA+ASC 6-OHDA+BME

N
e

u
ro

n
a

l 
V

ia
b

il
it

y
(%

 o
f 

C
o

n
tr

o
l)

**

Untreated Control

CGN exposed to 

60 ɛM6-OHDA

CGN + 30% ASC-CM 

+ 60 ɛM6-OHDA

0

10

20

30

40

50

60

70

80

6-OHDA

only

1%ASC 3%ASC 10%ASC 30%ASC 50%ASC

ASC

N
e
u

ro
n

a
l 

V
ia

b
il

it
y
(%

 o
f 

C
o

n
tr

o
l) ** **



ASC-CM Blocks Other Oxidative 

Agents (e.g., H2O2)
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Perinatal Hypoxic-Ischemic 

Encephalopathy (HIE)

o Major cause of acute mortality and chronic 

neurological morbidity in infants and children. 

o Mortality: 20-50%

o Life-long neurological deficit (~ 25% of 

survivors)

o Cerebral palsy, 

o Epilepsy 

o Mental retardation

o No effective clinical treatment available



Hypoxia-Ischemia (HI) Rat Model

7 day-old rats (P7)
1. Unilateral common carotid artery ligation 
2. Hypoxia exposure:8% O2, 92% N2

37 oC
2 hr



1 week

Pre-ASC-CM 

1hr Before HI

Histopathology

1. Behavior

2. Histopathology

8 weeks
HI

Post-ASC-CM 

24hrs After HI

Experimental Protocol



0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

Sham pre-72h ps72

**

**

Protein Factors in ASC-CM Do Cross 

the BBB
B

io
ti
n
y
la

te
d
-A

S
C

-C
M

 i
n
 C

S
F

  

(A
rb

it
ra

ry
 U

n
it
s
)

HI + pre-

ASC-CM

HI + post-

ASC-CM

Sham + pre or 

post ASC-CM



ASC-CM prevents neuronal loss 
following hypoxic-ischemic injury 
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Platform

Morris Water Maze: 

Spatial Learning and Memory


