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Traditional Chinese Medicine

Vital Energy (Qi)：The drive of blood 

氣：血之動力

Blood (the carrier of Qi) ：血：氣之載體

• Dependent on the liver, kidney & bone marrow

• Formation and circulation of blood and Qi is inter-dependent

氣血相生

Genetics

Epigenetics

Environmental 

factors, etc.

元氣

後天之氣

中氣--幹細胞？Stem cells

養氣-- 食物、營養？

營氣-- 免疫？Immunity

Harmony
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Blood borne MSCs - Questions

• Is there MSCs in peripheral blood? 

• When do they show up?

• Where do they come from? 

• What can we learn from them? 

• What are the clinical implications? 
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 In search of blood borne MSCs

Positive Findings

1928 ---- Maximow, A.: Cultures blood leukocytes 
to connective tissue. Arch. Exp. 
Zellforsch.5:169. 1928

1934 ---- Ehrich W. Die Leukocyten und ihre 
Entstehung.  VII Die Leukocyten in der 
Gewebekultur. Ergeb Allg Pathol Pathol Anat 
1934; 29: 1-

1956 ---- Hulliger L. Uber die unterschiedlichen 
Entwicklungsfahigkeiten der Zellen des Blutes 
und der Lymphe in vitro. Virchows Arch Pathol 
Anat Physiol Klin Med 1956; 329: 289-

1958 ---- Paul, J. :Establishment of permanent cell 
strains from human adult peripheral blood.                   
Nature 182: 808. 1958.

1969 ---- Stirling GA, Kakkar VV. Cells in the 
circulating blood capable of producing 
connective tissue. Br J Exp Pathol 1969; 50: 
51-. 

Negative Findings

1965 ---- Ross R, Lillywhite IW. The fate of 
buffy coat cells grown in subcutaneously 
implanted diffuseion chambers. Lab. 
Invest 1965; 14: 1568-

1967 --- Rangan SRS. Origin of the 
fibroblastic growths in chicken buffy coat 
macrophage cultures. Exp. Cell Res 
1967(3); 46:477-487. 

• Increased number of punctures 
during the collection of a given 
volume of blood did not lead to a 
higher numbers of fibroblastic 
progenitors.

1971---Luria EA, Panasyuk AF, Friedenstein 
AJ. Fibroblast colony formation from 
monolayer culture of blood cells. 
Transfusion; 1971: 11(6):345-349.



 In search of blood borne MSCs

Umbilical Cord  Blood (UCB)

• MSCs have been found in UCB

• More stroma tissue than bone formed when transplanted

• Slower to establish in culture

• Lower progenitor frequency than 

BM

• Source limited

• Allogeneic transplantation



Day 2 Day 8

20% FCS  DMEM

TRAP positive 

multinucleated 

cells

Arthriris Research, 2:477-488, 2000

Evidence for MSCs migration 



Journal of Cell Biology, 153: 1133-9, 2001

Fibroblastic morphology

ICC for blood-derived adherent cells



2000. Stem cells 

18:252-260

2001. J Cell Biol.  

153:1133-1139

CD34 -/low

Osteocalcin+

PB-derived 

adherent, clonogenic, 

fibroblast-like cells

2000.  Arthritis Res.

2:477-488

Osteogenesis in vitro

CD34-/CD45-/CD14-/CD3-

CD105+/typeⅠcollagen+

CD34-/CD45-/CD14-

CD44+/CD106+ / TypeⅠcollagen+ human cells

CD105-/Alkaline phosphatase -/ strol-1-

Osteogensesis in vivo; Adipogenesis in vitro

human

human

Progress to date

Circulating osteoblast-

lineage cells in humans.       

New Engl. J. Med. May 12, 

2005. 

• Sorted osteocalcin+ 

cells in children

• Formed bone in vivo 

• Increased numbers in 

three adults with recent 

fractures. 



Stem Cells 2007; 25:69-77.
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PB-MSCs are rare in the normal adult peripheral blood 

• 1 MSC in ~ 2x109 PB-MNCs vs. 1 MSC in 1x106 BM-MNCs

• Numbers of  PB-MSCs increased in patients with fracture and tumours  
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• Femoral closed fracture was created 

in 12 male SD rats (age 12 weeks) 

with intramedullary nail fixation. 

• 0.5 ml Peripheral blood was taken 

from the eye vein at day before 

fracture, 3, 7, 11, 13, 20, 27 post 

fracture; CD45 and CD 90 were 

used to labeled the cells as 

representative markers for 

circulating MSCs and subject to 

flowcytometry analysis. 

Changes of circulating MSCs during fracture healing in rats



Results:  Changes of blood MSCs (CD45-CD90+) 

during fracture process



Results:  Characterization and differentiation potentials 

of Circulating MSCs



30 mls of peripheral blood collected from 8 fracture patients, 

at  3  time-points after fracture ( days 1-3, 9-12 and 16-21)

and also from 3 normal volunteers and 3 established non-union

Peripheral blood mononuclear cells (PBMNCs) isolated using 

LymphoPrep™ density-gradient-centrifugation procedure. 

Blood

Lymphoprep

Before

Study of Circulating MSCs in Fracture Patients

After

Buffy 

coat

Centrifugation 400 g  20 min

ICC 

Culture

2-4 weeks 

RT-PCR 
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Immunostaining  profile of the PBMNCs from a patient 

with  tibial shaft fracture, at day 7  post- fracture

BMP-2 Type I Vimentin

BMP-4
Cbfa-1

CD 34 CD 45 CD 14

Control

16



None/fewSome Manyfewcells

48                        35cases

Control 

(normal) 

> 14 days                  Non-union

Post-fracture            patients

< 4 days

Post-fracture

Summary of cell culture results
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Alizarin red S d42 × 100 ALP d21 × 100 Osteocalcin d21 × 200 Collagen type І d21 × 200

Oil red O d21 × 400Alcian blue d21 NGF x24 hr Neurofilament, × 200

Matrigel 3D, 72h, x100 Non-cell Ca-P Block, 3M PBMSCs Ca-P Block, 3MNude Mice Implantation 

Differentiation potentials of human PBMSCs from Non-
union patients
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MSCs home to a variety 
of tissues, particularly 
after tissue injury and 
ischemia.

MSCs Home to Injury Sites – Systemic Recruitment

Miyahara Y, Nagaya N, Kataoka M,et al . Monolayered

mesenchymal stem cells repair scarred myocardium after

myocardial infarction. Nat Med. 2006 Apr;12(4):459-65.

Carvalho KA, Guarita-Souza LC, Hansen P,et al. Cell

Transplantation After The Coculture of Skeletal Myoblasts

and Mesenchymal Stem Cells in the Regeneration of the

Myocardium Scar: An Experimental Study in Rats.

Transplant Proc. 2006 Jun;38(5):1596-1602.

Gnecchi M, He H, Noiseux N,et al. Evidence supporting

paracrine hypothesis for Akt-modified mesenchymal stem

cell-mediated cardiac protection and functional

improvement. FASEB J. 2006 Apr;20(6):661-9.

Kraitchman DL, Tatsumi M, Gilson WD, et al. Dynamic

imaging of allogeneic mesenchymal stem cells trafficking to

myocardial infarction. Circulation. 2005 Sep

6;112(10):1451-61.
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MSCs-like cells increased in patient with osteosarcoma, 

PBMNCs culture; 14 days; 40x

Flow cytometric analysis demonstrated an >9-fold 

increase in the number of cells with MSC-like phenotypes 

CD34(-)CD45(-)CD105(+) in patients with bone 

sarcomas compared with control subjects (p<0.05). 

Bian, et al.  Increased number of mesenchymal stem cell-like cells in peripheral 

blood of patients with bone sarcomas. Arch Med Res. 2009 Apr;40(3):163-8



Summary -1: PBMSCs

• Is there MSCs in peripheral blood?  

– Yes, they do exist.

– The number is significantly reduced 

with development/maturity, rare in 

normal adult. 

• When do they show up?

– In conditions such as serious injuries, 

inflammation and cancer, et al. 
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Where do the blood borne MSCs 

come from ?  Bone marrow ?

22



MSCs are recruited from bone marrow cavities and home to 
fracture sites through peripheral circulation. 

Bone marrow 

harvested

Rabbit bone marrow 

MSCs culture

Shirley D, et al, Journal of Orthopaedic Research, 2005, 23 (5): 1013-21. 

X 100
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Re-implantation of 

the labelled MSCs

BM 

harvest

Ulnar

defect

Ear vein   B

Fracture    

site          A

Remote      

BM site   C

Culture

3 weeks

48 hours

post  Fx

Control     E

In each group some animals 

were sacrificed at 3 & 12 weeks

Shirley D, et al, Journal of Orthopaedic Research, 2005, 23 (5): 1013-21. 24



– Liver, lung, kidney, and spleen, 

– Also cytospins of BM and blood

– (representative samples only)

The tissues retrieved for frozen section – (5ųm)

Gap tissue

Animals were 

sacrificed at 3 

and 12 weeks 

after cell 

implantation
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Labelled cells from remote marrow were identified in 

fracture gap ( Group C )

PKH 26 

labelled cells

Gap tissue 

x 40,

at 3 weeks

Labelled 

osteoblasts

Shirley D, et al, JOR, 2005, 23 (5): 1013-21. 
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• Some osteoblasts integral in fracture repair come from remote 

bone marrow. 

• They are actively recruited through the peripheral circulation.

Summary -2: PBMSCs

Bone

Marrow 

Other parts

Injuries

Inflammation

Infection

Cancer

Cell harvest

-avoid graftCell delivery

Systemic

Release

Genetic

Engineering

Cytokines

Growth Factors

Cell

Therapy Source
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18

PB samples

male

3 ~ 6 month old

BM samples

7/18

18/18

ICC, Flow Cytometry

3
3

Microarray

1

Single colony derived strains

What are the difference of PB-MSCs and BM-MSCs?  Compare the biological characteristics of the MSCs derived from 

peripheral blood and bone marrow in the GFP rats.
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Surface Markers of BM-MSCs and PB-MSCs

BM-MSCs

PB-MSCs

CD44 CD90 CD73 CD34 CD31 CD45

CD44 CD90 CD73 CD34 CD31 CD45
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Osteogenesis – staining with Alzarin Red

BM-MSC                             PB-MSC

 Results – Studies of multi-differentiation potentials 

PB 

samples

BM 

samples

Unlimited 

dilution method
Single colony 

derived strains

Multi-differentiation 

potential studies

Osteogenic 

inductive condition

Control
Induction

Control Induction
Adipogenesis – staining with Oil Red O

BM-MSC                               PB-MSC

Adipogenic inductive 

condition
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In vivo osteogenesis 

of PB-MSCs

PB 

samples

BM 

samples

Unlimited 

dilution method

Single colony 

derived strains

Implantation 

for 3 months 

A: PBMSCs B: BMMSCs

C: Bone-derived OBs D: Skin-derived fibroblasts

E: GFP AB Immunostaining F: Control
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PB vs. BM (>2fold, E-B/B-E>100, p<0.05, 167 genes)

83 genes are up regulated

84 genes are down regulated

Microarray Results

Clustering analysis

S5
 BM

S4
 BM

S6
 BM

S5
 PB

S4
 PB

S6
 PB

type
name

B B B P P P
S S S S S S

-3.0 -2.3 -1.7 -1.0 -0.3 0.3 1.0 1.7 2.3 3.0

caudal type homeo box 2

ESTs

"ESTs, Weakly similar to  carboxypeptidase E [Rattus norvegicus] [R.norvegicus]"

3-phosphoglycerate dehydrogenase

"ESTs, Weakly similar to  four and a half LIM domains 2 [Rattus norvegicus] [R.norvegicu...

cyclin D2

ESTs

"ESTs, Weakly similar to A41220 transforming growth factor beta receptor type III precur...

fibroblast growth factor receptor 3

ESTs

"ESTs, Highly similar to TRAM_HUMAN TRAM protein (Translocating chain-associating m...

wap four-disulfide core domain 1

"ESTs, Moderately similar to SGCG_MOUSE Gamma-sarcoglycan (Gamma-SG) (35 kDa d...

"PRKC, apoptosis, WT1, regulator"

neuregulin 1

"RAB3D, member RAS oncogene family"

GATA-binding protein 6

ESTs

ESTs

ESTs

Retinol-binding protein 1

ESTs

Very low density lipoprotein receptor

ESTs

ESTs

 gb:NM_022297.1 /DB_XREF=gi:11560130 /GEN=Ddah1 /FEA=FLmRNA /CNT=21 /TI...

ESTs

ESTs

ESTs

NEFA precursor

Subtilisin - like endoprotease

Very low density lipoprotein receptor

cadherin 2

GATA-binding protein 4

"ESTs, Weakly similar to  hypothetical protein FLJ10357 [Homo sapiens] [H.sapiens]"

Very low density lipoprotein receptor

ESTs

lactate dehydrogenase B

Bone morphogenetic protein 6

Bone morphogenetic protein 6

ESTs

ESTs

"ATP-binding cassette, sub-family B (MDR/TAP), member 1A"

Aryl hydrocarbon receptor

ESTs

"ESTs, Weakly similar to RNL4_RAT Ribonuclease 4 precursor (RNase 4) (RL3) [R.norv...

ESTs

kinase

"ESTs, Weakly similar to A37991 DNA-binding protein Mel-18 - mouse [M.musculus]"

Interleukin 15

serum-inducible kinase

SH3-domain binding protein 4

ESTs

"ESTs, Weakly similar to AT5A_MOUSE Potential phospholipid-transporting ATPase VA [M...

ESTs

"wingless-type MMTV integration site family, member 4"

ESTs

ESTs

ribosomal protein S27

"ESTs, Highly similar to  interleukin 17b; gene for cytokine-like protein [Mus musculus] [M....

milk fat globule-EGF factor 8 protein

aldose reductase-like protein

"ESTs, Weakly similar to  RNA polymerase I (127 kDa subunit) [Rattus norvegicus] [R.nor...

 gb:AB020967.1 /DB_XREF=gi:4827158 /GEN=NIPK /FEA=FLmRNA /CNT=1 /TID=Affx...

chloride intracellular channel 5

"ESTs, Highly similar to  hypothetical protein FLJ10157 [Homo sapiens] [H.sapiens]"

ESTs

ESTs

GATA-binding protein 4

ESTs

SRY-box containing gene 11

"ESTs, Moderately similar to  ankyrin repeat and SOCS box-containing 12 [Homo sapien...

ESTs

"ESTs, Weakly similar to T20117 hypothetical protein C50F4.11 - Caenorhabditis elegan...

Matrix metalloproteinase 23

"BMP and activin membrane-bound inhibitor, homolog (Xenopus laevis)"

ESTs

"small nuclear ribonucleoparticle-associated protein (snRNP) mRNA, clone Sm51"

ESTs

SNRPN upstream reading frame

ESTs

ESTs

"ESTs, Weakly similar to CAH2_RAT Carbonic anhydrase II (Carbonate dehydratase II) (...

ESTs

ESTs

glial cell line derived neurotrophic factor family receptor alpha 1

ESTs

membrane metallo endopeptidase

ESTs

proprotein convertase subtilisin/kexin type 1 inhibitor

Short stature homeobox 2

"ESTs, Weakly similar to KUCR_RAT Kupffer cell receptor [R.norvegicus]"

"ESTs, Highly similar to  polymerase (DNA directed), lambda; DNA polymerase lambda [M...

prostaglandin E receptor 4 (subtype EP4)

ESTs

"ESTs, Highly similar to  RIKEN cDNA 1200013F24 [Mus musculus] [M.musculus]"

ESTs

ESTs

ESTs

RAS p21 protein activator 3

"collagen, type XVIII, alpha 1"

ESTs

Myristoylated alanine-rich protein kinase C substrate

ESTs

mannose-binding protein associated serine protease-1

"collagen, type XVIII, alpha 1"

ESTs

ESTs

arginine vasopressin receptor 1A

ESTs

"2,3-oxidosqualene: lanosterol cyclase"

"solute carrier family 16, member 7"

aquaporin 1

Progesterone receptor

ESTs

diphosphoinositol polyphosphate phosphohydolase type II

ESTs

"ESTs, Weakly similar to FZD2_RAT Frizzled 2 precursor (Frizzled-2) (Fz-2) (rFz2) [R.norv...

ESTs

"ESTs, Weakly similar to B26423 serine proteinase inhibitor 2.2 - rat (fragment) [R.norve...

ESTs

xanthine dehydrogenase

"ESTs, Highly similar to  forkhead box C1; mesoderm/mesenchyme forkhead 1 [Mus mus...

 gb:NM_138850.1 /DB_XREF=gi:20301993 /GEN=Fap /FEA=FLmRNA /CNT=2 /TID=A...

"ESTs, Weakly similar to S23094 beta-amyloid protein precursor - rat [R.norvegicus]"

"Acyl-Coenzyme A dehydrogenase, short-branched chain"

Platelet-derived growth factor receptor alpha

"ESTs, Weakly similar to  C01B7.6.p [Caenorhabditis elegans] [C.elegans]"

ESTs

"ESTs, Weakly similar to  RAB2, member RAS oncogene family; GTP-binding protein [Mus...

"upregulated by 1,25-dihydroxyvitamin D-3"

ESTs

ESTs

ESTs

ESTs

"ESTs, Moderately similar to G02540 nucleobindin - human [H.sapiens]"

ESTs

down syndrome critical region gene1-like 1

ESTs

"ESTs, Weakly similar to NED4_MOUSE NEDD-4 protein [M.musculus]"

early B-cell factor (olfactory neuronal transcription factor 1)

G protein-coupled receptor 88

ESTs

"potassium voltage gated channel, Shal-related family, member 1"

"ESTs, Weakly similar to  latent transforming growth factor beta binding protein 2; LTBP-...

ESTs

5-oxoprolinase (ATP-hydrolysing)

cellular retinoic acid binding protein 2

 gb:NM_138890.1 /DB_XREF=gi:20302074 /GEN=Ehd3 /FEA=FLmRNA /CNT=2 /TID=...

"ESTs, Moderately similar to  hypothetical protein FLJ10652 [Homo sapiens] [H.sapiens]"

ESTs

ESTs

"ESTs, Highly similar to G33_RAT GENE 33 POLYPEPTIDE [R.norvegicus]"

ESTs

ESTs

ESTs

ESTs

"protein tyrosine phosphatase, receptor type, F"

Adenylate kinase 2

ESTs

midkine

ESTs

ESTs

"ESTs, Weakly similar to SZ13_MOUSE Small inducible cytokine B13 precursor (CXCL13) ...

endothelin receptor type B

stanniocalcin 1

calcitonin receptor-like receptor

PB 

samples

BM 

samples

3 paired RNA 

samples - cDNA

Microarray analysis using gene 

chip Affymetrix rat expression 

Array 230A

Data acquisition by Affymetrix Gene 

Chip Scanner 3000. The  initial 

quantification by the GCOS 

(Affymetrix) and followed by DNA-

Chip Analyzer 1.3. 
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Difference in expression of selected genes between PBMSCs and BMMSCs determined by Microarray and real-time PCR

Gene name
PBMSCS 

vs 

BMMSCs

Microarray
Real-time PCR

Fold change P value Fold change P value

Retinol-binding protein 1

up

496.54 0.042 574.00 0.035

Cadherin 2
51.11 0.037 101.00 0.013

Bone morphogenetic protein 6
21.35 0.012 7.17 0.003

SRY-box containing gene 11
17.15 0.040 39.50 0.009

Chloride intracellular channel 5
10.68 0.007 3.07 0.023

Small nuclear ribonucleoparticle-associated 

protein (snRNP) mRNA, clone Sm51
10.35 0.007 3.89 0.000

Aquaporin 1

down

-94.01 0.048 -75.70 0.011

Arginine vasopressin receptor 1A
-15.31 0.030 -11.60 0.011

Prostaglandin E receptor 4 (subtype EP4)
-13.13 0.048 -4.56 0.000

Collagen, type XVIII, alpha 1
-10.23 0.000 -2.23 0.004 34



Function of genes with >10 fold change (PBMSCs vs. BMMSCs)

PBMSCs

vs

BMMSCs

Gene Function

up

Retinol-binding protein 1 (+496 

fold)

Embryonal development, vision, epithelial differentiation, immune function, 

reproduction

Cadherin 2 (+51 fold)
Calcium dependent cell-cell adhesion glycoprotein, gastrulation, asymmetry, 

synapses, cancer development and stem cell homing

Bone morphogenetic protein 6 Osteogenesis, early development

SRY-box containing gene 11 Sox11, oligodendrocyte development, DNA binding, transcription factor function

Chloride intracellular channel 5 Choloride channel activity, remains unclear, no in gene bank

Small nuclear 

ribonucleoparticle-associated 

protein (snRNP) mRNA, clone 

Sm51

May be involved in tissue-specific alternative RNA processing events

down

Aquaporin 1 (-94 fold)
Integral membrane protein that is a major water transport molecule in the 

kidney proximal tubule and red blood cells, membrane permeability

Arginine vasopressin receptor 1A 

(-15 fold)
Encodes a receptor for arginine vasopressin, G-coupled receptor activity

Prostaglandin E receptor 4 

(subtype EP4)

Binds prostaglandin estradiol (PGE(2)) and induces cAMP-dependent bone 

resorption

35



CRBP1 Over-expression promotes osteogenic 

differentiation of BM-MSCs 

MSCs-

dsRed

MSCs-

CRBP1

MSCs-dsRed, x40 MSCs-CRBP1, 

x40

MSCs-dsRed, x10 MSCs-CRBP1, x10



2012, June, 

IF:4.96



Structure of N-cadherin and other major 

classes of adhesion receptors. 

Frenette and Wagner,  N Engl J Med, 1996

 N-cadherin plays a 

role in mediating signal 

transduction events 

during bone development 

(Guntur et al., 2011).

 N-cadherin has been 

shown to interact with 

Wnt receptor LRP5 to 

negatively regulate 

Wnt/β-catenin signaling 

(Hay et al., 2009). 

N-cadherin: calcium dependent cell adhesion glycoprotein 



2012, November, IF: 3.4



SOX11: Group C HMG (high mobility group) 
transcription factor

 Sox11 is expressed at high levels in developing sensory 
neurons and is hypothesized to regulate neuronal maturation 
(Hargrave et al., 1997).

 Sox11 knockdown suppressed the self-renewal capacity, 

reduced the osteogenic and adipogenic differentiation potential 

in MSCs (Kubo, Shimizu et al., 2009).

Sox11-deficient embryos at 18.5 dpc, Elisabeth Sock, et al., 2004



SOX11 promotes osteogenesis and migration of MSCs

FASEB Journal, 2015; 29(4):1143-52



FASEB Journal, 2015; 29(4):1143-52



 AQP1 is the first molecularly identified aquaporin as water 

channel, which assemble in cell membranes as tetramers.

 Aqp1 was shown to promote tumor angiogenesis  and 

endothelial cells migration(Saadoun, Nature 2005,434,786–

792 ).

What is Aqp1?

Tait MJ  Trends Neurosci. 2008 Jan;31(1):37-43.



Aqp1 enhances migration of B-MSCs through regulation 

of FAK and β-catenin 

Stem Cells and Development, 2013



The use of Aqp-1-MSCs administration enhanced fracture healing. 



Aqp1Aqp1BM-MSCs

PB-

MSCs

Fracture

N-CadherinN-Cadherin

Sm51

Sox-11

CRBP-1

Sm51

Sox-11

CRBP-1

Differential 

Genes

MigrationMigration

OsteogenesisOsteogenesis

OsteogenesisOsteogenesis

Summary -3: PBMSCs
Many novel genes were identified by comparison of PB-MSCs 

and BM-MSCs, some of these genes appeared to be important 

in regulating MSCs differentiation and migration potentials.



Blood borne MSCs - Questions
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Fig. 2

Week 12

Week 8

Day 0

PBMNC

Skelite

BMMSC

Skelite

PBMSC

Skelite

Skelite 

Alone

Empty 

Control
Groups• Rabbit 

• PBMSCs

• Repair 
cortical-
sized bone 
defect

Wan C, He Q, Li G.

Allogenic peripheral

blood derived

mesenchymal stem

Cells (MSCs) enhance

bone regeneration in

Rabbit ulna critical

sized bone defect model.

Journal of Orthopaedic

Research; 2006;

24(4):610-8. 
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http://www.qub.ac.uk/cm/os/gli/papers/Rabbit PBMSCs regenerate bone defect.pdf
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http://www.qub.ac.uk/cm/os/gli/papers/Rabbit PBMSCs regenerate bone defect.pdf
http://www.qub.ac.uk/cm/os/gli/papers/Rabbit PBMSCs regenerate bone defect.pdf


Systemic administration of allogenic BM-MSCs promoted 

fracture healing in rats (Cell Transplantation, 2015, in press) 

PBS Control         MSCs Heart Fibroblast Hear          MSCs Local

Inj. 

1w

2w

3w

4w
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Study of survival of allogenic MSCs in-vivo 

Allogenic Luc-MSCs injected into the fracture site in mice, and were 

monitored using in vivo imaging system.  Allogenic MSCs became 

undectable 14 days after injection.  All animals did not show obvious 

adverse side effects. Stem Cell Research and Therapy, 2015, 6: 206



The tumour environment recruits MSCs

51



Study MSCs Homing to Tumours

TUMOUR CELLS SUBCUTANEOUS IMPLANTATION

Tumour 
xenograft model

Luciferase labelled 
MSCs

Luciferin injection
In-vivo imaging

Day 6Day 3 Day 9 Day 12



TK (Thymidine Kinase)/GCV (Ganciclovir) System

Herpes simplex virus 1 (HSV-1) TK 

enzyme is not expressed in normal 

cells.

HSV-TK converts GCV to 

triphosphate GCV (GCV-TP), 

which is cytotoxic.

GCV-TP causes cell death by 

apoptosis



Anti-tumour effect of systemically administered TK-MSCs in

the presence of GCV in tumour bearing mice.



TK MSCs + GCV TK MSCs Only GCV Only



Gross Sample of RIF-1 tumor in lung day 27



Human Gene Therapy, 2011; 22: 1-11. IF:4.8



Cytotherapy, 2013; 15: 1484-1497.



Conclusions: 

1. Circulating MSCs are important in development 

and diseases. 

2. Their release and homing are tightly controlled 

by genes and local environmental factors, yet to 

be defined. 

3. Potential diagnostic and prognostic markers. 

4. Potential therapeutic benefits of using MSCs 

through systemic administration for promoting 

regeneration and cell/gene therapies.

59



CUHK LiHS-ORT Stem Cell and Regeneration Lab Members

香港中文大学医学院-骨科干细胞与再生医学组-李刚团队

Thank You !
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