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ABSTRACT

Hypoxia preconditioned adipose 

tissue derived mesenchymal stem 

cells improve the survival of 

mouse neural stem cell in vitro 

injury models

Jin Soo Oh

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Do Heum Yoon)

Hypoxic stem cells have resistance of hypoxia condition and hypoxic

preconditioning can increase their tolerance of hypoxia condition after
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transplantation into damaged tissue accompanying with ischemia. In

order to improve survival of the therapeutic stem cells carrying a

reporter DsRed Gene after transplantation into the injured spinal cord,

this study examined the effect of a novel strategy that co-culture the

mouse neural stem cells expressing DsRed (mNSC-DsRed) with

hypoxic preconditioned adipose tissue derived mesenchymal stem

cells(HP-MSC). Hypoxia preconditioning MSC that cultured for 1 day in

hypoxia condition expressed the surface marker CD90 and CD105 like

normal conditioned MSC (N-MSC). It suggest that hypoxia

preconditioning not change the nature caracterization of AT-MSC. In

the hypoxia and serum starvation injury model, the viability of

mNSC-DsRed was clearly increased in by co-culture with HP-MSC or

with normoxic conditioned MSC (N-MSC), compared with

mNSC-DsRed alone. Espesially HP-MSC showed better protective effect

on mNSC-DsRed survival than N-MSC. MSC co-clture system could

inhibit the early apoptosis of mNSC compare to control group in serum

deprivation and oxidative stress injury. These findings suggest that the

strategy of hypoxic preconditioning stem cells and gene delivery

platform using stem cells may represent a more effective stem cell

therapy.

Key Words: Hypoxia preconditioning AT-MSC (HP-MSC), mouse

neural stem cell expressing DsRed (mNSC-DsRed),

co-culture, serum deprivation, oxdative stress
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Hypoxia preconditioned adipose 

tissue derived mesenchymal stem 

cells improve the survival of 

mouse neural stem cell in vitro 

injury models

Jin Soo Oh

Department of Medical Science
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(Directed by Professor Do Heum Yoon)

I. Introduction

In the last few years, the efforts to exert for stem cell therapy have
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been made a transplantation using bone marrow-derived stem cells 1,2,

adult neural stem cells 3, adipose tissue derived mesenchymal stem

cells(AT-MSC) 4.

Adipose tissue has been identified as possessing a population of

multipotent stem cell 5,6. And the phenotypic and gene expression

profiles of ADSC are similar to BMSC 7. Also human have abundant

subcutaneous fat deposits and ADSC and easily be isolated by

conventional liposuction procedures
8
. AT-MSC is multipotential

stem cell that can secrete many cytokines or growth factors and can

also differentiate to other lineages such as bone, cartilage like BMSC.

And transplanted AT-MSCs can secrete bioactive factors such as

IL-1Rα, IL-6, IL-8, G-CSF, GM-CSF, MCP-1, NGF and HGF more

than BMSCs and improved liver function by trophic action of AT-MSC

4. Transplantation of neural stem cell in spinal cord injury model

contributed to promote the locomotor recovery and presented the

opportunity for clinical application 9. Neural stem/progenitor cells

co-transplantation with primary fibroblasts in injured spinal cord

provided a cellular guiding and enhanced the outgrowth of corticospinal

axons in lesion site 10.

Although a transplantation of neural stem cells has beneficial effect to

induce the recovery in host tissue, the most of transplanted cells die

few days after transplantation 11. Because protection of stem cells death

from apoptosis is critical factor for successful stem cell therapy, cell

survival strategies need to promote the survival of transplanted cells

and increase the efficiency of stem cell therapy.
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The induction of neurotrophic factors, anti-apoptotic genes into the

cells 12,13 and the co-transplantation with different stem cells has been

used to improve the transplanted cells. The mixed transplantation of

neural stem cell and NT-3 modified schwann cells promoted the

differentiation of neural stem cells into neuron-like cells and enhanced

repairing of neural stem cells in spinal cord injury 14. Human AT-MSC

improved the differentiation potential and cell migration of mouse neural

stem cells
15
and mouse BMSC also promoted neuronal differentiation of

mesencephalic neural stem cells 16. It suggested that these neuronal cell

survival and regeneration and differentiation were stimulated by some

secreted factors of mesenchymal stem cells 17,18.

Also hypoxic preconditioning of stem cells improved their

neuroprotective ability in ischemic brain injury 19. It suggests that

protection effect is base on up-regulation of endogenous pro-survival

mechanisms and intracellular signaling pathway under hypoxia

conditions 20. Finally stem cells may be express hypoxia inducible

factors such as hypoxia-inducible factor-1α (HIF-1α), erythropoietin

(EPO), VEGF 21,22. EPO plays a critical role in cell survival by serum

deprivation induced cell death in vitro 20. Other group examined whether

culturing MSC in hypoxic conditions improves their tissue regenerative

potential, mice that had received hypoxic preconditioned MSC recovered

faster than the normoxic MSC or control groups in hind limb injury

model 23. Hypoxic preconditioned embryonic stem cells promoted their

cell survival and functional benefits after transplantation into the

ischemic rat brain 10.
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In present study, we hypothesized that co-culture with hypoxia

preconditioning AT-MSC played main role to promote the viability of

DsRed expressing mouse neural stem cells that transfected by non-viral

vector in serum deprivation and hydrogen peroxide injury models.
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II. MATERIALS AND METHODS

1. Cultivation of adipose tissue derived

mesenchymal stem cell and hypoxia

preconditioning

The adipose tissue derived mesenchymal stem cells (AT-MSC) was

donated from the laboratory of the plastic surgery. The AT-MSC was

suspended in Dulbecco’s modiied Eagle’s medium (DMEM, GIPCO)

supplemented with 10% fetal bovine serum (FBS, Hyclone) and 1%

penicillin/streptomycin (100 unit/ml, invitrogen, UK) and plated in flask.

Cultures were maintained at 37℃ in a humidified atmosphere containing

5% CO2. And we confirmed the identity of AT-MSC by FACS scan

flow cytometer using a FITC conjugated CD90 and CD105 antibody.

For hypoxia preconditioning, When the AT-MSC grew to 80%

confluence, we changed the fresh media containing 10% FBS and then

transfer to 1% O2 hypoxic incubator and maintained for 24 hrs.

2. Transfection and neural stem cell culture

We established the stable cell lines which express the DsRed protein.

mNSC (2x105) was suspended in DMEM/F12 supplement with 10%

fetal bovine serum (Hyclone), 1 % penicillin and streptomycin

(Invitrogene) and plated in cell culture dish. The culture was maintained

at 37℃ in a humidified atmosphere containing 5% CO2.
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pBudCE4.1-DsRed vector (Clontech) was transfected into normal

mouse neural stem cells using lipofectamine (Gibco-BRL). 24 hours

after transfection, 100mg/ml Geneticin (Zeocin, invitrogene) was added

to the culture medium. Single Zeocin-resistant cells were isolated by

cloning rings and expanded. Cell populations with intense DsRed

expression were used for experiment. We performed a process like this.

Step 1: plasmid DNA pBudCE4.1-DsRed(1ug/ul) were mixed with 100ul

opti-MEM (GIPCO). Step 2: 2.5ul Lipofectamine 2000 (Invitrogene)

mixed with 100ul opti-MEM and were maintained for 5 mins on room

temperature. Step 3: solution of step 1 and step 2 were mixed for 20

mins on room temperature. Step 4: mNSC was washed with PBS and

were detached with 0.25% trypsine/EDTA (Invitrogene). mNSC was

suspended in MEM (GIPCO) supplement with 10% fetal bovine serum

and 1% P/S and step 3 solution. After plate in dish, culture was

maintained at 37℃ in a humidified atmosphere containing 5% CO2 for

24 hrs.). 24 hours after transfection, Zeocin, (100mg/ml, invitrogene)

was added to the culture medium. We changed media supplemented

with Zeocin (100ug/ml) every 2 days until form the colony. Single

Zeocin-resistant cells were isolated by cloning rings and expanded. Cell

populations with intense DsRed expression were used for experiment.
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3. Establishment of in vitro injury model

In the present study, we investigated whether co-culture system with

hypoxia preconditioning MSC can improve the survival of mNSC-DsRed

in serum deprivation and H2O2 injury which two components of

ischemia. Group 1: mNSC(3x105) co-culture with hypoxia preconditioned

MSC(3x105), Group2: mNSC(3x105) co-culture with normoxia

preconditioned MSC(3x105), Group3: mNSC alone(3x105). The hypoxia

preconditioned and normoxic MSC, mNSC-DsRed seeded in 6 MTP

respectively, then maintained in 37℃ 5% CO2 incubator for 24 hrs. And

then cells were washed with PBS and changed the fresh media

containing with hydrogen peroxide (500uM) or serum free media and

maintained 37℃, 5% CO2 for 24 hrs. Each plate was taken photographs

of random five areas under 556nm fluorescence microscope, and then

examined the optical density of mNSC-DsRed uing software in each of

samples. The scheme of present study display in table-1.

4. FACS analysis

We confirmed whether MSC co-culture system can protect the early

apoptosis of mNSC under three different injury models. We performed

FACS analysis using ApoScan TM Annexin V FITC apoptosis detection

Kit (BioBud; Aposcan). In brief, cells were harvested using

trypsin/EDTA after injury. Cell pellets washed with ice cold PBS and

then added 500ul 1X binding buffer. Annexin-V solution (1.25ul) added
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to the 1X binding buffer and then incubated for 15 min at room

temperature in dark. Because the mNSC-DsRed cells express the red

color, we not performed the propidine iodide (PI) staining. After finish

the incubation of Annexin-V, we analyzed using FACS( )and Cell

Quest software. Number of analyzed cells was 1x104cells in each of the

samples.

5. Immunocytochemistry

For immunofluorescence staining, cells on plate were fixed 4%

formaldehyde in PBS for 10 min at room temperature. After wash with

ice cold PBS, incubated with 0.5% triton X-100 in PBS for 15 min at

room temperature. Samples were blocked with 3% BSA in PBS for 1

hour at room temperature. Plates were incubated with Rabbit anti-Bax

antibody (Chemicon; 1:2000) for 1 hour, then washed with PBS, and

incubated with FITC-conjugated donkey anti-rabbit immunoglobulin G

(Jackson ImmunoResearch; 1:250 ) for 1 hour at room temperature.

Cells were washed with ice cold PBS three times and then covered the

cover slide after dropping with Vectashield mounting medium with

DAPI (Vector; H-1200). We analyzed the samples under a fluorescence

microscope.
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6. Statistics analysis

The t-test was performed for comparison of two experimental groups.

Data are expressed as the mean ± standard error of mean.
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III. Results

Figure. 1 scheme of present study

Diagram indicates in vitro experimental procudure.
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2. Characterization of adipose tissue derived

mesenchymal stem cell

To confirm whether primary cultured cells are AT-MSC, we

performed FACS scan using CD 90 and CD 105 antibody before use the

AT-MSC in this experiment. Both hypoxia preconditioning MSC and

normoxia MSC have similar morphology and characterization (Figure 2).

FACS analysis of normoxia and hypoxia AT-MSC showed the high

positive of CD 90 and CD 105 surface marker, we couldn’t found any

difference features between hypoxia MSC and normoxia MSC. This

suggests that nature characterization of AT-MSC is not change by

hypoxia preconditioning (1% O2).
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Hypoxia preconditioned MSC

Normoxia MSC 98.26%

97.90%

97.82%

98.36%

A                                    C                          E

B                                    D                          F

Hypoxia preconditioned MSC

Normoxia MSC 98.26%

97.90%

97.82%

98.36%

A                                    C                          E

B                                    D                          F

Figure 2. Characterization of adipose tissue derived mesenchymal stem

cell. Phase contrast micrograph displayed a typical fibroblast

morphology of plated MSC. Both hypoxia(A) and normoxia(B) MSC

have similar morphology. The cells were photographed by phase

microscopy at x100 magnification. (C-F) Immuno phenotype analysis of

hypoxia preconditioning MSC(C) and (E) and normoxia MSC(D) and

(F). Cells were trypsinized, labeled with CD90, CD105 and then

analyzed by flow cytometry. Flow cytometric characterization of MSC

revealed that cells expressed positively for MSC markers CD105 and

CD90. It suggest that characterization of AT-MSC not change by

hypoxia preconditioning.
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3. Characterization of DsRed expressing

mouse neural stem cell

To check whether mNSC-DsRed still has similar features like normal

neural stem cells, we confirmed the growth speed and morphology of

both mNSC-DsRed and normal NSC. A growth speed of DsRed

expressing neural stem cell was slowed little compare to normal NSC

(Figure 3). However, this difference was not significant, and then

mNSC-DsRed also had doubling time at 12hrs similar to normal NSC.

And our neural stem cells could express their reporter gene

continuously, and then was difficult to distinguish the morphology of

both cells (Figure 3-D).
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Figure 3. mNSC-DsRed still has the similar growth speed and

morphology like normal mouse neural stem cell

Phase contrast micrograph displayed a similar morphology between

mNSC-DsRed (A) and normal mouse neural stem cell (B).

mNSC-DsRed express the red color at 556nm under flurosecence

microscope (C). mNSC-DsRed has similar growth speed compare to

normal NSC (D). Doubling time of mNSC-DsRed and normal NSC is

around twelve hours. Scale bar, 500um (A-C)
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4. The viability of mNSC-DsRed in serum

deprivation or oxidative suppress

We confirmed that the hypoxia preconditioning MSC can protect the

mNSC death by serum deprivation or hydrogen peroxide injury. At 24

hrs after injury, number of mNSC in control group was decreased

compare to co-culture with AT-MSC. In contrast to, co-culture with

AT-MSC could protect the mNSC death under serum deprivation or

oxidative suppress injury. In addition to, the viability of mNSC-DsRed

co-culture with hypoxia preconditioning MSC was increased

significantly compare to normoxia MSC co-culture group. Also the

co-culture with hypoxia preconditioning MSC could protect significantly

the death of mNSC-DsRed under oxidative suppress injury (Figure 4).
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Figure 4. Viability of mNSC-DsRed in serum deprivation (SD) and

oxidative stress (H2O2)

mNSC-DsRed of each group incubated for 24 hrs in SD and H2O2

injury. The data suggests that MSC co-culture system can improve the

viability of mNSC-DsRed in SD and H2O2 injury. Especially co-culture

with hypoxia preconditioning MSC (HP-MSC) can improve significantly

the viability of mNSC-DsRed compare to co-culture with normoxia

MSC (NP-MSC).

* p<0.05 compare to Normoxia MSC (NP-MSC); # p<0.05 compare to

control group
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5. Apoptosis of mNSC-DsRed in serum

deprivation and oxidative stress

We confirmed whether MSC coculture system can inhibit the early

apoptosis of mNSC-DsRed in vitro injury models. The number of

Annexin-V positive cells showed decrease tendency in coculture with

hypoxia preconditioning MSC group. But hypoxia MSC coculture system

couldn’t decrease significantly the early apoptosis of mNSC compare to

normoxia MSC (Figure 5-A). However, MSC coculture system could

decrease around 50% the early apoptosis of mNSC by serum

deprivation and oxidative suppress in each of injury model (Figure

5-B).
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Figure 5. Quantification for Apoptic mNSC in serum deprivation (SD)

and oxidative stress (H2O2)

mNSC-DsRed of each group incubated for 24 hrs in SD and H2O2

injury. The data indicate the early apoptosis of mNSC-DsRed by FACS

analysis after staining with Annexin-V FITC only. Co-culture with

hypoxia preconditiong MSC show the decrease tendency of Annexin-V

positive compare to co-culture with normoxia MSC and mNSC alone

(A). The number of DsRed+/Annexin-V+ was decrease about 50% after

serum deprivation and oxidative injury in MSC co-culture system (B).

* p<0.05 compare to control group
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6. Immunocytochemistry

To confirm the expression of Bax, pro apoptosis factor, we performed

the immunoflurosecence staining using primary antibody rabbit anti-Bax

(Chemicon; 1:2000) and secondary antibody FITC-conjugated donkey

anti-rabbit immunoglobulin G (Jackson ImmunoResearch; 1:250 ) after

serum deprivation and oxidative stress injury for 24 hrs. The

expression of Bax showed increase pattern in mNSC alone and reduced

in hypoxia and normoxia MSC co-culture group after serum deprivation

(Figure 6-A) and oxidative stress (Figure 6-B) injury .
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Figure 6. Expression of Bax, pro apoptosis factor, in injured

mNSC-DsRed

Immunocytochemistry showed the expression of pro apoptosis marker

Bax in mNSC-DsRed after injury. Images indicate that AT-MSC

co-culture system can inhibit the early apoptosis of mNSC-DsRed after

serum deprivation and oxidative stress injury for 24 hrs. The cells were

stained with rabbit anti-Bax antibody and FITC-conjugated secondary

antibody. Images were obtained by fluorescence microscopy at x400

magnification. control; mNSC-DsRed alone, NP-MSC; non-preconditioning

MSC, HP-MSC; hypoxia preconditioning MSC
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IV. Discussion

In present study, first objective is to establish the gene delivery

platform using neural stem cells transfected by non-viral vector.

Survival improving of transplanted cells is critical factor in stem cell

therapy. Before induction the therapeutic gene such as Bcl-2 or other

useful growth factors, we needed to confirm whether reporter gene

expressing mNSC still has similar ability like normal neural stem cells

or not. The method to check characterization of cells is to confirm their

morphology and growth speed and differentiation capability. In our

results, DsRed expressing neural stem cells had similar features like

normal neural stem cells. Therefore it suggests that our gene delivery

platform using neural stem cells may be able to use for stem cell

therapy with gene therapy.

Our second objective is to improve the survival of mNSC-DsRed after

transplantation into the injured spinal cord. Before start in vivo

experiment, we need to confirm whether MSC co-culture system can

protect the mNSC death by in vitro serum deprivation or oxidative

stress injury which two components of ischemic condition. Also

co-culture with hypoxia MSC could promote the proliferation and

adhesion of mNSC compare to control group. Before use the SD and

oxidative injury model, we performed that mNSC-DsRed incubated

under hypoxia and normoxia conditions time dependently. mNSC could

proliferate quickly under hypoxia and looks like resist to hypoxia

condition.

the co-culture with hypoxia preconditioning MSC could improve the
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viability of mNSC-DsRed in serum deprivation and oxidative stress

injury models (Figure 3). But we couldn’t found significant positive

effects of co-culture with the hypoxia MSC that inhibits the early

apoptosis of mNSC-DsRed compare to Normoxia MSC co-culture group.

V. Conclusion

These study demonstrated that co-culture with hypoxia preconditioning

AT-MSC can promote significantly the viability of mNSC-DsRed in

vitro injury models. The characterization of AT-MSC didn't changed

nature features by hypoxia preconditioning. DsRed expressing mNSC

has similar features like normal neural stem cells. MSC co-culture

system can inhibit the early apoptosis of mNSC in serum deprivation

and oxidative stress injury. In further study, we need to examine the

mixed transplantation of HP-MSC and mNSC-DsRed into the injured

spinal cord.



- 25 -

References

1. Chen C, Ou Y, Liao S, Chen W, Chen S, Wu C, Wang C, Wang

W, Huang Y, Hsu S. Transplantation of bone marrow stromal

cells for peripheral nerve repair. Experimental Neurology.

2007;204:443-453

2. Sanchez-Ramos J. Neural cells derived from adult bone marrow

and umbilical cord blood. Journal of neuroscience research.2002;69

3. Song H, Stevens C, Gage F. Neural stem cells from adult

hippocampus develop essential properties of functional cns

neurons. nature neuroscience. 2002;5:438-445

4. Banas A, Teratani T, Yamamoto Y, Tokuhara M, Takeshita F,

Osaki M, Kawamata M, Kato T, Okochi H, Ochiya T. Ifats

series: In vivo therapeutic potential of human adipose tissue

mesenchymal stem cells (at-mscs) after transplantation into mice

with liver injury. Stem Cells.2008

5. Gimble J, Guilak F. Adipose-derived adult stem cells: Isolation,

characterization, and differentiation potential. Cytotherapy.

2003;5:362-369

6. Strem B, Hicok K, Zhu M, Wulur I, Alfonso Z, Schreiber R,

Fraser J, Hedrick M. Multipotential differentiation of adipose

tissue-derived stem cells. The Keio journal of medicine.

2005;54:132-141

7. De Ugarte D, Morizono K, Elbarbary A, Alfonso Z, Zuk P, Zhu

M, Dragoo J, Ashjian P, Thomas B, Benhaim P. Comparison of

multi-lineage cells from human adipose tissue and bone marrow.

Cells Tissues Organs. 2003;174:101-109

8. Kingham P, Kalbermatten D, Mahay D, Armstrong S, Wiberg M,

Terenghi G. Adipose-derived stem cells differentiate into a

schwann cell phenotype and promote neurite outgrowth in vitro.



- 26 -

Experimental Neurology. 2007;207:267-274

9. Cummings B, Uchida N, Tamaki S, Salazar D, Hooshmand M,

Summers R, Gage F, Anderson A. Human neural stem cells

differentiate and promote locomotor recovery in spinal

cord-injured mice. Proceedings of the National Academy of

Sciences. 2005;102:14069-14074

10. Pfeifer K, Vroemen M, Blesch A, Weidner N. Adult neural

progenitor cells provide a permissive guiding substrate for

corticospinal axon growth following spinal cord injury. European

Journal of Neuroscience. 2004;20:1695-1704

11. Sortwell C, Pitzer M, Collier T. Time course of apoptotic cell

death within mesencephalic cell suspension grafts: Implications

for improving grafted dopamine neuron survival. Experimental

Neurology. 2000;165:268-277

12. Wei L, Cui L, Snider B, Rivkin M, Yu S, Lee C, Adams L,

Gottlieb D, Johnson E, Yu S. Transplantation of embryonic stem

cells overexpressing bcl-2 promotes functional recovery after

transient cerebral ischemia. Neurobiology of disease.

2005;19:183-193

13. Zawada W, Zastrow D, Clarkson E, Adams F, Bell K, Freed C.

Growth factors improve immediate survival of embryonic

dopamine neurons after transplantation into rats. Brain Research.

1998;786:96-103

14. Guo J, Zeng Y, Li H, Huang W, Liu R, Li X, Ding Y, Wu L,

Cai D. Cotransplant of neural stem cells and nt-3 gene modified

schwann cells promote the recovery of transected spinal cord

injury. Spinal Cord. 2006;45:15-24

15. Kang S, Jun E, Bae Y, Jung J. Interactions between human

adipose stromal cells and mouse neural stem cells in vitro.

Developmental Brain Research.2003;145:141-149

16. Lou S, Gu P, Chen F, He C, Wang M, Lu C. The effect of bone



- 27 -

marrow stromal cells on neuronal differentiation of mesencephalic

neural stem cells in sprague Dawley rats. Brain Research.

2003;968:114-121

17. Crigler L, Robey R, Asawachaicharn A, Gaupp D, Phinney D.

Human mesenchymal stem cell subpopulations express a variety

of neuro-regulatory molecules and promote neuronal cell survival

and neuritogenesis. Experimental Neurology. 2006;198:54-64

18. Wu S, Suzuki Y, Ejiri Y, Noda T, Bai H, Kitada M, Kataoka K,

Ohta M, Chou H, Ide C. Bone marrow stromal cells enhance

differentiation of cocultured neurosphere cells and promote

regeneration of injured spinal cord. Journal of neuroscience

research. 2003;72

19. Sharp F, Ran R, Lu A, Tang Y, Strauss K, Glass T, Ardizzone

T, Bernaudin M. Hypoxic preconditioning protects against

ischemic brain injury. NeuroRx. 2004;1:26-35

20. Theus M, Wei L, Cui L, Francis K, Hu X, Keogh C, Yu S. In

vitro hypoxic preconditioning of embryonic stem cells as a

strategy of promoting cell survival and functional benefits after

transplantation into the ischemic rat brain. Experimental

Neurology. 2008;210:656-670

21. Wick A, Wick W, Waltenberger J, Weller M, Dichgans J, Schulz

J. Neuroprotection by hypoxic preconditioning requires sequential

activation of vascular endothelial growth factor receptor and akt.

Journal of Neuroscience. 2002;22:6401

22. Hu X, Yu S, Fraser J, Lu Z, Ogle M, Wang J, Wei L.

Transplantation of hypoxia-preconditioned mesenchymal stem

cells improves infarcted heart function via enhanced survival of

implanted cells and angiogenesis. The Journal of thoracic and

cardiovascular surgery. 2008;135:799

23. Rosova I, Dao M, Capoccia B, Link D, Nolta J. Hypoxic

preconditioning results in increased motility and improved



- 28 -

therapeutic potential of human mesenchymal stem cells. Stem

Cells. 2008;26



- 29 -

ABSTRACT (IN KOREAN)

저산소 상태를 적응시킨 지방유래

간엽줄기세포와의 합동배양 시스템은 마우스유래

신경줄기세포의 생존을 향상시킨다.

<지도교수 윤 도 흠>

연세대학교 대학원 의과학과

오 진 수

저산소 상태의 적응훈련을 받은 줄기세포의 이식은 허혈을 동반하는 손상

받은 조직으로 이식 한 후에 저산소증에 대한 저항력을 더욱 상승 시킬 수

있다. DsRed라는 유전자의 운반체 역할을 하는 줄기세포를 손상 받은 척

수에 이식 후 신경줄기세포의 생존을 향상시키기 위한 실험에 앞서, 본 실

험에서는 저산소 상태에서 한번 적응과정을 거친 지방유래 간엽줄기세포와

DsRed를 발현하는 마우스 유래 신경줄기세포와의 합동배양이라는 새로운

전략의 효과를 평가하였다. 저산소 상태에서 하루 동안 배양된 간엽줄기세

포는 정상상태에서 배양된 간엽줄기세포와 동일하게 표면항원 마커인
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CD90 과 CD105에 양성을 나타내었다. 이것은 저산소 상태가 간엽줄기세

포의 본질적인 특징을 변화시키지 않는다는 것을 나타낸다. 산화적 억제와

영양분의 차단으로 인한 시험관 손상모델에서, 간엽줄기세포와의 합동배

양을 한 그룹에서의 신경줄기세포의 생존력은 실험군과 비교 하였을 때

확연히 증가 하였다. 특히 저산소 상태의 적응훈련을 마친 간엽줄기세포는

정상상태에서 배양되어 왔던 간엽줄기세포보다 신경줄기세포의 생존에 더

욱 뛰어난 효과를 보였다. 간엽줄기세포와의 합동배양은 실험군과 비교하

였을 때 신경줄기세포의 세포사멸을 억제했다. 이러한 결과는 줄기세포를

이용한 유전자 전달 시스템과 저산소 상태의 적응훈련을 마친 줄기세포의

복합 전략이 더욱더 효과적인 줄기세포치료를 선사할 수 있다는 것을 나타

낸다.

핵심이 되는 말: 저산소에 적응된 지방유래 간엽줄기세포, 마우스유래 신경

줄기세포, 합동배양, 영양분 공급 차단, 산화적 억제


