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Abstract

The Role of AKAP6

in mouse ESCs

- Knock-down of AKAP6 promotes

mESCs apoptosis, not differentiation -

SuYeon Kim

Molecular Medicine and Biopharmaceutical Sciences

WCU Graduate School of Convergence Science and Technology

The Graduate School Seoul National University

Background

Researches focusing on Embryonic stem cells have the infinite

possibility of cell based therapy for cure disease. Thus, it is

important to know the regulating mechanism of cell signaling

molecules in stem cells. Herein, we report the novel aspects of

apoptosis in mouse embryonic stem cells, which was regulated

by AKAP protein expression.
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Methods and results

mouse Embryonic Stem Cells (mESCs) were differentiated into

Embryoid bodies by hanging drop method and their RNA

harvested at 1, 4, 7 day. EB represented more higher AKAP6

expression than undifferentiated ESCs. Using shAKAP6 plasmids,

transient transfection experiments and making of stable

knock-down cell lines were performed. To elucidate AKAP6

effect on mESC differentiation, stable AKAP6 knock-down cell

lines were formed and then, knock-down cells were differentiated

into EBs. Expression level of three germ lineage markers was

checked by real-time PCR. However, stemness markers and three

germ layer markers didn't show any reasonable changes,

although AKAP6 expression was resonably decreased in

shAKAP6 cells. Form these results, we concluded that AKAP6

didn't affect mESC differentiation. But, When culturing of stable

knock-down cell lines, we observed morphological differences

between control and shAKAP6 cells. Staining actin filaments for

clarifying cell structural differences showed disrupted actin

arrangement in AKAP6 knock-down cells. After, we performed

transient knock-down of AKAP6 and observed that frequent

membrane ruffling occurred in AKAP6 knock-down mESCs.

Membrane ruffling is widely known as migration indicator and/or

apoptosis indicator. Migration signaling molecules were detected.

When AKAP6 was suppressed, migratory proteins were
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decreased. Specially, FAK, which is generally known as

anti-apoptotic factor, was decreased in AKAP6 knock-down

mESCs. With these reasons, we assumed that AKAP6

knock-down induces apoptosis in mESCs. To confirm apoptotic

characters, we performed Annexin V/PI FACS analysis and we

detected cleaved caspase 3 expression. In AKAP6 knock-down

mESCs, Annexin V/PI double positive populations were higher

than control cells and also, increased cleaved caspase 3

expression was shown by immunofluorescence and westernblot

analysis.

Conclusion

We demonstrated the effect of AKAP6 in mouse Embryonic

Stem Cells. Particularly, we explained that knock-down of

AKAP6 was not a differentiation factor. Our findings proposed

that knock-down of AKAP6 was close to a potential apoptotic

factor. These results suggest a novel therapeutic effects of stem

cells in apoptosis related disease.

Keywords: mouse Embryonic Stem Cells, A-kinase Anchoring

Protein 6, Apoptosis.

Student Number: 2012-22839
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Introduction

Embryonic stem cells (ESCs), derived from the inner cell mass

of the blastocyst, are pluripotent and capable of self-renewal.

They can be expanded indefinitely and have the ability to

differentiate into all adult cell lineages [1]. Mouse embryonic

stem cells (mESCs) have been used to study the complexities of

stem cell biology at the molecular level. Because of their unique

properties, ESCs are considered a potential cell-based treatment

for disease. There are several methods to induce mESC

differentiation. Two common methods are 1) to plate mESCs as a

monolayer onto specific matrix components, (called attached

ESCs), or 2) to aggregated mESCs into Embryoid bodies (EBs).

EBs have the capacity to spontaneously differentiate into all three

germ layers [2]. Moreover, mESCs can be further differentiated

by generating attached EBs, where aggregated EBs were attache

to extra cellular matrix components. Although stem cell research

has advanced in recent years, many questions about the

molecular mechanisms driving stem cell differentiation and/or

death remain. Recent studies suggested that subcellular signal

transduction is mediated through scaffolding proteins such as

A-kinase anchoring proteins (AKAPs) [3]. AKAPs are signaling

modulators that are distributed in multiple cellular compartments.
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They function to spatially and temporally organize the localization

of signaling molecules [4]. Most AKAPs were named according

to their molecular weight. However, an exception to this rule is

AKAP6, widely known as muscle-AKAP (mAKAP). AKAP6 is a

~250kDa scaffolding protein that is localized to the nuclear

envelope and the sarcoplasmic reticulum [5]. In a previous report,

AKAP6 showed tissue-specific expression in differentiated

cardiomyocytes and the skeletal muscles [6-7]. In this study, we

report that AKAP6 is also expressed in differentiated mouse

ESCs. We found that depletion of AKAP6 does not affect mESCs

differentiation, however, our results suggest that it is involved in

ESC apoptosis.
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Materials and methods

Maintaining Mouse Embryonic Stem Cells

The cells were cultured as previously described [2].

C57BL/6-background mouse ESCs (accession no. SCRC-1002;

ATCC) and E14 mouse ESCs were maintained on MEFs (Mouse

Embryonic Fibroblasts, CEFOBIO #CB-CF1-002) feeder layer.

MEFs were cultured in DMEM (Dulbecco’s modified Eagle’s

medium; GIBCO) high glucose supplemented with 10% FBS

(Fetal Bovine Serum; GIBCO), 1% antibiotic antimycotic (GIBCO).

One day before subculturing mESCs, MEFs were treated with

Mitomycin C (10ug/ml medium, Sigma-Aldrich). mESCs were

cultured in DMEM with 10% FBS (Hyclone), 1%

penicillin/streptomycin (GIBCO), 0.1mM β-mercaptoethanol

(Sigma), 1% non-essential amino acids (GIBCO), 2mM

L-glutamine (GIBCO) (ES media). In ES media, 1000 U/ml of

ESGROⓇ LIF (leukemia inhibitory factor, Millipore) was added

to maintain mESCs pluripotency. mESCs were dissociated with

0.05% trypsin (GIBCO) and subcultured on MEFs every 2-3

days.

In vitro Differentiation of mESCs
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To induce differentiation, feeder elimination was needed. Feeder

depletion was achieved by plating trypsinized mESCs on 100mm

culture dish (Nunc) with DMEM / 10% FBS media in the

absence of LIF for 30-60min at humidified 37℃, 5% CO₂

incubator. After 30min, mESCs without feeder (isolated mESCs)

could be gotten by collecting only suspended cell. Embryoid body

(EB) formation step was performed by hanging drop method

[2-4]. The rounded droplet (350 cells per 20ul) on petri dish was

maintained in humidified 37℃, 5% CO₂incubator for 1 to 7days.

On the specific day, EBs collected for total RNA, Protein

isolation. Another step for differentiation was performed by

attaching EBs onto 1.5% gelatin-coated 6well plate in DMEM /

10% FBS.

Transient Transfection of shRNA in mESCs

shRNA (MISSIONⓇ shRNA, SIGMA-Aldrich) was incubated

with MetafecteneⓇ pro. (Biontex, Planegg, Germany) reagent in

PBS for 20min at room temperature. After incubation time,

complexes were dropwised to the cells. For knock-down of

AKAP6, cells were prepared one day before transfection as

monolayer mESCs without feeder cells. Non-targeting shRNA

(pLKO) was used as control. The knock-down effect of

shAKAP6 maintained approximately for 4days.
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Formation of Stable Knock-down Cell Lines

For formation of stable AKAP6 knock-down cell lines, mESCs

maintained on puromycin-resistant feeders (puro-MEFs, StemCell

technologies) were transfected with AKAP6 shRNA or

Non-targeting shRNA control (MISSIONⓇ shRNA) using

Metafectene pro. The following day, cell medium was changed

with 10ug/ml puromycin containing ES media, and daily replaced.

Transfected mESCs were grown for 5-7days to stably generate

AKAP6 shRNA or control shRNA. Multiple clones were selected

and picked into newly prepared puro-MEF feeders. Clones were

maintained with ES medium containing 1ug/ml puromycin and

identified by Quantitative RT-PCR (qRT-PCR) and western

Blotting. Puromycin was purchased from SIGMA-Aldrich.

Antibodies and Reagent

polyclonal muscle-AKAP (Covance); mouse monoclonal Anti-α

-tubulin, Phalloidin-TRITC, 4',6'-Diamidino-2-phenylindole

dihydrochloride (DAPI) (SIGMA-Aldrich); Mouse polyclonal

anti-FAK (BD); Rabbit polyclonal anti-phospho-FAK(Y397)

antibody, Antibody diluent solution, Alexa Fluor 488 donkey

anti-mouse, Alexa Fluor 488 donkey anti-rabbit (Invitrogen);

Rabbit polyclonal anti-Arp3, Rabbit polyclonal anti-cleaved

caspase3, Rabbit monoclonal anti-ROCK1, Rabbit polyclonal
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anti-Rac1/Cdc42, Rabbit polyclonal anti-Phospho-Rac1/cdc42

(Ser71), Rabbit monoclonal anti-WAVE-2 (Cell Signaling); Mouse

monoclonal anti-RhoA (Santacruz); HRP-conjugated donkey

anti-mouse and anti-rabbit immunoglobulins (Jackson Labs);

HRP-conjugated goat anti-rabbit immunoglobulins (Santacruz).

RNA Preparation, Quantitative RT-PCR and Real-Time PCR

Analysis

Total RNA was purified using RNeasy mini kit and QIAshredder

(Qiagen, Inc.). 1ug of RNA was converted into cDNA by using

High capacity RNA to cDNA kit (Applied Biosystems).

Quantitative RT-PCR (qRT-PCR) was performed using TaKaRa

Ex Taq (TaKaRa) with specific primers (Table. 1) and conducted

in a Gene pro Thermal cycler, BIOER. Quantitative real-time

RT-PCR run with FS Universal SYBR Green Master (Roche)

and conducted in 7500 Fast Real-Time PCR system (ABI).

Western Blot Analysis

Cells were washed with cold PBS. After, cells were harvested

and lysed with RIPA buffer (50mM Trish (pH8.0), 150mM NaCl,

1mM orthovanadate, 1% Triton X-100, 0.1% SDS, 0.1M NaF,

0.5% deoxycholic acid and protease inhibitor cocktail

(GenDEPOT). Total proteins (20ug) were seperated by 6-15%
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SDS-PAGE, transferred PVDF membranes, and immunoblotted

with primary antibodies at 4℃. Blots were washed twice with 1x

TBS/ 0.01% Tween20 (TBS-T) for 5min and incubated with

HRP-conjugated secondary antibodies for 1hr. After, blots were

washed for more than 1hr at room temperature.

Chemiluminescence detection was performed using Novex® ECL

Chemiluminescent Substrate Reagent Kit (Invitrogen) or

Amersham ECL Prime Western Blotting Detection Reagent (GE

Healthcare Life Science).

Immunofluorescence Staining

mESCs transfected with shAKAP6 were differentiated into EBs.

After 1day, EBs were attached on 1.5% gelatin coated 35mm

µ-Dish (ibidi, Germany). On the 3rd days, cells were fixed with

4% paraformaldehyde for 10 minutes at room temperature. After

washing with 1x Tris-buffered saline and permeabilizing with

0.05% Triton X-100 /PBS, blocking step was preceded with PBS

containing 1% BSA. Cells were incubated with primary antibodies

at 4℃ for overnight and then, cells were followed by fluorescent

dye conjugated secondary antibodies or Phalloidin-TRITC. Nuclei

was counterstained with DAPI. To obtain fluorescent confocal

images, Dishes were placed on LSM 710 fluorescence microscope

(Zeiss).
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Annexin V/PI FACS Analysis for Apoptosis Detection

Attached EBs were trypsinized and washed with DPBS. Cells

were stained with Annexin V FITC and Propidium Iodide

according to the instructions. The fluorescence was detected by

Flow cytometry using BD FACSCalibur. Annexin V FITC

Apoptosis detection kit was purchased from BD.
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Results

AKAP6 is expressed in differentiated mosue ESCs.

AKAP6 is known to be expressed in brain, cardiomyocytes and

skeletal muscles [5]. Therefore, we first checked whether AKAP6

is also expressed in mouse ESCs. Two types of ESCs,

C57/BL6-background mESCs (abbreviation C57) and E14, were

used to test expression levels (Figure 1A). Undifferentiated

mESCs were aggregated into EBs, a well-known method for

inducing spontaneous differentiation in ESCs [2,11]. C57 and E14

EBs were harvested at day 1, 4 and 7 (Figure 1B). We found

that AKAP6 mRNA was more abundant in day 4 and 7 EBs

than in undifferentiated mESCs. This indicated that AKAP6 is

expressed in differentiated mESCs (Figure 1C). We also

confirmed AKAP6 protein expression by western blotting (Figure

1D), and we found that this signal anchoring molecule is indeed

expressed in differentiated mESCs.

Depletion of AKAP6 by shRNA does not affect mouse ESCs

differentiation.

AKAP6 was expressed in differentiated mouse ESCs. Therefore,

we hypothesized that AKAP6 expression may affect mESC

differentiation. To explore this possibility, we induced AKAP6
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loss-of-function using shRNA. Two kinds of shAKAP6 plasmids

were chosen by binding sites of AKAP6 DNA coding sequences

(Figure 2A). To determine knock-down efficiency of AKAP6

mRNA by the two shRNA plasmids, mESCs were transfected

with shAKAP6 plasmid candidates and then differentiated into

EBs. EBs transfected with shAKAP6 plasmid (#1) showed

reduced AKAP6 mRNA levels. (Figure 2B). shAKAP6 plasmid

(#1) was also able to decrease AKAP6 protein expression (Figure

2B). Using shAKAP6 plasmid (#1), we established stable AKAP6

knock-down cell lines as described in the materials and methods.

To briefly explain this method, mouse ESCs cultured on

puromycin-resistant MEFs were transfected with shAKAP6.

Next, the cells were treated with puromycin for colony selection.

As AKAP6 was expressed in differentiated mESCs, examination

of AKAP6 knock-down involved assessing the extent of EB

formation (Figure 2C-E). Numerous cell colonies were

differentiated into EBs. Through analysis of AKAP6 mRNA and

protein expression levels, we selected stable AKAP6 knock-down

cell lines (Figure 2F). We hypothesized that depletion of AKAP6

affected differentiation of mESCs. Therefore we generated EBs

using the stable shAKAP6 cell line (Figure 2G). We assessed

their level of “stemness” by checking expression levels of

germ-layer lineage markers by real-time PCR (Figure 2H).

Stemness was determined by oct4 and nanog expression, the

Endodermal markers Troma-1 and Sox17 [13-20], the Ectodermal
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markers Nestin and NCAM [21-29], and the Mesodermal markers

Desmin, SMA, and VE-cadherin [30-42]. However, although

AKAP6 was significantly decreased in shAKAP6 EBs, their

stemness and germ layer lineage markers did not significantly

change. Based on this data, we concluded that knock-down of

AKAP6 does not affect mESCs differentiation or lineage

commitment.

Disrupted actin arrangement in AKAP6 knock-down cells.

Upon culturing stable AKAP6 knock-down cell lines, we

observed morphological differences between control and shAKAP6

cells. Unlike control mESCs, undifferentiated shAKAP6 cells could

not be maintained, and they eventually detached from feeder

layer. shAKAP6 EBs also formed broken aggregates (Figure 3A).

To clarify structural differences in shAKAP6 cells, we examined

F-actin organization by phalloidin staining. Control cells

maintained structural integrity and actin rigidity within plated

EBs (Figure 3B). However, actin distribution was disrupted and

actin rigidity was reduced in shAKAP6 cells (Figure 3C). AKAP6

knock-down cells could not be maintained indefinitely. Therefore,

we transiently knocked-down AKAP6 in mouse ESCs (Figure

3D). Because transient transfection is used to accomplish

short-term expression, we harvested transiently transfected

mESCs at an earlier time point than the stable knock-down cells.

We found that actin arrangement in transiently transfected cells
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was similar to that of the stable knock-down cells (Figure 3E).

Our results strongly suggest that AKAP6 knock-down in mESCs

results in defective actin organization.

Down regulation of actin-related proteins and apoptotic

induction in AKAP6 knock-down mouse ESCs.

Continuing experimental investigation of actin distribution, we

observed that membrane ruffling frequently occurred in AKAP6

knock-down mESCs (Figure 4A). Membrane ruffling is generally

considered an indicator of migration [43] or apoptosis [44,45].

Therefore, we wondered whether this ruffling event was a

migratory phenomenon or if it was related to apoptosis. In

control cells, migratory signaling molecules were detected at the

protein level. However, when AKAP6 was suppressed, the level

of actin organizing proteins such as FAK, Rac1/Cdc42, Arp3, and

WAVE2 [43,46,47] were decreased (Figure 4B). Of these

migration molecules, FAK is generally known as a cell survival

and anti-apoptotic factor [48]. Because the levels of FAK

decreased, we reasoned that AKAP6 knock-down may induce

apoptosis in mESCs. To confirm apoptotic characters, we first

performed an Annexin V/PI FACS analysis. AKAP6 knock-down

cells showed higher Annexin V/PI double positive populations

than control cells (Figure 4C). We also analyzed the expression

of cleaved caspase 3, a commonly used marker for apoptosis, at

the protein level (Figure 4D). In AKAP6 knock-down cells, we
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observed that cleaved caspase 3 expression was increased. To

ensure the evidence of apoptosis, we also performed

immunostaining. As shown in Figure 4D, in AKAP6 knock-down

cells, cleaved caspase 3 was stained increasingly, also Using a

DAPI counterstain, we found evidence of DNA fragmentation in

cleaved caspase 3 expressing cells (arrow head). Therefore, it is

likely that membrane ruffling events were not a migratory

phenomenon, but an apoptotic phenomenon caused by defective

AKAP6 in mouse ESCs.
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Conclusion

AKAP6 is a scaffolding protein, but its role in ESCs is still

unclear. In this report, we first assessed if AKAP6 was

expressed in mESCs, and we found that AKAP6 was expressed

in differentiated mESCs. To further explore the role of AKAP6

during ESC differentiation, we used shRNA to induce an AKAP6

loss-of-function phenotype. We expected that decreased

expression of AKAP6 would have an effect on mESC

differentiation. However, contrary to our expectations, AKAP6 did

not affect the differentiation of mESCs. We found that actin

arrangement was perturbed in AKAP6 knock-down mESCs when

compared to controls. We also observed frequent membrane

ruffling events in AKAP6 knock-down cells. Therefore, we

hypothesized that membrane ruffling was related to AKAP6

knock-down in mESCs. We found that the ruffling was a sign of

apoptosis and that defective AKAP6 expression induced apoptosis

in mESCs. Our novel results strongly suggest that AKAP6 is not

a differentiation factor, but rather it is likely to act as an

apoptotic factor in mESCs. This suggests that AKAP6 may be a

promising protein to research in ESCs.
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Discussion

Intracellular and intercellular communication are sophisticated

mechanisms regulated by many signaling process. During signal

transduction, various signaling proteins have major roles in

cellular differentiation, proliferation, and cell death. Anchoring

proteins are known to compartmentalize signaling molecules. The

typical anchoring proteins are known as A-kinase anchoring

proteins (AKAPs). AKAPs are scaffolding proteins, and they

spatially and temporally regulate multi-protein reaction platforms.

The most important feature of AKAPs is their binding with

PKA, a cAMP dependent-protein kinase A. PKA is a

heterotetramer holoenzyme, and it binds with four cAMP

molecules. Then the cAMP-PKA signaling pathway is anchored

through interactions with AKAPs. As spatial regulators, AKAPs

place their effectors close to substrates, and as temporal

regulators, AKAPs control signaling pathways by assembling

multi-protein complexes. In this report, we discussed AKAP6,

known as muscle-AKAP (mAKAP). According to previous

reports, AKAP6 is mainly expressed in cardiomyocytes and

skeletal muscles, and it is localized to the perinuclear membrane.

AKAP6 is a ~250kDa scaffolding protein and it organizes many

proteins, including PKA, calcineurin, protein phosphatase 2A,
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ERK5, PDE4D3, and others. AKAP6 directly binds to MEF2, a

myogenic transcription factor, and this directs myoblast

differentiation into myotubes [48]. According to our previous

study, myogenin, a muscle specific transcription factor, binds the

mAKAP promoter region thus promoting muscle differentiation

and regeneration. This is the first report showing that AKAP6

associates with Embryonic stem cells. Initially, we assumed

AKAP6 may have an effects on mESC differentiation. As we

previously reported, EBs comprised of mESCs display hierachical

differentiation. AKAP6 was expressed in differentiated mESCs

(Figure 1). Hence, we first assessed the effect of AKAP6 on

mESCs differentiation. We attempted to overexpress AKAP6, but

the transfection efficiency was low. Therefore, we knocked-down

AKAP6 using a shRNA system, and examined mESCs

differentiation. We examined several differentiation methods,

however, we concluded that AKAP6 did not function as a

differenation factor. Interestingly, we discovered that AKAP6

depletion is associated with increased apoptosis in mESCs. When

AKAP6 expression was supressed, depleted propagation and

differentiation capabilities were observed (Supplementary Figure

1B, C). Through a transient knock-down process, we observed

reduced actin distribution and increased membrane ruffling.

Notably, we observed a decrese in FAK expression. FAK is

commonly used as a marker for cell proliferation/migration or

apoptosis. A previous report suggested that FAK has
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anti-apoptotic effects [46], and it may determine cell survival or

death in response to TNFα [47]. Thus, we speculated that

AKAP6 knock-down in mESCs might affect apoptosis. We

clarified this supposition by means of an Annexin V/PI FACS

analysis and by detection of activated caspase 3. We also

performed a TUNEL assay to analyze cell death (data not

shown). Based on these data, we have concluded that AKAP6

does not affect mESC differentiation, however, knock-down of

AKAP6 does have an effect on mESCs apoptosis. Although

underlying mechanisms should be further explored, these novel

findings have provided new insight into stem cell applications to

cure disease.
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Figure 1. AKAP6 is expressed in differentiated mosue ESCs.

(A) Undifferentiated E14 and C57 mouse Embryonic Stem Cells

were observed by phase-contrast microscope. Scale bar: 200μm

(B) For differentiation of mESCs, Embryoid Bodies (EBs) were

formed by hanging drop method, and harvested at day 1, 4 and,

7. The morphology of EBs was observed by phase-contrast

microscope. Scale bar: 200μm

(C) We observed that AKAP6 was expressed in differentiated

mESCs by RT-PCR

(E) Day 1 and 7 EBs were collected and harvested for Western

blotting of AKAP6. 
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Figure 2. Depletion of AKAP6 by shRNA does not affect

mouse ESCs differentiation.

(A) Two kinds of shAKAP6 plasmids were chosen by AKAP6

CDS binding region.

(B) One shAKAP6 plasmid which binds AKAP6 CDS forward

region was selected by confirming successful working. (n=2)

(C)-(E) The procedure for stable knock-down colony selection.

(F) Stable AKAP6 knock-down cell lines. Control cells and

shAKAP6 cells were observed by phase-contrast microscope.

Scale bar: 200μm

(G) Schematic image for differentiation of stable knock-down

cells.

(H) Expression level of AKAP6, Stemness markers and embryo

three germ-layer markers was detected by real-time PCR

analysis. (n=3)
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Figure 3. Disrupted actin arrangement in AKAP6

knock-down cells.

(A) Morphological differences of control and shAKAP6 cells in

differentiated EBs. Scale bar: 200μm

(B) Schematic time table for actin staining of shAKAP6 cells.

(C) Immunofluorescence indicated that actin distribution differed

from control and shAKAP6 cells. Scale bars: 10μm.

(D) Schematic view for transient knock-down of AKAP6 and

actin staining.

(E) Actin immunostaining indicated that actin arrangement was

also disrupted in transient knock-down of AKAP6.
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Figure 4. Down regulation of actin-related proteins and

apoptotic induction in AKAP6 knock-down mouse ESCs.

(A) Immunofluorescence images for membrane ruffling events

that frequently occurred in AKAP6 knock-down mESCs. Scale

bars: 10μm.

(B) In AKAP6 knock-down mESCs, actin-related proteins were

detected by western blot analysis. (n=3)

(C) Annexin V/PI FACS analysis for confirmation of apoptotic

characters. (n=2)

(D) Detection of cleaved caspase 3 expression by Western blot

analysis. (n=2)

(E) Detection of cleaved caspase 3 expression by immunostaining.

Scale bars: 20μm.
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Table Ⅰ. Primer Sequence for Quantitative RT-PCR and

Quantitative Real-time PCR.
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B.

C.
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Supplement Figure 1. Stable AKAP6 knock-down cell lines.

(A) Experimental outlines for making stable knock-down cells.

(B) shAKAP6 cells were mostly broken when they were cultured.

Phase-contrast microscope. Scale bar: 200μm

(C) PI-FACS cell cycle analysis of shAKAP6 stable cell line.
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국문초록

배경 - 배아줄기세포를 이용한 연구는 세포 기반의 질병 치료에 많

은 가능성을 제시해 주고 있다. 따라서, 많은 연구자들이 배아줄기

세포의 세포 내 분자 조절 기전을 밝혀내는 연구들에 집중하고 있

다. 여기서 우리는 마우스 배아줄기세포의 apoptosis 유발이

AKAP6 scaffolding protein에 의해 조절되는 새로운 측면을 제시하

였다.

방법 및 결과 - 마우스 배아줄기세포를 hanging drop 기법으로 EB

분화를 유도하였다. EB 분화 1, 4, 7일 RNA와 Protein에서 AKAP6

발현을 확인해본 결과, 마우스 배아줄기세포가 미분화일 때 보다 분

화된 상태일 때 발현됨을 관찰하였다. AKAP6가 마우스배아줄기세

포에 어떤 영향을 미치는지 알아보고자 AKAP6 knock-down stable

cell line을 만들었다. 먼저, 분화에 대한 영향을 알아보고자 AKAP6

knock-down stable cell line으로 분화 유도 후 분화 마커들의 발현

을 RNA 수준에서 확인해 보았다. 하지만, AKAP6의 발현이 유의하

게 감소하였음에도 불구하고 분화 마커에는 유의한 변화가 없었다.

그러나, AKAP6 knock-down stable cell line의 분화 배양 중에

knock-down 세포의 특이적인 세포구조 차이를 발견하였다. 특히 세

포막 ruffling 현상이 knock-down 세포에서 빈번하게 발생함을 관

찰하였다. Ruffling 현상은 세포 이동 혹은 세포 사멸로 발생된다고

알려져 있으며 따라서 우리는 마우스 배아줄기세포에서 AKAP6의

발현을 억제하였을 때 나타는 ruffling이 어떠한 현상으로 인한 것인

지 알아보았다. AKAP6의 발현을 억제 후 분화를 유도하여 세포 이
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동시 활성화 되는 분자들의 Protein 수준을 확인 해 본 결과,

AKAP6의 발현 억제 시 이동에 관련된 분자들의 발현이 감소됨을

보았다. 더욱이 anti-apoptotic factor로 알려져 있는 Focal Adhesion

Kinase의 양적 감소는 ruffing 현상이 세포 사멸에 의한 것이라는

것을 제시해 주었다. 이후 AKAP6의 발현을 억제 하였을 때 세포

사멸 특징을 나타내는 실험들을 진행 하였으며, 마우스 배아줄기세

포에서 AKAP6의 발현을 억제하면 세포사멸이 유발된다는 결과들

을 얻을 수 있었다.

결론 - 처음으로 우리는 AKAP6의 마우스 배아줄기세포에 대한 영

향을 제시하였다. 특히 AKAP6의 knock-down이 마우스 배아줄기

세포의 분화가 아닌 세포사멸을 유발 한다는 결론을 도출하였으며,

이러한 결과들은 세포 사멸과 연관되는 질병의 줄기세포를 이용한

새로운 치료 효과를 제안해준다.

주요어 : mouse Embryonic Stem Cells, A-kinase Anchoring

Protein 6, Apoptosis

학번 : 2012-22839
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