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ABSTRACT 

 

Aminoacyl-tRNA synthetases (ARSs), charging amino acid to the 

cognate tRNA, mediate various signal pathways in response to growth, stress and 

apoptotic stimuli. Among them, Methionyl-tRNA synthetase (MRS) is known to 

relocate from cytosol to nucleus under growth condition, however the meaning 

and function of MRS in the nucleus is not clearly understood.  

We found that knockdown of MRS triggered growth retardation of triple 

negative breast cancer (TNBC) cells. G1/S transition of cell cycles was impaired 

by MRS knockdown based on the flow cytometry analysis suggesting that MRS 

may be involved in the cell cycle control. We, therefore investigated the 

relationship between MRS and cell cycle regulation-related proteins and observed 

that level of cyclin-dependent kinase 4 (CDK4) was critically affected by MRS 

expression level. MRS specifically interact with CDK4 based on the pull-down 

assay and immunoprecipitation assay. Hsp90-cdc37-CDK4 complex, which 

controls the stability of CDK4 was co-immunoprecipitated with MRS, and 

knockdown of MRS significantly reduced the level of CDK4 resulting in cell 

growth arrest under growth condition. MRS knockdown-mediated cell growth 

retardation was recovered by overexpression of CDK4 suggesting that 

maintenance of CDK4 stability via interaction with MRS is critical for cell 

proliferation. Stable knockdown of MRS significantly influenced on the 

anchorage-independent colony formation of TNBC cell line. This study suggests 

the novel function of MRS on the regulation of cell proliferation via controlling 
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CDK4 stability and possible role of MRS as a promising therapeutic target for 

TNBC treatment. 
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INTRODUCTION 

 

 

 ARSs are housekeeping enzymes that charge amino acids to their cognate 

tRNA for protein synthesis. According to many studies, they also can do other 

roles in various signaling pathways in connection with human diseases. 

Additionally, some of them compose multisynthetase complex (MSC) in higher 

eukaryotes (1). Especially, MRS charges methionine to tRNAMet, which is critical 

for protein synthesis at the beginning step. In previous studies, it was reported 

MRS is located in nucleus and promote ribosomal RNS synthesis, in growth 

signals-dependent manner (2). There are some reports that ribosomal RNA 

synthesis is very important process for cell proliferation and the malfunction of 

this mechanism were often found in many cancers. In this case not only protein 

synthesis, but also cell cycle machinery can be affected (3). Based on these reports, 

I tried to find out the relationship between cancer and MRS and whether the 

mechanism is related to cell cycle regulation or not. First, I tried to observe the 

alteration of G1/S phase transition molecules, because ribosomal RNA synthesis 

and ribosome assembly are increased during G1; a prerequisite for S phase (3). As 

shown here, I found that MRS regulates CDK4 protein level in growth signal 

dependent manner. 

 CDK4 is well known as a critical regulator of cell proliferation, so there 

are numerous trials to regulate this molecule for cancer treatment. The most 

representative example among these trials is a specific inhibitor of CDK4, 

PD0332991, which is developed by Pfizer. PD0332991 is a kind of 2nd generation 
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CDKs inhibitor, which is highly selective inhibitor of CDK4 and CDK6, for 

treating breast cancer patients (4). As mentioned above, drugs targeting CDK4 are 

mostly used for breast cancer patients because highly activated CDK4 cyclin D 

signaling is one of the main causes for poor prognosis in breast cancer patients (5). 

Moreover, TNBC, one of the subtypes of breast cancer, which doesn’t have any 

pathologically over-expressed receptor and shows poor prognosis, doesn’t have 

clinically useful drugs so it is currently urgent issue to find targetable molecule for 

TNBC. Because TNBC exhibits highly elevated MYC expression and it is 

regressed with CDK inhibition (6), CDK is emerged for one of the targets for 

TNBC treatment. 

 Based on these previous researches, I tried to identify the regulation effect 

of TNBC cell proliferation by MRS induced CDK4 stabilization. As the 

importance of CDK4 function in breast cancer progression has already been 

reported, I used the TNBC model to validate the effect of MRS-mediated CDK4 

regulation. Finally, I demonstrated that MRS regulates TNBC cell proliferation by 

stabilizing CDK4 and suggested possibility of novel therapeutic target molecule 

for TNBC. 
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MATERIALS AND METHODS 

 

 

Materials 

 

The primary antibodies I used are against CDK1 (Cell signaling, #9112P), 

CDK2 (Cell signaling, 78B2), CDK4 (c-22: Santa Cruz Biotechnology, sc-260, H-303: 

Santa Cruz Biotechnology, sc-740, DCS-35: Santa Cruz Biotechnology, sc-23896), CDK6 

(B-10: Santa Cruz Biotechnology, sc-7961), Cyclin D (Millipore, 04-221), Cyclin E 

(HE12: Millipore, 05-363), Cyclin A (H-432: Santa Cruz Biotechnolocy, sc-751), Cyclin 

B (H-433: Santa Cruz Biotechnolocy, sc-752), Phospho-Rb (Ser780, C84F6, Cell 

signaling, #3590), MRS (abcam, ab50793), Hsp90 (H114: Santa Cruz Biotechnology, sc-

7947), c-myc (9E10: Santa Cruz Biotechnology, sc-40), HA-probe (F-7: Santa Cruz 

Biotechnolocy, sc-7392), Flag (Sigma Aldrich, F3165-1MG), GFP (B-2: Santa Cruz 

Biotechnology, sc-9996). Secondary antibodies, Mouse (Thermo scientific Immunopure 

Ab, Host Goat-Anti, Antigen Mouse IgG [H+L], Cat. 31430), and Rabbit (Thermo 

scientific Immunopure Ab, Host Goat-Anti, Antigen Rabbit IgG [H+L], Cat 31460), were 

used. 

 

Cell culture 

 

All cells except HeLa and 293T were cultured in RPMI medium (with 25 mM 

HEPES and L-Glutamine, Hyclone, USA) with 10 % fetal bovine serum (FBS, Hyclone, 

USA) and 100 μg/mL of penicillin and streptomycine at 37°C in a 5 % CO2 incubator. 
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293T and HeLa cells were cultured in High glucose Dulbecco’s Modified Eagle’s 

Medium (DMEM) (with 2.5 g Pocrine trypsine, 4.00 mM L-Glutamate, 400 mg/L 

Glutamine and Sodium pyruvate, Hyclone, USA) with 10 % fetal bovine serum(FBS, 

Hyclone, USA) and 100 μg/mL of penicillin and streptomycine at 37°C in a 5 % CO2 

incubator. 

 

RNA interference 

 

To do RNA interference, si-RNA was transfected with Lipofectamine 2000 

reagent. All process was done according to manufacturer’s instructor. First, each si-RNA 

and Lipofectamine 2000 were diluted in serum free media and incubated for 10 minutes. 

Then each mixture was mixed by pipetting and incubated for 20 minutes. After 72 hours 

of transfection, cells were harvested or assayed according to experiment protocols. Stealth 

RNAi Negative control medium GC duplexes (Invitrogen, 12935-300) were used as a 

control. For si-RNA targeting MRS gene, RNA interference duplexes were synthesized si-

RNA sequences of MRS (Invitrogen, 5’-CUACCGCUGGUUUAACAUUUCGUUU-3’) 

. 

Western blot 

 

All cells were lysed by lysis buffer (50 mM Tris-HCL pH 7.4, 0.5 % Triton X-

100, 5 mM EDTA, 10 % glycerol, 150 mM NaCl, and protease inhibitor) for 30 minutes 

at 4°C. After then, the lysates were collected in 1.5 mL EP tube and centrifuged at 13,200 

rpm for 15 minutes at 4°C. The supernatants proteins were quantified by Bradford assay 

(BioRad, Cat. 500-0006). Final sample was maded by adding 5X laemmli sample buffer 

and lysis buffer. Samples were boiled for 10 minutes before gel running. After that, 

Samples were loaded on SDS page gels and separated by electrophoresis. Proteins at the 
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gel were transferred to PVDF (polyvinylidene fluoride) membranes from Mllipore (IPVH 

00010) for 90 minutes, 55 mA per gel. The membrane was incubated with 5 % skim milk 

based 0.5 % TBS-T for 1 hour for blocking non-specific bindings. After removing skim 

milk solution, primary antibodies were added to the membrane during overnight at 4°C. 

The membrane was washed with 0.5 % TBS-T buffer for 5 minutes, repeated 3 times. 

After this process, secondary antibodies were added for 1 hour. Washing membrane 

eaqually previous step, ECL solution (EZ-Western Lumi Plus, DG-WPA200) was applied 

to detect target proteins. 

 

Quantitative real time PCR (qRT-PCR) 

 

 Transcript level of CDK4 and MRS (target molecules) and Papola (endogenous 

control) were measured by qRT-PCR. RNA was gathered by A549, which was treated si-

control or si-MRS, using miRNeasy Mini kit (Qiagen, 217004) as manufacturer’s 

instruction. 2 μg of RNA was reverse-transcribed with M-MLV Reverse Transcriptase 

(Invitrogen), Random hexamer (Qiagen), dNTP (Takara), DTT (Invitrogen) and reaction 

buffer. The mixture was cycled (65°C for 5 min, 37°C for 2 min, 25°C for 10 min, 37°C 

for 50 min and 70°C for 15 min) to synthesizing cDNA from the extracted RNA.  

(MRS mRNA sense primer: 5’-GAGGATGGGAAATTCGATAAGAGCCGCGGTGTG-3’ 

antisense primer: 5’-TTGGTTGCCATGTCGTCTTGGTGGGTACT-3’,  

CDK4 mRNA sense primer: 5’-CCGGAATTCATGGCTACCTCTCGATATGAGCCA-3’, 

antisense primer : 5’-CCCCTCGAGTCACTCCGGATTACCTTCATCCTT)-3’ 

After then, qRT-PCR was done with POWER SYBR GREEN master mix (Ab, 4367659) 

according to manufacturer’s protocol. 
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GST-pull down assay 

 

First, GST-MRS fusion proteins were purified as follows. GST-MRS and GST-

EV plasmids were transfected BL21 competent cells and incubated in LB media about 6 

hours (until OD value becomes approximate 0.6). Isopropyl-β-D-thiogalactopyranoside 

(IPTG) (1 mM) was added and incubated for 4 hours at 18°C. Cells harvested by 

centrifuging were lysed with PBS based 0.5 % triton-X 100 buffer by sonication of 50 % 

Amp and 10 seconds, 5 times. After centrifuging at 13000 rpm, 4°C, glutathione 

sepharose 4B (GE healthcare sepharose 4B) are added to supernatant for 4 hours. To 

remove non-specific proteins, beads were washed for 3 times about 5 minutes for every 

time. Then we performed GST-pull down assay with two ways. From now on, the buffers 

kare changed for GST- pull down (20 mM HEPES [pH7.4], 150 mM NaCl, 10 % glycerol, 

0.05 % NP-20). One of them incubated with GST-MRS or GST-EV proteins and 293T 

cell lysate (HA-CDK1, CDK2, CDK4 and CDK6 plasmids were transfected to 293T cell 

with Turbofect then cells were lysed after 24 hours as we did western blot assay) and the 

other is incubated TNT lysate (TNT lysates were mixed with HA-CDK4, Hsp90, cdc37 

plasmids and [35S]-Met about 1 hour at 30°C) with same proteins. After incubate 4 hours, 

beads were washed three times for 5 minutes each. Then 1x sample buffer was added and 

boiled for 5 minutes to do electrophoresis. After Transfer to membrane we detected 

CDK4 with HA antibody as we did western blot assay and quantified GST-EV or GST-

MRS proteins by staining membrane with ponceaus. Or gels were stained with Instant 

Blue (Expedeon, ISB1L) to detect GST-EV and GST-MRS proteins and dried at 65°C for 

about 1.5 hour when we did the experiment as second way. Then dried gel was exposed 

BAS cassette to detect Isotope which was incorporated to TNT lysates. 
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DNA transfection 

 

We used Turbofect (Fermentas) to transfect plasmids with 293T cell line as 

manufacturer’s instruction. First dilute DNA and reagent with 1:3 ratio at serum free 

DMEM media and pipetting to make homozeneous mixture. After incubating 15 minutes, 

the mixture was added to cells with fresh media. 

 

Immunoprecipitation 

 

To observe the binding of MRS and Hsp90-cdc37-CDK4, we transfected each 

plasmids (pcDNA3.0-Hsp90, flag-cdc37, HA-CDK4 and Myc-MRS) as each pictures 

mentioned. Then, IP buffer (50 mM Tris-HCl [pH 7.5], 250 mM NaCl, 0.5 % NP40, 50 

mM NaF, 5 mM EDTA, 1 mM Na3VO4 and protease inhibitor) was added to plate to lyse 

the cells and cells were scrapped to collect lysate. Then the lysate was sonicated with 

sonicator (1 sec pulse on, 3 sec pulse off, 25 % Amp, 5 sec) for three times. Then cells 

were centrifuged for 13200 rpm, 15 minutes then the protein extracts were incubated with 

beads and antibody for 4 hours at 4°C (antibodies and beads were incubated for four 

hours before cell lysis and types and amounts of antibodies were used as each pictures 

mentioned). After incubation, beads were washed 5 minutes for three times with IP buffer, 

and 1x SDS sample buffer was added and boiled to elute proteins. Samples were 

separated by SDS-PAGE gel to detect each protein. 

 

Stable cell line preparation 

 

For stable knock-down of MRS, MRS specific sh-RNA was synthesized and 

plasmids were transfected using Fugene reagent. After one day of incubation cells were 



13 

 

passed to 6 well plate to dilute confluency. From the next day, I treated G418 at 800 

μg/mL to select cells because plasmids has resistance marker of G418. About one month 

of selection, I picked up some colonies. Each colonies were confirmed by western 

blotting of MRS. 

 

BrdU incorporation 

 

Cells are plated in 96-well plates (5 X 103 per each well) and incubate overnight 

to attach on the plate stably. Next day, cells were washed with serum free media 100 μl 

for three times to remove serum completely. Then 90ul of serum free media added and 

incubated one day (24 hours). 10ul of serum added at serum release group while serum 

free arrest group just added 10ul of serum free media. After release 9 hours, cells were 

washed with serum free media again to exclude serum interference of BrdU incorporation. 

10 μM of BrdU was incorporated at 4 hours then following process was conducted as 

manufacturer’s protocol. 

 

Cell proliferation assay 

 

 Every cells were treated according to each picture mentioned, cells were plated 

(3 X 103 per well) in 96 well plates. The number of cells was counted every 2 hours using 

Incu-Cyte. After measuring 48 hours, growth curve was drawn using the number of cells 

at different time. 

 

Colony formation assay 

 

Cells (1 X 104) in 2 mL of 0.3 % agarose-RPMI media solution were poured on 
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top of a 2 mL bottom layer of 0.6 % agarose-RPMI media in six-well culture plates. 2mL 

of RPMI was added to each well every 5 days. After 1 month, the colonies were stained 

with 0.5 mL of ethanol based 0.1 % cristal violet for about 20 minutes. Destaining was 

done with methanol for several times. 

 

MTT assay 

 

 MDA-MB-231 cells were transfected with plasmids after 12 hours of si-RNA 

treatment. Each plasmids and si-RNA was treated according to figure legend. After 12 

hours of transfection, cells were plated 5 X 103 per well in 96 well plate. I incubated cells 

for 48 hours at 37°C to check the cell viability. Then 20 μl of MTT solution (Sigma, 

M2181, 5 mg/mL) was added in 100 μl media and incubated for 1 hour. After removal of 

the media, 100 μl of DMSO was added each well to dissolve MTT-formazan crystals. 

Absorbance was measured at 570 nm wavelength. 
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RESULTS 

 

Knock down of MRS expression specifically reduces CDK4 protein level 

 

 In previous study, we reported that MRS regulates cell cycle phase transition 

especially G1 to S, so we screened MRS regulation effect to cell cycle regulator 

molecules (CDK1, CDK2, CDK4, CDK6 and related cyclins). As a result, I found out 

that only CDK4 and CDK4 related regulators (cyclin D and phospho-Rb) are reduced in 

response to MRS knock down by si-RNA transfection (Figure 1A). Also, I did 

quantitative-RT PCR to check whether the mRNA level also reduces or not. MRS shows 

its effect only protein level (Figure 1B), so I treated MG132, a kind of proteasome 

inhibitor, to inhibit protein ubiquitination then CDK4 protein level which reduced by 

MRS knock-down was recovered (Figure 1C). In conclusion, MRS stabilizes CDK4 

protein by inhibiting CDK4 ubiquitination. 

 

MRS stabilizes CDK4 by interacting with HSP90-cdc37-CDK4 complex 

 

 After I realized MRS works CDK4 protein stabilization, I investigated about 

CDK4 ubiquitination and found HSP90-cdc37-CDK4 complex is very important to 

stabilizing CDK4 (7). So, I tried immunoprecipitation and GST-pull down to find some 

relationship between MRS and the complex. I finally found that MRS interacts with the 

complex (Figure 2B) and CDK4 is the molecule which directly binds with MRS (Figure 

2A). Then I also tried GST-pull down with other CDKs (CDK1, CDK2, CDK4 and 

CDK6) because I can guess this binding can be connected with CDK4 stabilization if 

MRS just specifically interacts CDK4 among other cell cycle regulating CDKs. 
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Consequently, CDK4 only binds with MRS among family of cell cycle regulating CDKs 

(Figure 2C), so I inferred that MRS specifically regulates CDK4 stabilization by binding 

with CDK4 and the complex. 

 

 MRS is highly expressed in TNBC and controls CDK4 stability 

 

 In order to develop new therapeutic target as MRS’s regulation effect of CDK4, 

I tried to find out appropriate disease target. After studying some paper, I found out 

CDK4 signal pathway is deregulated in breast cancer (8), so targeting CDK4 for effective 

treatment is very important for these patients. Breast cancer is known for heterogeneous 

cancer so subtypes are classified by disease-related over-expressed receptor. 

Representative subtypes are classified as luminal A, luminal B, ER (Estrogen Receptor) 

positive and TNBC (ER/PR/HER2 negative). Among them, TNBC is notorious for poor 

prognosis and there is no effective treatment because it doesn’t have specific target and 

shows aggressive behavior (9). So I tried to study TNBC and people suggest that most of 

the up-regulated genes in TNBC are related to cell cycle (10). Based on these, I 

researched alteration of MRS level in TNBC. As a result, MRS level was elevated in 

TNBC than normal breast cancer or other type of breast cancer (ER+ breast cancer) 

(Figure 3A). Also, I watched CDK4 regression according to MRS knock down in TNBC 

cell lines (Figure 3B). Finally, I checked interaction of MRS and CDK4 at different 

condition by endo-level IP. MRS and CDK4 interaction was observed more strongly at 

growth condition (Figure 3C). Interestingly, MRS interaction with Hsp90 also 

strengthened at growth condition (Figure 3C). 

 In conclusion, CDK4 regulation effect of MRS can be the potent therapeutic 

target for TNBC because cell cycle regulation is very important pathway in TNBC and 

MRS is elevated and important regulator for CDK4 in TNBC also. 
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 MRS controls proliferation of TNBC by regulating CDK4 stability 

 

 Until now, I researched CDK4 regulation effect of MRS and application of its 

effect in TNBC. So I tried to show phenotypical effect of proliferation regulation effect of 

MRS in TNBC. I chose BT-20 and MDA-MB-231 which are representative TNBC cell-

lines to test phenotypical effect because they are typical TNBC cell lines. After I 

reproduced CDK4 regulation effect of MRS in several TNBC cell lines (Figure 3B), I 

prepared sh-MRS stable cell lines to find long term effect of MRS at cell proliferation. 

Then I did BrdU incorporation and drew cell growth curve to check shift of cell 

proliferation. As a result, cell proliferation arrested by MRS knock-down at growth 

condition (Figure 4A, 4B).  

 

Overexpression of CDK4 restores cell proliferation suppressed by knock down of 

MRS 

 

To make clear that CDK4 regulation is critical for regulation of cell proliferation 

by MRS, I over-expressed CDK4 at stably MRS knock down cell line. After seeding 

same density (3 X 103) at each group in 96 well culture dish, cell numbers were checked 

every 2 hours during 2 days (48 hours). Regressed proliferation of MRS knock-down 

stable cell can overcome the regression when I over-expressed CDK4 (Figure 5A). To 

make clear whether the CDK4 growth recover effect is MRS specific or not, I treated si-

Control, si-MRS, and si-KRS at MDA-MB-231 cell and transfected HA-CDK4 or empty 

vector. After 36 hours of plating cells in 96 well plate at 5 X 103 density, I performed 

MTT assay. As a result, growth recovery by CDK4 is specific at si-MRS treated group 

(Figure 5B). 
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MRS-mediated CDK4 regulation is p16 dependent 

 

 Doing research MRS effect of CDK4 regulation, I found that some of the cell 

lines show the MRS effect while others not. So, I tried to find the difference between the 

two groups, finally I found out that p16 expression was the difference. Only at p16 

negative cell-lines CDK4 level was reduced in response of MRS knock down by si-RNA 

treatment (Figure 2A, 3B) while p16 positive cell-lines didn’t (Figure 6A). In order to 

search p16 expression is critical to CDK4 regulation effect of MRS, I over-expressed p16 

at MDA-MB-231, which is p16 negative and TNBC cell-line, then treated si-MRS to 

observe the effect. Consequently, reduced CDK4 level by MRS knock-down was 

recovered when I over-expressed p16 (Figure 6B). So I concluded p16 expression can be 

the important factor of MRS effect.  
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Figure 1. Knockdown of MRS expression specifically reduces CDK4 protein level  

 

(A) Cells were transfected with siRNA and harvested after 72 hours. Each proteins were 

detected by specific antibody. (B) After transfected with siRNA, cells were lysed to 

extract RNA. Then quantitativeRT-PCR was done with specific primer to detect the level 

of RNA. (C) CDK4 level alteration by MRS knock down was detected at different 

condition. One set of sample was treated DMSO, as a control group, the other set of 

sample was treated 50 μM MG132. After treating 4 hours, cells were harvested and 

CDK4 level was detected by western blotting. (MG132 : proteasome inhibitor) 
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Figure 2. MRS stabilizes CDK4 by interacting with HSP90-cdc37-CDK4 complex 

 

(A) In order to detect the binding of MRS and Hsp90-cdc37-CDK4 complex, 

immunoprecipitation was done. After transfecting MRS and Hsp90, CDK4, or cdc37 to 

293T cell lines, cells were lysed and subjected to immunoprecipitation using designated 

antibody. Then, the protein of interest was detected by western blotting whether the 

complex binds or not. (B) After immunoprecipitation, GST-MRS protein was incubated 

with each TNT lysates to find out direct interaction with MRS. In conclusion, only CDK4 

was directly bind with MRS. (C) GST-MRS protein was incubated with each HA-CDKs 

transfected 293T cell lysate to find out binding of several CDKs and MRS. Among cell 

cycle regulate CDK family, only CDK4 binds with MRS. (D) CDK4 and MRS binding is 

confirmed significantly at cellular level, by endo-immunoprecipitation of CDK4 and 

MRS.  
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Figure 3. MRS is highly expressed in TNBC and controls CDK4 stability 

 

(A) The level of MRS is reported to be increased in TNBC (MDA-MB-231, BT-474) (by 

EMBL-EBI). Also, MRS is increased in TNBC than MCF7 (ER+), while any other ARSs 

(EPRS, KRS) didn’t show notable difference. (B) TNBC cell lines (BT20, MDA-MB-231 

and Hs578T) show MRS dependency on CDK4 protein stabilization. (C) Interaction of 

MRS and CDK4 was confirmed by endo-immunoprecipitation in MDA-MB-231. 

Intensity of the affinity was increased by growth signal. Strong interaction between 

Hsp90 and CDK4 was also observed under growth condition. 
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Figure 4. MRS controls proliferation of TNBC by regulating CDK4 stability 

 

(A) To check the effect of MRS on the cell proliferation, I prepared MDA-MB-231 stable 

cell line which expresses sh-MRS to knock down endogenous MRS. Cells are plated at 

5X103 per well and serum free arrested for 24 hours. Serum was pulsed for 9 hours at 

serum release group while control groups are not. BrdU was incorporated for 4 hours at 

serum free conditions. Increment of cell proliferation by serum release was inhibited by 

MRS knock down. (B) Growth curve was drawn with the same stable cell lines. Cells 

were plated 3x103 per well. After cells were attached, control groups were replaced with 

serum free media while others were incubated complete media. Number of cells was 

counted every 2 hours. (C) The effect of MRS at cell proliferation in MDA-MB-231. 

Cells from MDA-MB-231 stable cell was plated 104 cells per well in 6 well plate. After 

cells were incubated for enough time to form colony, cells were stained with 0.1 % crystal 

violet to detect colonies. Colony formation was hindered in MRS knock down cell. 
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Figure 5. Overexpression of CDK4 restores cell proliferation suppressed by knock 

down of MRS 

 

(A) To check MRS effect of proliferation is through CDK4 regulation, I over-expressed 

CDK4 exogenous in MRS knock-down stable cell. As a result of cell proliferation curve, 

over-expression CDK4 makes overcome the growth inhibition by MRS knock-down. 

However, CDK4 over-expression didn’t show remarkable difference in control group. (B) 

In order to find out CDK4 recovery effect is specific for MRS knock down or not, I 

performed MTT assay. After cells were treated si-RNAs, cells were splitted in half the 

next day. After each group were transfected HA-CDK4 or empty vector, cells were plated 

5 X 103 per well in 96-well plate. 20 μl of MTT solution was added and incubated at 

37°C for about 1 hour to form MTT-formazan crystals. After incubation, solutions were 

removed and 100 μl of DMSO was added each well to dissolve MTT-formazan crystals. 

Absorbance were measured at 570 nm wavelength. 
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Figure 6. CDK4 regulation function of MRS occurs in p16-dependent manner 

 

(A) Cell lines are grouped according to p16 expression level (11-13). Reduction of CDK4 

protein level by MRS knock down was not observed in p16 positive cells. The cell lines 

which are used in Figure 3B (MDA-MB-231, BT20 and Hs578T) and in Figure 2A (A549) 

show MRS-dependent CDK4 regulation. They are all p16 negative cell lines (13). (B) In 

order to check the effect of p16 directly, p16 was over-expressed exogenously and si-

MRS was treated to MDA-MB-231, which is p16 negative TNBC. CDK4 reduction by 

MRS knock down was recovered by p16 over-expression. 
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Figure 7. Schematic model of MRS working mechanism in TNBC 

 

MRS interacts with newly synthesized CDK4, which is very unstable form, to stabilizing 

it. This interaction usually occurs in growth condition, and triggers Hsp90-cdc37-CDK4 

complex formation. In this way CDK4 is folded to be stabilized form and cell 

proliferation is triggered. 
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DISCUSSION 

 

 MRS is a kind of ARS enzymes that charging amino acid to cognate tRNA in 

protein synthesis. Besides, MRS was reported to translocate to nucleus and promote 

rRNA synthesis in a growth signal dependent manner (2). Because rRNA synthesis is 

increased in cancer or growth condition and related with G1/S phase transition (3), I tried 

to find the relationship of MRS and cell cycle regulation.  

 First, I tried to find the mechanism of MRS for the cell cycle regulation. I 

investigated the effect of MRS on the expression levels of representative cell cycle 

regulators. As a result, MRS knockdown specifically reduced the levels of CDK4 and its 

downstream pathway molecules including cyclin D1 and phosphor-Rb at protein level. 

Because CDK4 is headed for degradation via ubiquitination and this process is regulated 

by Hsp90-cdc37-CDK4 complex (7), I also checked the relationship between MRS and 

the complex. As expected, MRS interacted with this complex and their interaction was 

growth signal dependent, therefore, I concluded that effect of MRS on the control of cell 

proliferation is related to the stability of CDK4 which is regulated by Hsp90-cdc37-

CDK4 complex. 

Interesting point is that MRS-mediated CDK4 regulation can retard the 

proliferation of TNBC. TNBC is one of the notorious cancer type because of the poor 

prognosis and high metastasis rate (9). There have been no effective target therapies for 

TNBC due to the lack of known pathological receptors. Many researcher have tried to 

find out the critical pathways and target molecules in TNBC, whose modulation can be 

applied for the treatment of TNBC. Recently, CDK4 is emerging as one of the promising 

targets of TNBC or chemoresistant breast cancer (14), however, there was no envisioned 

CDK4 inhibitor identified for the treatment of TNBC. In this study, I demonstrated that 
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MRS interacted with CDK4 and controlled the stability of CDK4 via Hsp90-cdc37-

CDK4 complex in TNBC. Stable knockdown of MRS also reduced the level of CDK4 in 

TNBC cell line resulting over 50% of cell growth retardation. All these results suggested 

that targeting MRS can be a potent therapeutics for the treatment of TNBC.  

In the process of  investigating MRS knock down effect on CDK4 protein level, 

I lit on several cell lines whose CDK4 was not responsive to MRS. One common 

characteristic among these cell liens was that they are p16 positive, the endogenous 

CDK4 inhibitor. In order to confirm the effect of p16, I examined whether p16 

overexpression can modulate the MRS-CDK4 relationship in a p16 negative cell line. As 

expected, overexpressed p16 hindered CDK4 reduction by MRS knock down. Given that 

p16 and cdc37 can compete for CDK4 interaction (15), it seems that MRS effect can be 

seen in the absence of p16. Although, further study should be performed to understand the 

working mechanism of MRS clearly, p16 seems to be one of the biomarkers to predict the 

possibility of MRS-mediated CDK4 regulation.  

In this study, I suggested the novel function of MRS regulating cell cycle via 

increasing the stability of CDK4 and possible role of MRS as a promising therapeutic 

target for TNBC treatment. 
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요약 (국 ) 

삼   암에  CDK4 조  통한  

Methionyl-tRNA synthetase  포증식조   

효과 연구 

 

  희 (Sehee Kim) 

 

ARS 는 transfer RNA (tRNA)에 아미노산  붙여주는 효소  고등 

진핵 생  경우 ARS  일부는 MSC 를 이루어 존재한다. ARS 는 

일  알 진 능 외에도 신체 내에  여러 신 달경 에 여하여 

다양한 질병  달에 향  미 는 것  알  있다. 그  MRS 는 

장인자  자극에 해 포질에  핵 내  이동함이 알  있다. MRS 

억 는 포 증식  지연시키며 특히 포주  G1 에  S  에 

향  미 다. 

본 연구에 는 MRS  포주   장조   히  해 

포주  조  인자인 다양한 Cyclin Dependent Kinase (CDK)  MRS  

계를 살펴보았다. 그 결과 MRS 가 CDK4  특이  결합하여 

CDK4  단 질량  조 함  GST-pull down  immunoprecipitation 

등  실험  통해 찰하 다. MRS 는 CDK4  직  결합, CDK4  
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안 를 도 주는 Hsp90-cdc37-CDK4 복합체  상 작용하여 CDK4  

안  높임 써 포 장  진시켰다.  

CDK4 는 맞춤  지향 약 료 가 없는 삼   암 

(에스트 겐 용체, 프 스  용체, HER2 용체가 모  과 지 

않  암)  생존에 요한 역할  담당하며 삼   암  새 운 

료 타겟  주목 고 있다. 이에 본 연구에 는 삼   암 

포주인 BT-20, MDA-MB-231 에  MRS  포 장 조  효과를 

살펴보았다. 그 결과 MRS 억 에 한 CDK4 감소는 삼   암 

포  장  하게 조 함  알  있었다.  

본 연구는 MRS-CDK4 를 통한 새 운 포 장 조   

다는 , 그리고 존 맞춤  료 가 없는 삼   암  타겟 

시라는 에  가 있다. 

 

 

 

 

 

 

 

 

주요어 : MRS (Methionyl-tRNA synthetase), CDK4, Hsp90-cdc37-

CDK4 복합체, 삼   암, 포 장,  

학번 : 2012-21568 
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