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ABSTRACT 

 

Regulation of cancer metastatic program 

by p53/miRNA-34 axis dependent CD44 expression 
 

 

Lee, Jeong Seon 

Department of Dental Science 

The Graduate School, Yonsei University 

(Directed by Professor Jong In Yook, D.D.S., Ph.D.) 

 

CD44 is a transmembrane glycoprotein involved in cell-cell and cell-matrix adhesion 

and in cell migration. This protein participates in a wide variety of cellular functions 

including lymphocyte activation, recirculation and homing, hematopoiesis, and tumor 

metastasis. Recent study reveals that CD44 plays an important role in regulation of cancer 

stem cells. P53 tumor suppressor is the key player at the center of a complex molecular 

network regulating diverse cancer related pathways. MiRNA are short non-coding RNAs, 

on average only 22 nucleotides long, which interact with complementary or near-

complementary matched sites in the untranslated regions (UTRs) of mRNA targets. It is a 

vital and evolutionarily ancient component of genetic regulation and can have tumor 

suppressor or oncogenic activity. The previous studies on miRNA-34 family induced by 

p53 activation had focus on the function of cell cycle arrest, apoptosis. But the 

relationship of the p53/miRNA-34 tumor suppressor network and cancer stem cells 

remains unclear. 

In this study, we showed miR-34 family's direct target sites on CD44 by the 

bioinformatic prediction, which lie in 3' UTR and 5' UTR. We also examined the 
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Regulation of CD44 by p53-miR34 tumor suppressor network and the role of CD44 in 

cancer migration and invasion. The results are as follows: 

1. The miRNA-34 family has target sites on 3’ UTR and 5’ UTR of CD44 

simultaneously. 

2. CD44 is highly expressed in A549 cells and MDA-MB 231 cells. 

3. Loss of p53 function and p53 degradation potentiate CD44 protein expression and 3’ 

UTR and 5’ UTR’s activity.   

4. CD44 is a direct target of miRNA-34. 

5. MiRNA-34 inhibits CD44-mediated cancer cell migration and invasion. 

The results of the study provide insight into the mechanisms by which p53/miR-34 axis 

restrains CD44, and suggest the therapeutic strategy in cancer stem cells.  

 

 

 

 

 

 

 

 

 

------------------------------------------------------------------------------------------------------------ 

Key words : CD44, p53, miRNA-34, cancer stem cells, untranslated region(UTR), 

metastasis 
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I. INTRODUCTION 

CD44 was first described in 1983 as the lymphocyte homing receptor
1
, and initially  

cloned in 1989
2
. It is a single pass transmembrane glycoprotein involved in cell-cell and 

cell-matrix adhesion. CD44 is an important receptor that binds hyaluronan
3
, and 

participates in a wide variety of cellular functions including lymphocyte homing, 

inflammation, cell migration, signaling, and tumor metastasis
4,5
.  CD44 has multiple 

isoforms generated by alternative splicing of the mRNA, which contribute to the 

molecule's ability to mediate significantly different functions in the growth of and 

infiltrative and metastatic behavior of various tumors. Altered levels of CD44 expression 

have been detected in many types of human neoplasms
6
.  

One of the most promising therapy targets came with the identification of a pool of 

cancer cells with stem characteristics-cancer stem cells (CSCs). Stem cells have been 

documented in a variety of normal tissues, and more recently this paradigm was extended 

to neoplasias
7,8
. CSCs were first identified in the hematopoietic system

9
, and also 

discovered in solid tumors of breast, colon, and brain
10-13

. CSCs may generate tumors 
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through the stem cell processes of self-renewal and differentiation into multiple cell types. 

Such cells are proposed to persist in tumors as a distinct population and cause relapse and 

metastasis by giving rise to new tumors. CD44 has been recognized as a CSCs marker in 

several types of cancer
14,15

, because  CD44
+
 cells show a mesenchymal stem cell-like 

profile, enriched for genes involved in cell motility, proliferation and angiogenesis, and 

its positivity has been associated with decreased patient survival
16
. There is ample 

evidence for the importance of CD44 expression in the progression of many tumor types
14
, 

as well as for its expression on cancer stem cells
17
. In breast cancer, the first report 

identifying and isolating tumorigenic CSC from non-tumorigenic cancer cells used the 

combined expression of two cell surface markers: CD44
+
/CD24

-/low
.
18
  These cells are 

highly enriched for tumor-initiating cells in comparison to the majority of carcinoma cells 

of the CD44
-
/CD24

high
 phenotype found in the same tumors

10
. CD44 expression is 

positively associated with stem cell-like characteristics and CD24 expression related to 

differentiated epithelial features
19
.  

The human genome may encode over 1000 microRNAs (miRNA), which may target 

about 60% of mammalian genes and are abundant in many human cell types. MiRNAs 

are small, endogenous, non-coding RNA molecules, on average only 22 nucleotides long. 

Precise chronological and topological regulation of post transcriptional gene silencing by 

miRNA is essential for animal development and tissue differentiation
20
, and abnormal 

expression is suggested to be associated with various human disorders, including 

cancer
21,22

. With accumulating evidence revealing the importance of miRNAs in cancer, it 

is now accepted that miRNAs can have tumor suppressor or oncogenic activity.  

Various cellular stresses, such as DNA damage, hypoxia, and nutrient deprivation, can 

activate p53 tumor suppressor. P53 tumor suppressor is the key player at the center of a 



３ 

 

complex molecular network regulating diverse cancer related pathways. Activation of p53 

leads to diverse cellular responses, including apoptosis, cell cycle arrest, blockade of 

angiogenesis, and activation of DNA repair
23,24

. The output of the p53 pathway is 

determined by the coordinated transcriptional activation of p53 target genes in a context-

dependent manner
25
. Abnormalities in the p53 pathway are found in nearly all types of 

cancers, and p53 mutations are often associated with aggressiveness of tumor and poor 

patient prognosis. A first advance connecting p53 pathway and the miRNA world is the 

identification of miR-34 family. In 2007, an illustration of the role of a miRNA in a well-

established tumor-suppressor network was provided by five independent studies that 

linked members of the miR-34 family with p53
26-30

. The p53 network acts as a sensor for 

many cancer associated stress signals, including DNA damage, telomere depletion, 

oncogene activation, hyperactive cytokine signaling and hypoxia
23
. These signals are 

translated into effects on cell proliferation, cell death, DNA repair and angiogenesis
23
 

through the function of p53 as a sequence-specific transcriptional regulator. Recently 

miRNA-34 is believed a direct transcriptional target of p53 and participates the p53 

tumor suppressor network, but the relationship with CSCs is not fully understood.  

In this study, we examined the regulation of CD44 targeted by miR-34 family through 

the bioinformatic prediction and cell-based UTR reporter assay, and regulation of CD44 

by p53/miR34 tumor suppressor network and the role of CD44 in cancer migration and 

invasion.  
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II. MATERIALS AND METHOD 

1. Cell culture 

 A549, MCF-7, HCT116, SW480 and MDA-MB-231 cells were cultured in Dulbecco’s 

modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 

100 units/ml penicillin, and 100 g/ml streptomycin at 37℃ with 5% CO2. The functional 

status of p53 in various cancer cell lines was confirmed through the TP53 database. 

(http://www-p53.iarc.fr/) 

 

2. Constructs and generation of stable transfectant cells 

 Retroviral expression vector of HPV-E6 was constructed by cloning of HPV-E6 ORF 

into a pQCXIP retroviral expression vector (Clontech). Lentiviral shRNA-dsRed-VSVG 

construct for p53 and lentiviral shCD44 construct were obtained from the University of 

Michigan Vector Core. Viral expression or control vector were used to generate viral 

stocks in 293 cells for subsequent infection of A549 and MDA-MB-231 cells. The day 

before transfection plate, 293 cells into 12 mm dish so that they are 80~90% confluent the 

day of transfection. One tube was diluted with 0.4 µg DNAs and 1.2 µg packagein vectors 

into OptiMEM and mixed gently. The other tube was diluted with 4 µl Lipofectamine 

2000 (Invitrogen) into 100 µl OptiMEM and incubated within 5 min at room temperature. 

Diluted DNAs and Lipofectamine reagent was combined and mixed gently and incubated 

for 30 min at room temperature to allow DNA-loposome complexes to form. While 

complex were forming, the medium on the cells was replaced with 1 ml DMEM without 

penicillin. For each transfection, cells were added with 600 µl medium contains 

complexes dropwise onto the cells and incubated for 4~6 hours at 37°C in a CO2 
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incubator. Following incubation, cells were added with 2 ml DMEM contains 10% FBS 

into plate without removing the transfection mixture. After 2 days, the supernatants 

contained virus were harvest and filtered through a 0.45 µm filter into a 1.5 ml tube. For 

p53 and CD44 knockdown, cells plated at 1 x 10
5 
cells/well in 6 well plates in 1ml in the 

presence of 8µg/ml polybrene. After spinning leave the sup on the cells overnight and 

then the medium was replaced with fresh, complete medium at 18~24 h following the 

start of transduction. Stable HPV-E6 transfectants were obtained following selection with 

1.0 µg/ml of puromycin. Stable suppression of p53 or CD44 expression by HPV-E6 or 

shCD44 were confirmed by Western blot analysis. 

 

3. MiR-34 family target screening and prediction 

 The miR-34 family and other miRNA sequences of various species were obtained from 

miRBase. (http://www.mirbase.org/index.shtml). The miBridge algorithm was used to 

narrow down potential targets for miR-34a, miR-34b*, and miR-34c-5p 

(http://sitemaker.umich.edu/mibridge/home). We set the energy threshold at -13 kcal/mol 

using RNAhybrid (http://bibiserv.techfak.uni-bielefeld.de/rnahybrid/) based on previous 

study. The identified 3′ UTR interaction sites were compared with TargetScan and Pictar 

targets and checked for conservation using the UCSC Genome Browser 

(http://genome.ucsc.edu/).  

 

4. CD44 reporter constructs 

The luciferase coding sequences were PCR-amplified and inserted between HindIII and 

BamHI sites of pcDNA3.1-Hyg(+), a mammalian expression vector (Invitrogen), to 

generate luciferase expression constructs. UTRs of CD44 were amplified from genomic 
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DNA of MCF-7 cells and subcloned into the BamHI and NotI sites downstream of 

luciferase to generate the respective UTR reporter constructs.  

 

5. UTR Reporter assays 

 For the miR-34a induction experiments, CD44 reporter construct (5 ng) was co-

transfected with 40 pmol of negative control RNA oligo (Ambion, AM17110) or miR-34a 

precursor RNA oligo (Ambion, product ID PM11030) using Lipofectamine 2000 

(Invitrogen) for 48 hours. In experiments inhibiting endogenous hsa-miR-34a, 5 ng of 

each construct was co-transfected with 40 pmol of anti-miR-34a inhibitor (Ambion, 

product ID AM11030) or anti-miR negative control (Ambion, product ID AM17010). 

Fold change by miR-34a or miR-34a inhibitor was measured by a dual-luciferase assay 

kit (Promega), and the firefly luciferase activity normalized relative to a simultaneously 

transfected 1 ng of SV40-driven Renilla luciferase expression plasmid. Experiments were 

performed in triplicates. 

 

6. Immunoblot analysis 

Whole cell extracts prepared using a nondenaturing buffer (10 mM HEPES at pH 7.5, 

150 mM NaC1, 2 mM EDTA, 2mM EGTA, 1 % NP-40, 4 mM PMSF). These were 

resolved by 10% SDS–PAGE, transferred to nitrocellulose membranes and incubated 

with CD44 (#3570, Cell Signaling), p53 (DO-1, Santa Cruz), and tubulin (Labfrontier, 

Korea) as indicated in the text. Bound antibodies were visualized with horseradish 

peroxidase-conjugated secondary antibodies and the ECL system (Intron, Korea). 
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7. Migration assay 

 MDA-MB-231 cells were trypsinized and 1 x 10
5
 cells seeded into Transwell inserts 

(3.0µm pore, BD bio sciences), and the number of cells migrating to the basal side of the 

membrane insert determined after 18 hours. Migrated cells in the lower side of the 

membrane were washed with PBS and fixed with 70% ethanol. The cells on the apical 

side of each insert were then scraped off with cotton. The number of cells that had 

migrated to the basal side of the membrane and bottom of culture plates were visualized 

by 0.25% crystal violet stain. The average number of migrated cells in ten randomly 

chosen fields of view per insert was taken to quantify the extent of migration. 

 

8. Chorioallantoic membrane (CAM) invasion assay and metastatic 

CAM invasion assay 

 For the CAM invasion assay, cancer cell invasion into the live chorioallantoic membrane 

of 11-day-old chick embryos was performed as described previously
31
. Invasion was 

quantified after a 3 day culture period in cross-sections of the fixed chorioallantoic 

membrane by fluorescent microscopy (DM-LB; Leica) with either a 10× or 20× objective 

and 0.50 numerical aperture (Leica). Phase contrast and CAM images were acquired and 

analyzed with a SPOT camera and software (Diagnostic Instruments, Inc.)
31
.  

For the metastatic CAM invasion assay, cancer cells were injected into the circulation of 

the live CAM, and then metastatic invasion was quantified after a 3 day culture period. 

The following procedures were same with CAM invasion assay. 

 

  



 

III.RESULTS 

1. The miRNA-34 family has target sites on 3’ UTR and 5’ UTR of 

CD44 simultaneously

To determine whether miR

investigated the range of putative miR

miBridge target class. Potential matching target sites of the miR

identified in the 5’UTR and 3’UTR of CD44. Predicted matching sites of miR

and -34c-5p are denoted as miR

the 5’ CD44 UTR identified 7 potential targeting sites and 3’ CD44 UTR identified 26 

potential targeting sites for the miR

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Schematic diagram of miR
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34 family has target sites on 3’ UTR and 5’ UTR of 

CD44 simultaneously 

To determine whether miR-34 constitutes a new regulatory arm of the CD44, we next 

investigated the range of putative miR-34 targets and interaction sites in terms of the 

target class. Potential matching target sites of the miR-34 family were 

ified in the 5’UTR and 3’UTR of CD44. Predicted matching sites of miR

5p are denoted as miR-matched sites (MMS; arrow). Bioinformatic analysis of 

the 5’ CD44 UTR identified 7 potential targeting sites and 3’ CD44 UTR identified 26 

ntial targeting sites for the miR-34 family (Fig. 1). 

 

 

1. Schematic diagram of miR-34 family’s potential target on CD44 UTR

 

 

34 family has target sites on 3’ UTR and 5’ UTR of 

34 constitutes a new regulatory arm of the CD44, we next 

34 targets and interaction sites in terms of the 

34 family were 

ified in the 5’UTR and 3’UTR of CD44. Predicted matching sites of miR-34a, -34b*, 

matched sites (MMS; arrow). Bioinformatic analysis of 

the 5’ CD44 UTR identified 7 potential targeting sites and 3’ CD44 UTR identified 26 

s potential target on CD44 UTR 



 

2. CD44 is highly expressed in A549 cells and MDA

In order to confirm the differential expression of CD44 depending on cancer cell, the 

endogenous CD44 levels were analyzed in various cancer cell lines. 

level was determined by immunoblot analysis and tubulin is used as the loading control.

The protein levels of CD44 were significantly up

cells and were the highest in MDA

detected in MCF7, 293, HCT116 and SW480 cells

p53/miR-34 axis to the control of CD44, we used the A549 and MDA

 

 

 

 

 

 
Fig. 2. The level of CD44 expression in various cell lines

 

3. Loss of p53 function potentiates CD44 UTR activity and protein 

expression  

To determine assess whether there is correlation between p53 and CD44 expressions, 

HPV-E6 and shp53 were used to knockdown p53 in A549. 

levels were determined by immunoblot analysis in A549 cells. Tubulin is used as the 

loading control. The Knockdown of p53 significantly increased the CD44 expression 

compared to control (Fig. 3

the 5’ UTR and 3’ UTR of CD44 were cloned downstream of a luciferase

construct and its expression monitored in the absence or presence of p53. Consistent with 

the possible induction of a CD44 coincident with the loss of p53 expression, the CD44 
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CD44 is highly expressed in A549 cells and MDA-MB 231 cells

In order to confirm the differential expression of CD44 depending on cancer cell, the 

endogenous CD44 levels were analyzed in various cancer cell lines. Endogenous CD44 

level was determined by immunoblot analysis and tubulin is used as the loading control.

The protein levels of CD44 were significantly up-regulated in A549 and MDA

cells and were the highest in MDA-MB-231 cells. However, the CD44 protein was not 

detected in MCF7, 293, HCT116 and SW480 cells (Fig. 2). For the contribution of 

axis to the control of CD44, we used the A549 and MDA-MB-

2. The level of CD44 expression in various cell lines 

3. Loss of p53 function potentiates CD44 UTR activity and protein 

To determine assess whether there is correlation between p53 and CD44 expressions, 

E6 and shp53 were used to knockdown p53 in A549. Endogenous CD44 and p53 

levels were determined by immunoblot analysis in A549 cells. Tubulin is used as the 

The Knockdown of p53 significantly increased the CD44 expression 

Fig. 3A). In order to assess whether p53/miR-34a axis control CD44, 

the 5’ UTR and 3’ UTR of CD44 were cloned downstream of a luciferase

construct and its expression monitored in the absence or presence of p53. Consistent with 

the possible induction of a CD44 coincident with the loss of p53 expression, the CD44 

MB 231 cells 

In order to confirm the differential expression of CD44 depending on cancer cell, the 

Endogenous CD44 

level was determined by immunoblot analysis and tubulin is used as the loading control. 

regulated in A549 and MDA-MB-231 

231 cells. However, the CD44 protein was not 

. For the contribution of 

-231 cell lines. 

3. Loss of p53 function potentiates CD44 UTR activity and protein 

To determine assess whether there is correlation between p53 and CD44 expressions, 

Endogenous CD44 and p53 

levels were determined by immunoblot analysis in A549 cells. Tubulin is used as the 

The Knockdown of p53 significantly increased the CD44 expression 

34a axis control CD44, 

the 5’ UTR and 3’ UTR of CD44 were cloned downstream of a luciferase reporter 

construct and its expression monitored in the absence or presence of p53. Consistent with 

the possible induction of a CD44 coincident with the loss of p53 expression, the CD44 
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promoter renilla luciferase construct (

wt p53 by the oncogenic HPV

increased CD44 expression in A549 cells

    

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  
Fig. 3. Loss of p53 function potentiates CD44 UTR 

Endogenous CD44 and p53 levels were determined by immunoblot analysis in A549 cells 

transfected with control or shRNA mediated knock

used as the loading control. (B) A549 cel

control or p53 shRNA expression vectors. After 48h, luciferase activity were normalized Renilla. 

Transfection of A549 cell with p53

CD44. (C) Endogenous CD44 and p53 levels were determined by immunoblot analysis in A549 

cells transfected with control versus HPV

A 

C 
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luciferase activity was drastically upregulated by p53 knockdown in A5

luciferase activities of CD44 were 1.5 to 3-fold higher 5’+3’ UTR than MOCK. Activity 

of the CD44 UTR constructs were normalized to the activity of a cotransfected SV

promoter renilla luciferase construct (Fig. 3B). In turn, p53 inactivation as degradation of 

wt p53 by the oncogenic HPV-E6 protein or shRNA-mdeiated knockdown of p53 was 

increased CD44 expression in A549 cells (Fig. 3, C and D). 

 

Loss of p53 function potentiates CD44 UTR activity and protein expression

Endogenous CD44 and p53 levels were determined by immunoblot analysis in A549 cells 

transfected with control or shRNA mediated knock-down of p53 (dsRed-shp53) vector. Tubulin is 

used as the loading control. (B) A549 cells were co-transtected with CD44 UTR and negative 

control or p53 shRNA expression vectors. After 48h, luciferase activity were normalized Renilla. 

Transfection of A549 cell with p53-specific shRNA increases 3' or 5’ UTR reporter activity of 

CD44. (C) Endogenous CD44 and p53 levels were determined by immunoblot analysis in A549 

cells transfected with control versus HPV-E6 expression vectors. Tubulin is used as the loading 

B 

D 

luciferase activity was drastically upregulated by p53 knockdown in A549 cells. The 

fold higher 5’+3’ UTR than MOCK. Activity 

of the CD44 UTR constructs were normalized to the activity of a cotransfected SV-40 

on as degradation of 

mdeiated knockdown of p53 was 

activity and protein expression. (A) 

Endogenous CD44 and p53 levels were determined by immunoblot analysis in A549 cells 

shp53) vector. Tubulin is 

transtected with CD44 UTR and negative 

control or p53 shRNA expression vectors. After 48h, luciferase activity were normalized Renilla. 

UTR reporter activity of 

CD44. (C) Endogenous CD44 and p53 levels were determined by immunoblot analysis in A549 

E6 expression vectors. Tubulin is used as the loading 



 

control. (D) A549 cells were cotransfected with

expression vectors. After 48h, luciferase activity were normalized Renilla. Transfection of A549 

cell with HPV-dependent p53 degradation increases 3' or 5’

 

4. CD44 is a direct target

Though p53 does not directly regulate CD44 expression, bioinformatic

CD44 UTR identified potential targeting sites for p53

whether miR-34a is able to directly inhibit CD44 expression, anti

transfected in A549 cells. The protein levels of CD44 sas determined by west

analysis in control or anti

the loading control. The decrease of miR

protein (Fig. 4A). Reporter expression is also increased when miR

suppressed. Consistent with the decrease of p53 expression, the suppression of miR

expression was increased the CD44 5’+3’ UTR luciferase activity at 2 fold higher than 

MOCK in A549 cells. Activity of the CD44 UTR constructs were normalize

activity of a cotransfected SV

 

 

 

 

 
 

 

 

Fig. 4. CD44 is a direct target of miR

control (-) or anti-miR-34 (+) in A549 cells. (B) Inhibition of miR

UTR reporters in A549 cells. Transduction of anti

activities relative to that of the negative control. 

A 
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control. (D) A549 cells were cotransfected with CD44 UTR and negative control or HPV

expression vectors. After 48h, luciferase activity were normalized Renilla. Transfection of A549 

dependent p53 degradation increases 3' or 5’ UTR reporter activity of CD44. 

. CD44 is a direct target of miR-34  

 
Though p53 does not directly regulate CD44 expression, bioinformatic analysis of the 

CD44 UTR identified potential targeting sites for p53-mediated miR-34a. To determine 

34a is able to directly inhibit CD44 expression, anti-

transfected in A549 cells. The protein levels of CD44 sas determined by west

analysis in control or anti-miR-34a transfected A549 cells. Tubulin levels were used as 

the loading control. The decrease of miR-34a expression enhanced endogenous CD44 

A). Reporter expression is also increased when miR-34a levels a

Consistent with the decrease of p53 expression, the suppression of miR

expression was increased the CD44 5’+3’ UTR luciferase activity at 2 fold higher than 

MOCK in A549 cells. Activity of the CD44 UTR constructs were normalize

activity of a cotransfected SV-40 promoter renilla luciferase construct (Fig. 4

 

CD44 is a direct target of miR-34. (A) Immunoblot analyses of CD44 after transduction of 

34 (+) in A549 cells. (B) Inhibition of miR-34a increased activity of CD44 

UTR reporters in A549 cells. Transduction of anti-miR-34a (+) with each UTR increased UTR 

of the negative control.  

B 

CD44 UTR and negative control or HPV-E6 

expression vectors. After 48h, luciferase activity were normalized Renilla. Transfection of A549 

UTR reporter activity of CD44.  

analysis of the 

34a. To determine 

-miR-34a was 

transfected in A549 cells. The protein levels of CD44 sas determined by western blot 

34a transfected A549 cells. Tubulin levels were used as 

34a expression enhanced endogenous CD44 

34a levels are 

Consistent with the decrease of p53 expression, the suppression of miR-34a 

expression was increased the CD44 5’+3’ UTR luciferase activity at 2 fold higher than 

MOCK in A549 cells. Activity of the CD44 UTR constructs were normalized to the 

Fig. 4B).  

analyses of CD44 after transduction of 

34a increased activity of CD44 

34a (+) with each UTR increased UTR 



 

5. MiR-34 mediates p53

To determine the ability of the p53

cells, miR-34a is ectopically introduced into shRNA

the presence of shp53, CD44 protein level

were upregulated.  

 

 

 

 

 
 

 

 

Fig. 5. MiR-34-mediated p53

and UTR activities of CD44 after transduction of miR

shp53 expression vector was co

precursor in A549 cells, and the cell lysates were analyzed 

mAb after a 2-day culture period. (B) Inhibition of UTR reporter activity of 3' or 5’

activity of CD44. Reporter constructs in CD44 UTRs were cloned downstream of firefly luciferase 

were transfected into A549 t

family expression vectors. Activity of the UTR reporter constructs was normalized to the activity 

of co-transfected SV40–Renilla constructs after a 48
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34 mediates p53-dependent inhibition of CD44 expression

To determine the ability of the p53-miR-34a axis to modulate CD44 expression in A549 

34a is ectopically introduced into shRNA-mediated p53 knockdown cells.

the presence of shp53, CD44 protein level (Fig. 5A) and UTR reporter activity

 

p53-dependent inhibition of CD44 expression. (A) Immunoblot

and UTR activities of CD44 after transduction of miR-34 in p53 knockdown A549 cells. dsRed

shp53 expression vector was co-transfected with 20 nM of negative control or synthetic miR

precursor in A549 cells, and the cell lysates were analyzed by immunoblotting with anti

day culture period. (B) Inhibition of UTR reporter activity of 3' or 5’

activity of CD44. Reporter constructs in CD44 UTRs were cloned downstream of firefly luciferase 

were transfected into A549 tranduced with dsRed-shp53 cells with control (mock) or miR

family expression vectors. Activity of the UTR reporter constructs was normalized to the activity 

Renilla constructs after a 48-hour culture period.  
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Fig. 6. CD44-mediated cancer cell migration. 

transfected with a control vector (mock) alone or cells transfected with CD44 expression vector 

were determined after a 2-d culture period. CD44 expressing 231 cells increased cell migration 

after a 4-d culture period. Results are expressed as the mean ± 1 SD ( n = 5; *, P ≤ 0.01). 
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cancer cell migration by miR-34a and CD44

To assess whether there is correlation between miR-34a and CD44 expression, the CD44 

protein were decreased by shRNA-mediated knockdown of CD44 in MDA

which express mutant p53 (Fig. 7A). miR-34a overexpression was also suppressed CD44 

protein and UTR activity in MDA-MB-231 cells (Fig. 7, B and C). The effect of CD44 

knockdown on cell migration was also studied in MDA-MB-231 cells. After transfection 

34a expression vector, invasion by MDA-MB-231 cells is inhibited by >50% 

as CD44 protein levels fall. The migration potential of CD44 knockdown cells is 

similarly blocked when miR-34a is overexpressed (Fig. 7D).  
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Fig. 7. Regulation of cancer cell migration 

migratory activity of 231 cells relative to cells transfected with a control vector (Mock) alone or 

cells transfected with shCD44 expression vector were determined after a 2

Inhibition of endogenous CD44 in wild type 231 cells tranduced with shCD44 decreased cell 

migration after a 4-day culture period. Results are expressed as the mean ± 1 SD ( n = 5; *, P ≤ 

0.01). 
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Regulation of cancer cell migration by miR-34a and CD44 in MDA-MB

migratory activity of 231 cells relative to cells transfected with a control vector (Mock) alone or 

cells transfected with shCD44 expression vector were determined after a 2-day culture period. 

ogenous CD44 in wild type 231 cells tranduced with shCD44 decreased cell 

day culture period. Results are expressed as the mean ± 1 SD ( n = 5; *, P ≤ 

34 blocks CD44-mediated metastatic CAM invasion

We also determined tissue-invasive phenotype of CD44 by a human-chick xenograft 

model. Recently, a human-chick xenograft model has been developed where cancer cells 

can be cultured atop the chorioallantoic basement membrane of live animals to quantify 

nder these conditions, fluorescently labeled MDA
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traverse basement membrane barriers (indicated by the broken lines in A) and infiltrate 

the underlying stromal tissues as assessed in H&E-stained tissue sections as well as by 

As predicted, the invasive activity of p53-mutant MDA

cells was blocked and CAM basement membrane was preserved when miR

abundance was increased (Fig. 8A). CD44-knockdown MDA-MB-231 cells showed the 

Fig. 8B). Together these data support that miR-34 blocks CD44

mediated metastatic CAM invasion of cancer cells.  
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Fig. 8. MiR-34 blocks CD44-mediated metastatic CAM invasion of cancer cells. (A) Negative 

control or miR-34a-transfected MDA-MB-231 cells were cultured atop the 11-day-old chick 

embryo  CAM (upper CAM surface demarcated by red arrows), and then the invasive activity of 

cancer cells (labeled with green fluorescent beads) was monitored by fluorescence microscopy. 

Yellow arrowheads indicate invading cancer cells. (B) Negative control or shCD44-transfected 

MDA-MB-231 cells were injected into the circulation of chick embryos, and then metastatic 

invasive activity of cancer cells (labeled with dsRed fluorescent nanobeads) was monitored by 

fluorescence microscopy. Lectin labeled with green fluorescent beads was used to stain blood 

vessels in mesenchymal CAM tissues. 
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IV. DISCUSSION 

Many miRNAs are evolutionarily conserved from worms to humans. It means that these 

miRNAs direct essential processes both during development and in the adult body. The 

current challenge is to accurately identify targets that are regulated by miRNAs. Because 

miRNAs usually bind to their targets with incomplete complementarity. MiRNA 

recognizes specific targets through imperfect base-pairing and induces post-

transcriptional gene silencing. Several mechanisms have been proposed for this mode of 

regulation: miRNAs can induce the repression of translation initiation, mark target 

mRNAs for degradation by deadenylation, or sequester targets into the cytoplasmic P-

body
32
. It allows short stretches of mismatched base-pairs and G-U wobble base pairing. 

So the identification of gene targets with a simple BLAST search is impossible. Most 

bioinformatic algorithms use a ‘miRNA seed’ that encompasses the first 2~8 bases of the 

mature miRNA sequence to search for complementarity to sequences in the 3′ UTR of all 

expressed genes.  

In this study we showed that the 3′ UTR and 5' UTR of CD44 gene contains multiple 

complementary sites for the miRNA-34 families. We showed that endogenous miRNAs 

targets the 3' and 5' UTRs of CD44 simultaneously, so that not only 3'UTR sites but also 

5' UTR sites can contribute to miRNA function. Previous miRNA functional experiments 

using 3' UTR alone usually achieved ~40% ~ 60% protein reduction
33
. We showed more 

protein reduction with 5' UTR inclusion where interaction sites exist. The presence of 

both UTRs has a synergetic effect on miRNA function. Endogenous miRNA effects on 

both UTRs. In order to fully understand the miRNA-mediated regulation of a certain gene, 

therefore, we advise the use of both 5' and 3' UTR of the gene in miRNA functional 

experiments.  
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MiRNAs can affect both the translation and stability of target mRNAs
34-36

. The 

mechanistic details of the function of miRNAs in repressing protein synthesis are still 

poorly understood. They negatively regulate their targets in one of two ways depending 

on the degree of complementarity between the miRNA and the target. In plants, miRNAs 

generally base pair to mRNAs with nearly perfect complementarity and trigger 

endonucleolytic mRNA cleavage by an RNAi-like mechanism
37
. MiRNAs that bind with 

perfect or nearly perfect complementarity to protein coding mRNA sequences induce the 

RNA-mediated interference (RNAi) pathway
38
. However, most animal miRNAs are 

thought to use a second mechanism of gene regulation that does not involve the cleavage 

of their mRNA targets. These miRNAs exert their regulatory effects by binding to 

imperfect complementary sites within the 3′ UTRs of their mRNA targets
39
. Some article 

reported that these animal miRNAs don’t affect the mRNA levels of their target genes, 

but reduce the protein levels of their these genes
33,40

. Our results revealed that the 

abundance of CD44 transcipts and proteins was also decreased by miR-34a, which 

corresponds with recent findings 
41,42

. 

MiRNA target sites are known to lie in 3' UTR in animals. The first discovered miRNA, 

lin-4 in Caenorhabditis elegans, was found to regulate developmental timing by targeting 

multiple sites in 3' UTR of lin-14
43
. Following the discovery of miRNAs in other animals, 

an early computational study identified some of the 5'-ends of miRNAs as 

complementary to 3' UTR sequences
34
. Translation repression has been reported to occur 

when a 3' UTR target site for endogenous let-7a in HeLa cells is moved to the 5' UTR
44
. 

Several studies have indicated that the 5′ end of the miRNA is crucial for the stability and 

proper loading of the miRNA into the miRISC complex
45,46

, and this end is also important 

for biological function
47,48

. There exist many endogenous target sites in 5' UTR for 
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endogenous miRNAs, so that these 5' UTR sites can contribute to miRNA function. The 

present findings that miR-34 contain significant interaction sites with mRNA 5' UTR and 

3' UTR motifs of CD44 through their 3' end and 5' end sequences respectively support the 

previous report about the combinatory interactions between a single miRNA and both end 

regions of an mRNA 
49
.   

The CD44 proteins are all encoded by a single highly conserved gene
50
. But CD44 has a 

large family of proteins with a considerable structural and functional diversity by 

alternative splicing. CSCs constitute a minor population of cells within a tumor, but are 

frequently essential for tumor maintenance and progression. Cellular plasticity in stem 

cells may facilitate the epithelial-to-mesenchymal transition (EMT), which has been 

postulated as a key event during the early phase of cancer metastasis. As recent studies 

have described that EMT generates cells with CD44
+
 stem-cell like characteristics

51
, a 

reversion of the process seems to occur in distant metastasis. This is mainly due to the 

bidirectional signalling between CD44 and its surroundings. The crosstalk of CD44 with 

transmembrane and cytoplasmic molecules plays a role as a potent amplifier of a variety 

of signals
52
.  

The major functions ascribed to CD44, matrix adhesion, migration, growth promotion, 

and cell survival are no separate processes, but are interconnected and rely on concerted 

activities between CD44 and its extracellular, transmembrane and cytoplasmic 

neighboring molecules. Apoptosis resistance supports the efficacy of metastasis formation 

and matrix formation is crucial for the settlement and growth at a secondary site. CSCs 

are supposed to act as initiators of metastatic spread
53,54

. CD44 is reported to involve in 

several aspects of adhesion and motility and to promote tumor cell proliferation. CD44 

ligation supports anchorage-independent growth and apoptosis resistance.  CD44-
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mediated production of an adhesive matrix is indispensable for a cancer cell’s cross-talk 

with its micro-environment and CD44-induced activation of antiapoptotic signaling also 

considered to contribute to the efficacy of metastatic settlement
55
. 

MiR-34a, lost in several tumor types and involved in the network mediated by the well-

known “genome guardian” p53. Deletions of miR-34 family miRNAs have been reported 

in human cancers. It was reported that p53 repress CD44, a CSCs marker
56
. In this study 

we showed that the reporter activity of CD44 was increased in 3’ UTR and 5’ UTR when 

p53 is lost or degraded. Our results revealed that miR-34a play an important role as one 

of negative regulator of CD44 and CD44 is direct target of miR-34a. It is noteworthy that 

p53 repress CD44 by transactivating miR-34a. Considering the widespread expression of 

CD44 in CSCs and the functional involvement of CD44 in mediating CSC migration and 

homing in metastasis of many cancers, the suppression of CD44 by miR-34a reveals a 

previously unknown signaling pathway that regulates CSCs.  

The emerging role as ‘node’ of miR-34 linking tumor suppressor p53 with oncogenic 

signaling events, such as linked to Wnt components, Snail1, and CD44, help our 

understanding for the acquisition of invasiveness with cancer progression by upset p53-

dependent tumor suppression program. 
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V. CONCLUSION 

1. The miRNA-34 family has target sites on 3’ UTR and 5’ UTR of CD44 simultaneously.  

2. CD44 is highly expressed in A549 cells and MDA-MB 231 cells. 

3. Loss of p53 function potentiates CD44 UTR activity and protein expression.   

4. MiRNA-34 mediates p53-dependent inhibition of CD44 expression. 

5. MiRNA-34 inhibits CD44-mediated cancer cell migration and invasion. 

 

The results of the study clarified that the functional regulation of CD44, the marker of 

CSC, and metastatic program was mediated by p53/miR-34 axis, which suggest the 

therapeutic strategy in CSC.  
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ABSTRACT (IN KOREAN) 
 

p53/miRNA-34 Axis에 의한  

CD44 발현과 암 전이 조절 
 

 

<지도교수 육 종 인> 

연세대학교 대학원 치의학과 

이 정 선 

 

CD44는 세포의 이동이나 부착에 관여하는 표면 단백질로써 암세포의 성장과 

침윤에 관여할 뿐만 아니라, 최근에는 암줄기 세포 특성의 유지에도 중요한 

역할을 하는 것으로 알려져 있다. p53은 대표적 암억제유전자로 DNA 손상, 

hypoxia 등 세포 손상에 의해 활성화되어 암 발생을 억제한다.  

microRNA(miRNA)는 20-25개의 뉴클레오타이드로 구성된 non-coding RNA로 분

화와 발생 등 다양한 생물학적 과정에서 필수적이며, 다양한 암 유발 및 억제 

역할에 관여하는 것으로 밝혀지고 있다. 최근 miR-34가 p53에 의해 직접적으

로 전사가 조절되어 암 전이를 억제한다고 알려져 있으나 아직까지 암줄기세

포와의 상관관계에 대한 연구는 부족하다. 따라서, 본 연구에서는 miR-34에 

의해 직접 target 되는 CD44 UTR 부위를 생물정보학적으로(bioinformatically) 

예측하고 이의 조절을 확인하여, p53-miR 34 tumor suppressor network에 의

한 CD44 조절을 관찰하고 나아가 암세포의 이동과 침윤 과정에서 CD44의 역할

을 확인하고자 하였다. 

Bioinformatics를 이용하여 miR-34에 의한 CD44의 표적 부위를 검색하고 다

양한 세포주에서 CD44 발현양을 관찰하여 CD44의 5'UTR(untranslated region)

과 3' UTR이 포함된 reporter construct를 제작하였다. p53에 의한 CD44 발현 

조절을 확인하기 위하여 CD44 발현 세포 중 p53 wild type인 A549 세포주에 

HPV-E6 및 shp53 발현벡터를 통해 p53 발현 감소에 따른 CD44 단백질 발현 및 

UTR reporter activity를 관찰하였다. miR-34a precursor와 inhibitor를 각각 

transfection하여 CD44 단백질 발현 및 UTR reporter activity를 관찰하였다. 
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암세포의 침윤/이동 과정에서 miR-34a 조절에 의한 CD44의 역할을 알아보기 

위하여 p53 mutant type인 MDA-MB-231 세포주에 CD44를 과발현시켜 transwell 

assay를 통해 CD44에 의한 암세포의 침윤을 관찰하였다. shCD44와 miR-34a 

oligo를 통해 CD44 발현을 감소시켜 CD44 UTR reporter assay 및 CD44 발현 

조절을 확인하였으며, transwell assay 및 in vivo CAM (chorioallantoic 

membrane) assay를 시행하였다.  

결과는 다음과 같다. 

  1. CD44의 3'UTR 및 5'UTR 모두에 miR-34 family의 표적부위가 존재하였다. 

  2. A549와 MDA-MB-231 세포주에서 CD44가 고발현 되었다. 

  3. p53의 기능이 상실된 세포에서 CD44의 단백질 발현과 UTR activity가 증

가되었다. 

  4. miR-34a를 과발현 시켰을 경우, 세포 내 CD44의 단백질 발현 및 UTR 

activity가 감소한 반면, miR-34a의 발현을 억제시켰을 경우, CD44의 단백

질 발현 및 UTR activity가 증가하였다. 

  5. shRNA를 이용하여 CD44 발현을 감소시킨 세포에서는 miR-34 발현을 증가

시킨 세포처럼 암 세포의 이동 및 침윤이 감소되었다. 

 이상의 결과에서 p53/miR-34 axis에 의해 암세포의 전이와 줄기세포 특성을 

부여하는 것으로 알려진 CD44의 발현이 조절된다는 것을 확인하였으며, 이러

한 결과는 암줄기세포를 표적으로 하는 치료 지침에 활용될 수 있을 것으로 

기대된다. 
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