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Abstract

DNAJB6 is a constitutively expressed member of the HSP40 family. It has been described as a 

negative regulator of breast tumor progression and a regulator of epithelial phenotype. Expression 

of DNAJB6 is reported to be compromised with tumor progression. However, factors responsible 

for its down-regulation are still undefined. We used a knowledge-based screen for identifying 

miRNAs capable of targeting DNAJB6. In this work, we present our findings that hsa-miR-632 

(miR-632) targets the coding region of DNAJB6. Invasive and metastatic breast cancer cells 

express high levels of miR-632 compared to mammary epithelial cells. Analysis of RNA from 

breast tumor specimens reveals inverse expression patterns of DNAJB6 transcript and miR-632. In 

response to exogenous miR-632 expression, DNAJB6 protein levels are down regulated and the 

resultant cell population shows significantly increased invasive ability. Silencing endogenous 

miR-632 abrogates invasive ability of breast cancer cells and promotes epithelial like 

characteristics noted by E-cadherin expression with concomitant decrease in mesenchymal 

markers such as Zeb2 and Slug. Thus, miR-632 is a potentially important epigenetic regulator of 

DNAJB6 which contributes to the down regulation of DNAJB6 and plays a supportive role in 

malignant progression.
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Introduction

Breast cancer is the leading cancer type for the estimated new cancer cases and second only 

to lung cancer in the estimated deaths for 2010 in women in the United States (1). Years of 

extensive research has implicated several intrinsic and extrinsic etiologic factors for the 

initiation and progression of breast cancer. Micro-RNAs are 21–23 nucleotide regulatory 

RNAs that can target mRNA and cause either transcription or translation repression (2, 3). 

In the recent years micro-RNAs have been emerging as critical epigenetic regulators which 

modulate almost all stages of breast cancer progression such as proliferation, angiogenesis, 

invasion, migration, chemoresistance and stem cell renewal (4–9).
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The focus of our study is DNAJB6 (Mammalian Relative of DNAJ, Mrj), a constitutively 

expressed member of HSP 40 family (10). DNAJB6 gene codes for 2 spliced variants. The 

longer spliced variant is referred to as DNAJB6 a [Mrj(L)] and the shorter is DNAJB6 b 

[Mrj(S)] (11). Studies on murine DNAJB6 have revealed that it plays a critical role in 

embryonic development, specifically during chorioallantoic fusion (12). This gene product 

has also been implicated as a player in regulation of cell-cycle and mitosis (13). Mutations 

of DNAJB6 are implicated as a potential cause of limb-girdle muscular dystrophy (14, 15). 

We have previously reported that DNAJB6 protein expression is significantly compromised 

in advanced breast cancers (11). Re-expression of DNAJB6a abrogated tumor growth and 

metastasis in mammary-xenograft studies (11). DNAJB6b has been demonstrated to interact 

with uPAR to increase uPAR mediated cell adhesion to vitronectin (16). Other diseases such 

as neuro-degenerative disorders involving polyglutamine aggregate may also display a 

negative outcome if expression or function of DNAJB6 is compromised (17–19). However, 

factors that regulate the expression of this critical protein are yet to be understood. Hence we 

undertook an investigation to find out if micro-RNAs may play a role in downregulating 

DNAJB6 expression. In this study we describe that microRNA, hsa-miR-632 (referred here 

after as miR-632), downregulates DNAJB6 expression and evaluate its clinical significance.

Materials and Methods

Cell culture and reagents

MCF10A, MCF10AT, MCF10CA1d.cl.1 (obtained from Barbara Ann Karamanos Cancer 

Center, Detroit, MI, USA) were grown in DMEM/F12 (Invitrgen, Carslbad, USA) 

supplemented with 5% heat inactivated horse serum, 100ng/ml cholera toxin (Calbiochem, 

San Diego, CA), 10ug/ml insulin (Sigma, St. Louis, MO), 25ng/ml EGF (Sigma) and 500 

ng/ml hydrocortisone (Sigma). SUM159 cells (purchased from Asterand plc, Detroit, MI, 

USA) were cultured in Ham's F-12 with 5% fetal bovine serum supplemented with insulin (5 

mg/ml) and hydrocortisone (1 mg/ml). MDA-MB-231was grown as described previously 

(11). All cells were maintained in a humidified 5% CO2 environment at 37° C.

DNAJB6 rabbit polyclonal (MO1) antibody (Abnova Corp., Taipei City, Taiwan) was used 

(1:5000) with 5% milk in PBS containing 0.2% Tween 20). Horseradish peroxidase-β-actin 

(Sigma-Aldrich, St. Louis, MO) was used at (1:50,000). x-miR:has-mir-632 (cat # X-

miR-8710R) and control mir were obtained from oligoengine™ (oligoengine, Seattle, WA).

Plasmid Constructs

Oligos designed to encompass hsa-miR-632 target site in the ORF of DNAJB6 mRNA 

5'agcttttctttgggaatcgaaggggtccccgaggaagcagaagccgagggacggggtcgttttta---3'and 3'- 

tgatctaaaaacgaccccgtccctcggcttctgcttcctcggggaccccttcgattcccaaagaa---5' were annealed and 

cloned into HindIII and SpeI sites of pMIR-Report vector (Ambion, Austin, TX) to generate 

pMIR-Report-DNAJB6. The hsa-miR-632 expression construct was generated in pIRES2-

EGFP (Clontech, Madison. WI) by annealing commercially synthesized oligos 

corresponding to the mature miRNA hsa-miR-632 

5'ctcgagacggctaccaccacgtcccacaggaagcagacacaaaatggccgacggcctcgttccccgctccgcctcccgtcaag

cactgcggtaggaggcg- 3' and 
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5'tgccgatggtggtgcagggtgtccttcgtctgtgttttaccggctgccggagcaaggggcgaggcggagggcagttcgtgacgc

catcctccgcgaattc- 3' and then cloning them into XhoI and EcoRI sites of pIRES2-EGFP.

Transfection

Cells were transfected with miRNA inhibitor scrambled control clone pEZX-AM01 (CmiR-

AN0001-AM01, GeneCopoeia Inc, Rockville, MD, USA ) or miRNA inhibitor against hsa-

miR-632-pEZX-AM01 (HmiR-AN0742-AM01) using lipofectamine 2000. MCF10AT cells 

were tansfected with pIRES2EGFP - vector or hsa-miR- 632-pIRES2EGFP using Fugene 6 

(Roche, In, USA).

Transfection with anti-miR-632—To inhibit endogenous miRNA, 50 or 100nM x-

miR-632 or control mir (oligoengine™) was transfected into cells using Lipofectamine 

2000. Cells were assayed for knockdown 48 hrs post transfection.

Western Blots

Cells were transfected with miR-632-pIRES2EGFP or pIRES2EGFP vector alone using 

Lipofectamine 2000 according to manufacturer's intructions (Invitrogen). Cells were 

harvested 42 hrs post transfection in NP-40 lysis buffer. The lysates (20ug) were resolved on 

SDS-PAGE and transferred onto PVDF membranes. The immunoblot was developed using 

relevant primary and secondary antibodies as per the respective manufacturer's instructions.

Luciferase Reporter Assay

Cells were transfected with 50 ng pMIR-Report or pMIR-Report-DNAJB6 in combination 

with either 100 ng pIRES2EGFP vector alone or pIRES2EGFP-miR-632 construct and 25ng 

of β-gal plasmid using with Lipofectamine 2000 (Invitrogen) as stated in manufacturer's 

protocol. The assay was terminated 36 hrs. post-transfection. Luciferase activity was 

measured using Turner 20/20 luminometer (Turner Biosystems , Sunnyvale, CA). β-

galactosidase activity was quantitated using Synergy 4 ™ plate reader (BioTek, Winooski, 

VT, USA)was used as normalization control.

Quantitative-RT-PCR

To measure mRNA levels in cell lines or tissues, RNA isolated from cell lines or tissue 

samples were subjected to qRT-PCR. 1ug of total RNA was used to synthesize cDNA (High 

Capacity Reverse Transcription Kit, Applied Biosystems, Foster City, CA). PCR was 

performed using 40ng of cDNA with respective Taqman primer probe using BioRad iQ5 

Real Time Detection system (BioRad, Hercules, CA). The gene expression Ct values of 

mRNAs from each sample were calculated by normalizing with endorse control, 

glyceraldehyde-3-phosphate dehydrogenase and relative quantitation values were plotted 

using GraphPad Prism (La Jolla, CA).

miRNA levels were also analyzed by real time as follows: cDNA was generated using 

microRNA Reverse Transcription kit (Applied Biosystems). Total RNA was used to 

generate cDNA using primers specific to U6 (control) or has-miR-632. PCR was performed 

using both U6 (control) or has-miR-632 Taqman primer probes and Taqman Universal 

Master Mix, No Amperase UNG (Applied Biosystems). The cycling conditions were initial 
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step of 95°C for 10 min followed by 40 cycles of 95°C for 15 seconds and 60°C for 1 min. 

has-miR-632 miRNA levels were normalized to U6 levels.

Invasion assay

Invasion assays were conducted using 8 uM polyethylene terpthalate filters (BD 

Pharmingen), as described earlier (20). Cells (transfected with vector or hsa-miR-632) were 

allowed to invade through matrigel coated filters for 18 hrs. in a transwell. Cells invaded to 

the lower sides of the transwell, were stained using 0.05% crystal violet, and the cell number 

was counted as described before (11).

3D culture

3D cultures were grown following the protocol by Debnath et al. (21). Briefly, eight well-

chambered cover glass slides (Thermo Scientific, Waltham, MA, USA) were placed on ice 

and coated with 50 ml of 3D Culture Matrix Basement Membrane Extract Reduced Growth 

Factor (phenol red free) from Trevigen (Gaithersburg, MD, USA). The slide was incubated 

for 30 min in 37 °C incubator. Cells (5000/well, 36 hrs post transfection) were plated in 

growth media containing 2% reduced growth factor basement membrane extract (Trevigen). 

Media was changed every 4 days and the morphology was documented digitally using a 

Nikon microscope (Nikon, Tokyo, Japan) using the 20 × objective. Laminin V was stained 

using MAB-D4B5 (Chemicon, USA)

Patient samples Processing

Upon obtaining signed consent, surgically excised breast tumor specimens were flash frozen 

in liquid nitrogen with minimal lag time. Patient tissues were banked per Mitchell Cancer 

Institute-BioBank protocol (IRB approval #03-092), prior to being procured for use (IRB 

approval #09-287). All specimens were coded and de-identified. Frozen tissue was grinded 

using mortar and pestle. Total RNA was isolated using miRNAeasy kit (Qiagen, Valencia, 

CA) as recommended in manufacturer's protocol.

RESULTS

Identification of potential miRNA regulators of DNAJB6

miRNAs predicted to target DNAJB6 transcript (3' UTR as well as coding region) were 

cataloged using the Sanger data base (Table 1). Eleven distinct miRNAs are predicted to 

target DNAJB6. Out of these 5 miRNAs are predicted to target the coding region and 6 are 

predicted to target the non-coding region (3'UTR). The outcome of this search was manually 

queried for miRNAs that were reported to be overexpressed in malignancies. Four miRNAs 

(mir-197, 632, 376a and 628-3p) targeting the coding region and one (mir-424) targeting the 

3'UTR were cited in literature to be overexpressed in certain malingnancies.

The expression of DNAJB6 has been reported to be highly compromised in invasive (grade 

III) and metastatic (lymph nodes) breast cancer (11). Hence we queried a set of breast cancer 

cell lines (viz. MCF10CA1d.cl.1, SUM159 and MDA-MB-231) with documented highly 

invasive and metastatic properties in xenograft studies (22–24) for the expression of these 

miRNAs in comparison with MCF10A, an immortalized mammary epithelial cell line 
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(Figure 1A). Tumorigenic but non-invasive and non-metastatic MCF10AT cell line was also 

used in this comparison. mir-376a and mir-628-3p were not detectable in these cells. Of the 

three that showed detectable levels, mir-197 expression did not show a distinct trend; if at all 

there was a slight reduction in expression. However, mir-424 and miR-632 expression 

showed a distinct increase in the three invasive and metastatic cell lines in comparison with 

MCF10A and MCF10AT. These two miRNAs were evaluated for their capacity to reduce 

DNAJB6 protein levels by transiently tranfecting the respective miRNAs in MCF10A (cell 

line with high level of DNAJB6). The results showed that miR-632 was able to cause a 

noticeable reduction in the protein levels of both the spliced variants of DNAJB6 (viz. 

DNAJB6a and b) (Figure 1B). Digital densitometry analysis shows that there is 74% 

reduction in DNAJB6a and 55% reduction in DNAJB6b (Supplemental Figure 1).

A putative miR-632 binding site exists in the DNAJB6 ORF

To validate the miR-632 targeting site from DNAJB6, we cloned the putative binding site of 

miR-632 (as per Sanger miRNA search software prediction) from the open reading frame 

(ORF) of DNAJB6 in pMIR-REPORT™ vector to obtain pMIR-REPORT-DNAJB6. This 

reporter was co-transfected with a construct that constitutively overexpresses mature 

miR-632 (miR-632-pIRES2EGFP). We found a 90% reduction in the activity of pMIR-

Report-DNAJB6 in MCF10A cells (Figure 2 A). These observations provided additional 

strength to the proposed role of miR-632 in targeting DNAJB6.

miRNAs have several predicted targets and are known to alter expression at transcription or 

translation or both levels. We tested effect of miR-632 on DNAJB6 transcript in MCF10A 

cells. Compared to the non-targeting control, the transcript levels of DNAJB6 in miR-632 

transfected cells were reduced by about 40%. Patched 1 (PTCH1) is another predicted target 

of miR-632. However, the transcript levels of PTCH1 were unaltered in the DNAJB6 

expressors (Figure 2 B). This endorsed the specificity of miR-632 in targeting DNAJB6.

To further evaluate the validity of our findings, we used (X-miR-632) to silence the 

expression of miR-632 from MDA-MB-231 cells. Western blot analysis for DNAJB6 

showed that at 50 nm as well as 100 nm concentration of X-miR-632 there was a noticeable 

increase in levels of both DNAJB6 varients (Figure 2 C and Supplementary Figure 2). 

Cumulatively these observations confirm the ability of miR-632 to downregulate DNAJB6 

expression.

miR-632 targeting of DNAJB6 is conserved across species

Analysis of the predicted target site of miR-632 in the context of the genomic DNA and 

mRNA sequence of human DNAJB6 gene revealed that it targets a region in exon 5 of the 

DNAJB6 gene (Figure 3 A). As seen in from the complementarity between the seed 

sequence and the mRNA depicted in Figure 3 B, this region is common to both the spliced 

variants of DNAJB6. Cross-species sequence comparison revealed that mature miR-632 

sequence remains fairly unaltered. In fact, it is identical in the primates and deviates 

minimally in other mammals such as dogs and rodents. Importantly, the mfe (minimum-free 

energy) of the respective miR-632 hybrid with respective DNAJB6 target sequence remains 

reasonably comparable (Figure 3 C). These observations imply that the relationship of the 
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miR632 in targeting DNAJB6 may be conserved throughout evolution and hence suggestive 

of the importance of miR-632 as a regulator of DNAJB6.

hsa-miR-632 and DNAJB6 levels show inverse trends in breast cancer tissues

We analyzed miR-632 and DNAJB6 levels from RNA harvested from normal breasts tissue 

and 15 breast tumors. The data shows decreased expression of DNAJB6 in cancerous tissues 

compared to normal breast tissue where as miR-632 levels were found to be higher in 

cancerous tissues as compared to the non-cancerous tissues (Figure 4). Thirteen out of 15 

tumor specimens showed decreased DNAJB6 transcript and out of those, twelve specimens 

showed high miR-632 levels relative to normal breast tissue (exact binomial test, p < 

0.0001).

miR-632 expression enhances the invasive properties

We have previously reported that DNAJB6 enhances epithelial attributes and inhibits the 

mesenchymal phenotype (11, 25). The mesenchymal phenotype confers invasive ability 

upon breast cancer cells (26). Hence we analyzed the impact of expression of miR-632 on 

invasion and levels of mesenchymal markers. MCF10AT breast cancer cells are tumorigenic 

but non-invasive in nude mice xenograft studies. These cells express very low levels of 

miR-632 and are known to have high levels of DNAJB6. miR-632 was over expressed in 

these cells by transiently transfecting miR-632-pIRES2EGFP. Our results showed that 

expression of miR-632 caused about a 2-fold increase in the invasive ability of the cells 

(Figure 5 A [I]). Conversely we tested effect of silencing expression of miR-632 in the 

invasive and metastatic MDA-MB-231 breast cancer cell line. Our observations reveal a 

35% decrease in the invasive ability of these cells upon silencing miR-632 compared to the 

control treated cells (Figure 5 B [I]).

Growth in 3-D matrix assays has been accepted to more accurately recapitulates the 

epithelial organization seen in breast ducts in vivo (27). MCF10AT cells transfected with 

empty vector formed well circumscribed, acinar structures. Notably, consistent with the 

results of the invasion assay, when miR-632 was expressed in these cells they formed 

branched outgrowths indicated by arrows in Figure 5A(II). Cells embedded in 3-D growth 

environment can produce basement membrane molecules such as laminin 5 (28). The 

miR-632 expressing MCF10AT structures retained the ability to deposit basement 

membrane but exhibited broken (indicated by arrows) laminin 5 around the invasive edge 

(Supplementary Figure 3).

MDA-MB-231 cells are known to show stellate 3-D morphology with projected invasive 

growths that can link several cell colonies (29). Our observations presented in Figure 5B(II) 

indicate that consistent with the results of the invasion assay, upon introduction of anti-

mir-632, majority of the cells tend to lose the stellate projections and appear more rounded 

in 3-D culture. Notably, the anti-mir-632 transfected MDA-MB-231 cells showed the 

presence of intact laminin 5 which was broken (indicated by arrows) in the control anti-mir 

transfected cells (Supplementary Figure 3).
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Cumulatively these observations indicate a gain in invasive-mesenchymal like cellular 

morphology in the presence of miR-632. Expression analysis using qRT-PCR revealed that 

X-miR-632 treatment down regulated mesenchymal markers Zeb2 and SLUG whereas 

epithelial marker, E-cadherin was up-regulated. These observations are consistent with our 

previous report of EMT reversal seen in DNAJB6 expressors are consistent with our 

previous report of EMT reversal seen in DNAJB6 expressors (Supplementary Figure 4).

Discussion

Differential regulation of miRNA in cancers of diverse types is known. Many human 

miRNA genes are located at genomic loci associated with cancer suggesting the role of 

miRNAs in cancer (30). The role of miRNAs in breast cancer cell growth and metastasis has 

been widely accepted (7, 31–35). miRNAs have emerged as novel candidates markers and 

treatment targets in breast cancer and have a huge potential of evolving into effective 

biomarkers because of their stability and availability for detection (36–38).

However, newer miRNAs are still being discovered and validated for their activity. To date 

the role of miR-632 in cancer has not been described. Also no specific target been validated 

for this miRNA. Notably, the importance of miR-632 is getting realized. Recent interesting 

studies by Erdogan et al revealed that expression level of miR-632 is positively associated 

with myelodysplastic syndromes (MDS) and has high discrimination ability compared to 

normal (39). Cancer for the most part is associated with aging; hence it is interesting to note 

that an aging-associated disorder such as MDS, shows up-regulation of miR-632. One other 

detailed study involving analysis of exosomes secreted by immune cells revealed high 

miR-632 levels in the exosomes (40). This study shows that miRNAs transferred during 

immune synapsis are able to modulate gene expression in recipient cells. Thus it is 

conceivable that DNAJB6 expression in the breast epithelial cells could also be modulated 

by miR-632 delivered through exosomes in the microenvironment.

The phenomenon of Epithelial-Mesenchymal-transition (EMT) has been implied as a 

determinant of the invasiveness of solid tumors (41–43). Mesenchymal characteristics are 

responsible for the invasive ability of breast cancer cells (44–46). Findings from our 

laboratory have indicated that loss of DNAJB6 expression is concurrent with tumor 

progression and may contribute to mesenchymal like properties (11, 25). Our work 

presented here identifies miR-632 as a potential negative regulator of DNAJB6 expression. 

Overexpression of miR-632 in MCF10AT lead to increased invasion, conversely, silencing 

miR-632 reduced invasive ability and mesenchymal markers. These observations are 

consistent with its action of reducing DNAJB6 expression. Our observations show that 

miR-632 is capable of silencing both spliced variants of DNAJB6. However, the extent of 

silencing is variable and this may reflect as differential interactions of miR-632 with the 

spliced variants. Interestingly immunohistochemical analysis of DNAJB6 in IDC grade III 

and in lymph node metastasis of breast cancer shows a total loss of DNAJB6 protein signal, 

which is expected if both the spliced variants are abrogated. There could be multiple 

negative regulators of DNAJB6 expression that may be responsible for abrogating DNAJB6 

expression and based on observation presented here, we propose that miR-632 is one of the 

negative regulators of DNAJB6 expression.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Screening for miRNAs that can potentially target DNAJB6
(A) Levels of each of the miRNAs, miR-197, miR-424 and miR-632 from human Breast 

cancer cell lines MCF10AT, MCF10CA1d.cl.1, SUM159 and MDA-MB-231 were 

compared to immortalized human mammary epithelial cell line MCF10A using real time-

quantitive-PCR. The graph is presented in logarithmic scale for Y-axis. Reactions were 

performed in triplicate and the experiment was performed twice.

(B) mir-424 and miR-632 were transiently expressed in MCF10A. Total protein extract 

(20μg) was resolved using SDS-PAGE and subjected to western blot analysis for DNAJB6 

levels. β-actin level was determined to confirm equal loading.
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Figure 2. miR-632 targets DNAJB6 for degradation
(A) pMIR-REPORT-DNAJB6 (containing putative binding site of miR-632 from the ORF 

of DNAJB6) was co-transfected with miR-632 expression vector, miR-632-pIRES2EGFP or 

empty vector control. The assay was performed in triplicate and the experiment was 

performed twice. The luciferase activity readings were normalized with activity from a co-

transfected β-gal expressing control. The error bars represent standard error of mean (SEM)

(B) Levels of DNAJB6 and PTCH1 transcript were evaluated from MCF10A cells treated 

with miR-632-pIRES2EGFP or empty vector control. GAPDH was used as endorse control. 

The error bars represent standard error of mean (SEM). The reactions were performed in 

triplicate and the experiment was performed three times.

(C) MDA-MB-231 cells were treated with X-miR-632 or control (50 and 100 nM). Total 

protein extract (30μg) was resolved using SDS-PAGE and subjected to western blot analysis 

for DNAJB6 levels. β-actin levels were determined as loading control.
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Figure 3. Analysis of miR-632 binding site from DNAJB6
(A) Diagrammatic representation of miR-632 binding site. Solid black boxes represent 

exons.

(B) Diagrammatic representation of binding of miR-632 seed sequence to its target site in 

DNAJB6.

(C) Cross species sequence comparison miR-632. Highlighted boxes with bold italicized 

underlined letters depict deviation from human miR-632 sequence. mfe = minimum-free 

energy.
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Figure 4. hsa-miR-632 and DNAJB6 levels show inverse trends in breast cancer tissues
Total RNA from 15 breast tumors was analyzed by qRT-PCR for miR-632 and DNAJB6 

levels from. The levels were compared with average of normal levels as calibrator, 

designated as 1. The graph is presented in logarithmic scale for Y-axis.
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Figure 5. miR-632 expression enhances the invasive properties
(A) (I) MCF10AT cells were transiently transfected miR-632-pIRES2EGFP and were 

allowed to invade through matrigel coated filters for 18 hrs. Invaded cells were visualized 

using crystal violet, and the cell number was counted and compared to invasion of cells 

transfected with empty vector control. (II) MCF10AT cells were transiently transfected with 

empty pIRES2EGFP vector or miR-632-pIRES2EGFP and their growth in 3-D was 

assessed. Arrows point the invasive outgrowth. Experiments were performed in triplicate 

and the experiment was performed two times.

(B) (I) MDA-MB-231 cells were treated with X-miR-632 (100 nM) or the control and the 

invasion assay was performed as described before. (II) MDA-MB-231 cells were transfected 

with miRNA inhibitor scrambled control clone pEZX-AM01 (control) or anti-miR-632 

pIRES2EGFP and their growth in 3-D was assessed. Arrows point the invasive outgrowth.. 

Experiments were performed in triplicate and the experiment was performed two times.
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Table 1

Micro-RNAs predicted to target DNAJB6 transcript are catalogued using the Sanger data base. The 

highlighted miRNAs are predicted to target the coding region of DNAJB6 and the rest are predicted to target 

the non-coding region (3'UTR).

Over Expressed Mechanism Reference

miR-197 SCLCs and NSCLCs
Male breast cancer

Follicular thyroid carcinoma

Speculated Oncogenic Du L et al. Mol Cancer Res. 2009 Aug;7(8): 1234–43.
Lehmann U. et al. BMC Cancer. 2010 Mar 23;10:109.
Weber F J et al. Clin Endocrinol Metab. 2006 Sep;91(9):3584–
91.

miR-632 Myelodysplastic syndrome Unknown Erdogan B., et al. Experimental Hematology 2011 September, 39 
(9), 2011 915–926.e2

miR-376a Pancreatic cancer Unknown Batra et al. Cancer Letters 292(1), 1 June 2010

miR-628-3p Myc induced Unknown Mestdagh P. et al. Oncopene 2010;29:1394–1404.

miR-29b-2* No data found - -

miR-369 No data found - -

miR-29c No data found - -

miR-597 No data found - -

Mir-591 No data found - -

miR-801 No data found - -

miR-424 Under expressed Ovarian cancer Dahiya N,, et al. 2008. PLoS ONE 3(6): e2436.
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