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Abstract: Background: HER2 positive breast cancers (BC) have aggressive behavior and poor 

prognosis. Previously, we have identified miR-342-5p as an upstream regulator of HER2 signaling, 

as well as inhibitor of HER2 positive BC cell line growth. 

Objective: Here, we aimed to further investigate the molecular mechanisms behind miR-342-5pinduced 

HER2 pathway deregulation. Two HER2 amplified breast cancer cell lines were transiently 

transfected with miR-342-5p mimic or negative control, and gene expression was analyzed by Agilent 

microarrays. 

Method: Three clinical datasets with BC patients were used to identify correlations between candidate 

genes and miR-342-5p, and associations with survival. Pathway analyses of all deregulated 

genes revealed a significant suppression of the HER2 downstream pathways ERK/MAPK and 

SAPK/JNK, whereas the miR-342-5p predicted target genes were enriched for pathways associated 

with cell motility. 

Results: Biological functions linked to mitochondrial stability were ranked among the top toxicological 

functions in both gene lists. Among the most deregulated genes, Cytochrome B5 Reductase 3 

(CYB5R3) and Rap Guanine Nucleotide Exchange Factor 6 (RAPGEF6) significantly anticorrelated 

and correlated, respectively, with miR-342-5p in all three clinical BC datasets. Low CYB5R3 levels 

and high RAPGEF6 levels were significantly associated with survival, although this was not directly 

associated with HER2 expression. 

Conclusion: Our data suggest that miR-342-5p overexpression in HER2 positive BC cell lines elicits 

broad effects on HER2 downstream signaling, cell motility and mitochondrial stability. Together these 

effects may render cells less proliferative and more sensitive to cellular stress. 
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1. INTRODUCTION 

In recent years, microRNAs (miRNAs) have revealed a 

wealth of new insights into the intrinsic regulation of transcription 

and translation of protein-coding RNAs. MicroRNAs 

are small, non-coding RNA molecules regulating 

gene-expression post-transcriptionally, most often through 

binding to the 3`untranslated (3`UTR) region of their target 

mRNAs. This causes translational repression or mRNA destabilization 

[1]. Over 2500 different miRNAs have been 

described in the human genome (http://microrna.sanger.ac.uk),  

and they have been identified as regulators of many biological 

processes, including proliferation, differentiation and 

cell death in both normal and cancer cells [2-4]. Furthermore, 

the ability of one miRNA to target hundreds of mRNAs [5] 

highlights their unique capability to modulate an immense 

and complex regulatory network of gene expression. 

The fact that miRNAs can work as oncogenes or tumor 

suppressors, depending on the cellular context in which they 

are expressed, has opened the potential use of miRNA mimics 

or antagonists as therapeutics [6]. The human epidermal 

growth factor receptor 2 (HER2), also known as ErbB2, is 

found overexpressed in about 15-20% of invasive breast 

cancers, and is associated with poor disease-free survival [7, 

8]. HER2 overexpression leads to constitutive activation of 

downstream signaling, such as AKT and MAPK pathways, 

resulting in increased cell growth, survival and migration. In 

our previous study, we identified several miRNAs regulating 

cell growth and apoptosis, HER2 protein levels and inhibition 

of AKT and ERK1/2 downstream signaling mediators in 

HER2 positive cell lines. miR-342-5p was one of the most 

potent down-regulator of HER2 protein and downstream 

signaling, whereas no change in cell growth or apoptosis was 

seen in the HER2 negative, MCF7, cell line [9]. The expression 

of miR-342-5p was also found to be significantly higher 

in HER2 negative breast cancer patients compared to the 

HER2 positive patients, which may imply a potential role of 

this miRNA as a therapeutic strategy in the management of 

HER2 positive breast cancer. However, although high expression 

of miR-342-5p was significantly associated with a 

better overall survival in two cohorts of breast cancer patients 

[9], no specific link to the HER2 positive subset of 

breast cancer has been described. Furthermore, no direct 

binding between the 3`UTR region of HER2 and miR-342- 

5p was identified. Based on our previous findings we hypothesize 

that miR-342-5p exerts its tumor inhibiting effects 

through mechanisms that are either separate or indirectly 

linked to the HER2 receptor. To further unravel the mechanisms 

by which miR-342-5p modulates the HER2 signaling 

pathways and cell growth, we thus performed mRNA expression 

analyses after miR-342-5p overexpression in two 

HER2-amplified breast cancer cell lines, KPL-4 and JIMT-1. 

By combining the gene expression data with miRNA target 

predictions, we identified Cytochrome B5 Reductase 3 

(CYB5R3) and Rap Guanine Nucleotide Exchange Factor 6 

(RAPGEF6) as potential contributors to the tumor-inhibiting 

effects of miR-342-5p. The results presented here are important 

for the understanding of the molecular mechanisms underlying 

the role of miR-342-5p in HER2 positive breast cancer. 

 

2. MATERIALS AND METHODS 

2.1. Cell Lines 

Two human HER2 positive, trastuzumab non-responsive 

breast cancer cell lines, KPL-4 and JIMT-1, were used to 

identify potential targets for miR-342-5p. KPL-4 cells were a 

kind gift from Prof. Junichi Kurebayashi (Kawasaki Medical 

School, Japan) [10], and they were cultured in DMEM (4.5 

g/l glucose; Sigma–Aldrich, St. Louis, MO) supplemented 

with 10% fetal bovine serum (FBS), 2 mM l-glutamine and 

1% penicillin/streptomycin. JIMT-1 cells were obtained from 

the German Collection of Microorganisms and Cell Cultures 

(DSMZ, Leibniz, Germany), and were cultured in 1:1 Ham's 

F-12/DMEM (4.5 g/l glucose) supplemented with 10% FBS, 

10 μg/ml insulin, 2 mM l-glutamine and 1% penicillin/ 

streptomycin. 

2.2. Transfections and RNA Isolation 

The cells were transiently transfected with 20 nM precursor 
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for miR-342-5p or negative control miRNA (Ambion 

Inc., Austin, TX, USA) using SilentFect (Bio-Rad Laboratories, 

Hercules, CA, USA) as described previously [9]. The 

transfected cells were incubated for 24 hours, and total RNA 

was extracted directly from each well using MiRVana™ 

Total RNAIsolation kit (Ambion Inc.) according to the manufacturer` 

s protocol. The transfections were done in three 

separate biological replicates. 

 

3. EXPRESSION ARRAYS 

mRNA expression was measured using SurePrint G3 

Human GE 8x60K one-color microarrays (Agilent Technologies) 

according to the manufacturer’s protocol (One-Color 

Microarray-Based Gene Expression Analysis, Low Input 

Quick Amp Labeling, v.6.5, May 2010). For each sample, 

100 ng of RNA was amplified and hybridized on the array, 

which includes 42,405 unique 60-mer probes, targeting 

27,958 Entrez genes and 7,419 lincRNAs. Arrays were read 

with Agilent Scanner G2565A, using AgilentG3_GX_1Color 

as profile. Signals were extracted using FEv.10.7.3.1 and 

protocol GE1_107_Sep09 (Agilent Technologies). 

3.1. Microarray Data Analysis 

Microarray intensity data were analyzed by 

GeneSpring™ GX 13.1 software. Data from all samples 

were log2-transformed and quantile normalized. Control 

probes and probes that were flagged as compromised were 

omitted from the analysis. Genes with more than one probe 

were averaged if the correlation between probes was >= 0.8, 

while for probes with correlation < 0.8, the probe with the 

highest variance was chosen. Mean intensity values from 

each gene from both cell lines, KPL-4 and JIMT1, and from 

the three replicate experiments for each cell line (6 values in 

total per gene) were calculated to increase statistical power. 

Statistical analyses were performed on normalized intensity 

values using an unpaired Student t-test. Probes with false 

discovery rate p-values (Benjamini and Hochberg) less than 

0.1 were considered to be significant. mRNA expression data 

have been submitted to the Gene Expression Omnibus 

(GEO) database [GEO: GSE108324]. 

3.2. miR-342-5p Target Predictions 

TargetScan Human version 7.0 [11-13] was employed to 

predict target genes for miR-342-5p. This database uses an 

algorithm based on conservation criteria, and was ranked as 

the most robust compared to several other databases in a 

previous study [14]. Predictions were filtered for transcripts 

with a context score threshold of ≤ -0.2, where the targets 

with lowest context scores represent the most confident targets. 

To improve the reliability of the target genes predicted, 

a second target prediction database, DIANA-microT-CDS 

[15, 16] was also employed. In this algorithm conservation is 

a feature and not a filter, which increases sensitivity to miRNA 

targets that are lineage specific. Here, low confidence 

targets were eliminated by filtering out targets with a total 

context score threshold of ≥ 0.7. To identify potential targets 

for miR-342-5p among the significantly up- and downregulated 

genes in miR-342-5p transfected versus negative control 

transfected cell lines, target genes with the indicated 

thresholds were retrieved and matched to the gene list. 

3.3. Ingenuity Pathway Analysis 

Functional annotation and pathway analysis was performed 

using Ingenuity Pathway Analysis software (IPA, Ingenuity Systems, 

Redwood City, CA) on significantly regulated 

genes between the cells transfected with miR-342-5p 

and negative control miRNA. Both up- and down-regulated 

genes with FDR < 0.1 after miR-342-5p overexpression, 

compared to negative control cells, were used as input for the 

IPA analysis. IPA uses Fisher's exact test to determine 

whether a canonical pathway is enriched within the genes of 

interest. 

3.4. Breast Cancer Patients 

Three clinical cohorts with matched mRNA and miRNA 

expression data from breast cancer patients were employed 

in this study. From a total of 1283 patients in the METABRIC 

cohort, 1122 were HER2 negative and 161 were 

HER2 positive. HER2 status was determined by immunohistochemistry 

(IHC) and fluorescence in situ hybridization 



 

 

(FISH), where tumors were scored HER2 positive if at least 

10 % showed membranous staining and/or if HER2 FISH 

was positive. 

From the Oslo2 cohort, 363 patients were analyzed, with 

301 being HER2 negative and 41 HER2 positive [17]. Amplification 

of the human epidermal growth factor receptor 2 

(HER2) gene was assessed by a combination of IHC and 

chromogenic in situ hybridization (CISH) following standard 

guidelines. 

Within the 96 primary breast carcinoma samples from the 

MicMa cohort, 73 tumors were HER2 negative and 17 HER2 

positive. In this cohort HER2 status was  

determined by immunohistochemistry 

(IHC) and fluorescence in situ hybridization 

(FISH), where tumors were scored HER2 positive if at 

least 10 % showed membranous staining and/or if HER2 

FISH. 

Detailed information about tissue collection and patient 

information for the METABRIC, Oslo2 and MicMa cohorts 

can be found in [17-19] respectively. The Regional Committee 

for Medical and Health Research Ethics for southeast Norway 

have approved the study (approval number 1.2007.1125.) 

The Oslo2 trial does not have substantial long term follow- 

up data yet, so survival analyses could not be performed 

in this cohort. 

 

4. RESULTS 

4.1. Identification of Differentially Regulated Genes after 

miR-342-5p Overexpression 

To investigate the mechanisms behind the inhibitory effects 

of miR-342-5p on HER2 signaling and cell growth, 

gene expression microarrays were performed after miR-342- 

5p overexpression in two HER2 amplified breast cancer cell 

lines, JIMT-1 and KPL-4. After merging probes from the 

two cell lines, a total of 581 genes were significantly differentially 

expressed between miR-342-5p transfected and negative 

control miRNA transfected cells (FDR<0.1) (Suppl. 

Table S1). Of these, 383 genes were downregulated and 198 

genes were upregulated. 

Of the deregulated genes, 139 were predicted targets of 

miR-342-5p; 128 by TargetScan and 59 by DIANA microTCDS. 

A total of 48 of the predicted targets were overlapping 

between the two algorithms (Suppl. Table S1). 

4.2. miR-342-5p can Suppress mRNAs Involved in HER2 

Downstream Signaling Pathways and Cell Junctions 

Next, we performed pathway enrichment analyses with 

the Ingenuity Pathway Analysis (IPA) to examine the biological 

pathways and processes regulated by miR-342-5p. 

Pathway analysis of the 581 miR-342-5p-regulated genes 

identified ERK/MAPK signaling and SAPK/JNK signaling 

among the five most significantly regulated pathways (Table 1). 

Both pathways were estimated to be downregulated after 

miR-342-5p overexpression, although the ERK/MAPK 

pathway to a lower extent. 

When the pathway analysis was limited to the genes predicted 

to be miR-342-5p targets, germ cell-sertoli cell junction 

signaling, sertoli cell-sertoli cell junction signaling and 

integrin signaling were included among the five most significantly 

affected pathways after miR-342-5p overexpression 

(Table 2). Although only integrin-signaling was predicted to 

be downregulated after miR-342-5p overexpression, the results 

imply a change in cell-cell connection as all these three 

pathways provide contact between cells or between cells and 

extracellular matrix (ECM). In line with this observation, 

four of the ten most upregulated genes from the total gene  

list of 581 genes were also associated with cellular contact  

(Table 3): The guanine exchange factor Rap Guanine Nucleotide 

Exchange Factor 6 (RAPGEF6), Keratin 80 (KRT80), 

Claudin 19 (CLDN19) and Delta Like Canonical Notch Ligand 

1 (DLL1). 

4.3. miR-342-5p can Suppress mRNAs Involved in Mitochondrial 

Dysfunction and Protection of Oxidative Stress 

Deregulation of mitochondrial function was enriched 

among the miR-342-5p regulated genes, within the top toxicological 

functions (Table 4). This was also true for enrichment 

analysis performed on the gene list with only predicted 



 

 

targets (Table 2 and 5). 

Of the predicted and significantly down-regulated target 

genes, NADH-cytochrome b5 reductase 3 (CYB5R3), Glutathione 

peroxidase 4 (GPX4), cytochrome c oxidase (COX) 

assembly homolog 10 (COX10) and Caspase 9 (CASP9) 

were associated with mitochondrial dysfunction. 

Additional interesting mitochondria-associated genes 

known to have key functions in maintaining mitochondrial 

integrity and protection of cells against oxidative stress, and 

which were significantly downregulated upon miR-342-5p 

overexpression, included methionine sulfoxide reductase B2 

(MSRB2), cytochrome c-1 (CYC1) and translocase of inner 

mitochondrial membrane 17 homolog B (TIMM17B) (Suppl. 

Table S1). COX10 and CYC1 encode important players in 

the mitochondrial respiratory chain, and their loss is associated 

with various mitochondrial complex deficiencies. 

CYB5R3, GPX4 and MSRB2 have been characterized as key 

effectors in the protection of oxidative stress [20-22], while 

TIMM17B is essential for constitutive mitochondrial functions, 

such as maintenance of electron transport chain activity 

[23]. Interestingly, except for MSRB2 and CYC1, all these 

genes were identified as predicted targets in either the TargetScan 

and/or DIANA algorithms. Furthermore, TIMM17B, 

CYB5R3 and GPX4 were also among the ten most downregulated 

genes after miR-342-5p overexpression (Table 3), indicating 

a strong miR-342-5p induced downregulation of important 

genes maintaining mitochondrial stability and function. 

4.4. miR-342-5p Expression Correlates with CYB5R3 and 

RAPGEF6 Expression in Breast Cancer Patients 

To investigate correlation between miR-342-5p and its 

potential target genes, three clinical datasets, METABRIC (n 

= 1283), OSLO2 (n = 363) and MicMa (n = 99), with both 

mRNA and miRNA expression data, were employed. Among 

the twenty most down-regulated genes, CYB5R3 was found 

to significantly negatively correlate with miR-342-5p (r < - 

0.3, p < 0.001) (Suppl. Table S2 and Fig. 1A and B) in the 

two former datasets. This correlation was weaker in the 

MicMa cohort (Fig. 1C). Furthermore, the negative correlation 

was seen within both HER2 positive and HER2 negative 

patients within the two former dataset, but only in the HER2 

negative patients from the MicMa cohort. 

From the twenty most upregulated genes, RAPGEF6 significantly 

positively correlated with miR-342-5p (r > 0.3, p < 

0.01) in the METABRIC dataset, regardless of HER2 status 

(Suppl. Table S3 and Fig. 2A). In the Oslo2 dataset, 

RAPGEF6 significantly positively correlated with miR-342- 

5p (r > 0.3, p=0.01) in HER2 positive patients, whereas, the 

correlation in the HER2 negative subset of patients expression 

was significant, but modest (Fig. 2B, r=0.22, p < 0.001). 

In contrast, the correlation between miR-342-5p and 

RAPGEF6 was only significant within the HER2 negative 

subset of patients from the MicMa cohort (Fig. 2C). 

Further analysis within the PAM50 subgroups identified 

a significant negative correlation between miR-342-5p and 

CYB5R3 expression within all five subgroups in the METABRIC 

cohort (Fig. 3A). On the other hand, a positive correlation 

between miR-342-5p and RAPGEF6 expression was 

only seen within the Basal, Her2 and Normal-like subgroups 

(Fig. 3B). 

In the MicMa cohort, a significant correlation between 

miR-342-5p expression and CYB5R3 was only seen in the 

Luminal A subtype (Fig. 4A), while the correlation between 

miR-342-5p and RAPGEF6 was only present in the Basal 

subtype (Fig. 4B). Importantly, due to the low number of 

patients within each subtype of the MicMa cohort, the results 

from this dataset should be verified in another clinical cohort. 

4.5. Genes with High Correlation to miR-342-5p Expression 

Correlate with Survival 

To test whether the highly correlating genes could be 

linked to survival, all patients within the METABRIC and 

MicMa cohorts were divided into two groups based on their 

CYB5R3 or RAPGEF6 expression; a “low” group denoting 

samples with CYB5R3 or RAPGEF6 expression below the 

median, and a “high”’ group containing samples with expression 

levels above the median. As illustrated in Fig. (5A 

and B), Kaplan-Meier survival curves from the METABRIC 



 

 

cohort showed a significant increase in 5- and 10-year overall 

survival for patients with low CYB5R3 expression, compared 

to patients with high CYB5R3 expression (p = 0.009 

and p = 0.02, respectively). The same trend was also seen for 

patients in the Micma cohort, but was only significantly different 

at 10 year overall survival (Suppl. Fig. 1A and B). 

In accordance with the positive correlation of RAPGEF6 

and miR-342-5p expression, a significant increase in 5- and 

10-year overall survival was seen for patients with high 

RAPGEF6 expression in the METABRIC cohort (p = 0.007 

and p = 0.027, respectively, Fig. 5C and D). Although the 

same trend was seen for RAPGEF6 expression in the MicMa 

cohort, these results were not significant (Suppl. Fig. 1C and D). 

For CYB5R3, n = 641 for “high” group and = 640 for 

“low” group. For RAPGEF6, n = 641 for both “high” and 

“low” groups. P-values were obtained using a log-rank test. 

Importantly, neither of the two genes showed a significant 

association with survival when employing univariate 

cox regression on continuous gene expression (data not 

shown). 

The four different combinations of high/low CYB5R3 and 

RAPGEF6 expression in combination was also tested, and as 

illustrated in Fig. (7), the combination of high CYB5R3 and 

low RAPGEF6 resulted in worse outcome compared to the 3 

other combinations in both clinical cohorts. This combination 

was significantly associated with survival at 5 year 

overall survival in the METABRIC cohort (p = 0.02, Fig. 

7A), and 10 year overall survival in the MicMa cohort (p = 

0.02, Fig. 7D). 

CYB5R3 and RAPGEF6 expression and their correlation 

to survival were also analyzed within PAM50 subgroups in 

the METABRIC cohort. For CYB5R3, no correlation to 5 

and 10 year survival was seen within any of the subgroups 

(data not shown). For RAPGEF6, a significantly better survival 

was found within the Normal-like subgroup at 10 year 

(p = 0.016, data not shown), but not for any of the other subgroups. 

 

 

5. DISCUSSION 

The tumors overexpressing HER2 are known to be of 

high histological grade, with an aggressive clinical behavior 

[7, 24]. Targeted therapy against the HER2 receptor has significantly 

increased progression free and overall survival in 

these patients [25]. As seen in the Cleopatra study, addition 

of pertuzumab to trastuzumab and docetaxel, as compared to 

the addition of placebo, significantly improved overall survival 

with 15.7 months [26]. However, drug resistance remains 

a critical issue, and new HER2 targeted therapies are 

therefore continuously being developed and tested in clinical 

trials. We previously reported miR-342-5p as a promising 

candidate with a potential inhibitory effect on HER2 driven 

breast cancers [9]. We demonstrated that high expression of 

miR-342-5p was associated with better overall survival and 

increased time to local recurrence in breast cancer patients. 

A significant association of high miR-342-5p expression and 

better survival was also found across all patients in two cohorts 

of breast cancer patients. 

In the present study, the inhibitory and targeting functions 

of this miRNA were further investigated by analyzing 

gene expression after overexpressing miR-342-5p in two 

HER2 positive breast cancer cell lines. Activation of the 

HER2 receptor leads to cytoplasmic signaling through survival 

pathways like PI3K/Akt and the MAPK pathways ERK, 

p38 and JNKs [27]. We previously described the HER2 

downstream inhibiting effect of miR-342-5p on the PI3K/Akt 

and the MAPK/ERK pathways [9]. In the present study, the 

c-Jun NH2-terminal kinase/stress-activated protein kinase 

(SAPK/JNK) was identified as one of the most significantly 

downregulated pathways after miR-342-5p overexpression. 

Mitogen-Activated Protein Kinase 11 and 13 (MAP3K11 and 

MAP3K13), which were found downregulated after miR- 

342-5p overexpression, function as positive regulators of the 

SAPK/JNK signaling pathway through activation of 

MAPK8/JNK (JNK1). The role of JNK in the HER2 signaling 

pathway has been subject for recent attention as activation 

of JNK1 has been shown to promote cell survival in 



 

 

HER2-positive breast cancer [28], as well as to modulate 

acquired resistance to EGFR/HER2-targeted therapies [29- 

32]. The identified downregulation of genes involved in the 

activation of JNK signaling after miR-342-5p overexpression 

may therefore be, at least partly, responsible for the decrease 

of the growth of HER2 positive breast cancer cell lines. 

The JNKs are activated in response to a variety of cellular 

stresses, including UV, methylating agents, heat shock 

and oxidative stress [33], and play an important role in modulating 

the functions of pro- and anti-apoptotic proteins located 

in mitochondria [34]. The downregulation of the 

SAPK/JNK pathway therefore correlates to the effect elicited 

by miR-342-5p overexpression on mitochondria, which was 

reflected through the identification of changes in several 

mitochondria associated pathways upon miR-342-5p overexpression. 

A potential link between targeting the HER2 pathway 

and mitochondrial effects correlates with the findings in 

a study by Grazette et al. [35], where antibody-targeting of 

HER2 caused a loss of mitochondrial membrane potential 

and an increase in cell death. Furthermore, blockade of the 

HER2 receptor has been shown to induce cardiomyocyte 

death through a mitochondrial pathway that is dependent on 

ROS production [36]. We identified CYB5R3, GPX4 and 

MSRB2 among the genes mapped to mitochondrialassociated 

pathways, which are all known as key effectors in 

the protection of oxidative stress [20-22, 37-39]. Furthermore, 

TIMM17B is essential for constitutive mitochondrial 

functions, and its downregulation has been shown to significantly 

decrease cell viability [23]. The additional finding of 

TIMM17B, CYB5R3 and GPX4 among the ten most downregulated 

genes, as well as being predicted targets for miR- 

342-5p, suggests that there may be a potential direct or indirect 

targeting of either one, or some, of these genes by miR- 

342-5p. Altogether, the results indicate that miR-342-5p 

overexpression leads to reduced MAPK/JNK signaling and 

mitochondrial instability, which renders cells more vulnerable 

to stress and thereby more prone to apoptosis. However, 

as the role of JNK in apoptosis can be both pro- or antiapoptotic, 

depending on cell type, nature of the death stimulus, 

duration of its activation as well as other signaling pathways 

[40], the effects of the reduced SAPK/JNK signaling upon 

miR-342-5p overexpression is hard to conclude. 

CYB5R3, a key effector in the protection of oxidative 

stress, may represent a potential link between miR-342-5p 

overexpression and the decrease in HER2 positive breast 

cancer cell growth. CYB5R3 was identified as a predicted 

miR-342-5p target within both target prediction algorithms 

employed. This was also the only gene among the most 

downregulated genes after miR-342-5p overexpression, 

which was found anti-correlated to miR-342-5p expression 

in the three clinical datasets employed. However, when analyzing 

correlations within the PAM50 subgroups, none of the 

subgroups showed a consistent link between miR-342-5p and 

CYB5R3 expression across the clinical cohorts. This was also 

true for the survival analysis, where a significantly better 

outcome of low CYB5R3, either separately or in combination 

with high RAPGEF6 expression, was only seen within all 

patients combined. The lack of correlation within the HER2 

positive subset could be explained by the previous identified 

low levels of miR-342-5p expression within HER2 positive 

breast cancer patients [9]. There were also fewer HER2 positive 

patients in all clinical cohorts employed. 

Loss of cell polarity and adhesion is a hallmark of many 

epithelial cancers. In relation to this, we found that within 

the gene list containing only miR-342-5p predicted targets, 

three of the five most significantly deregulated pathways 

reflected cell junction or integrin signaling. Among the twenty 

most upregulated genes after miR-342-5p overexpression 

in the HER2 positive cell lines, only RAPGEF6 was found to 

positively correlate with miR-342-5p expression in the 

METABRIC cohort. This was also true for the Oslo2 cohort, 

but only in the HER2 negative breast cancer patients. A significant 

association with survival was also found for 

RAPGEF6 in the METABRIC cohort, where higher expression 

was correlated to increased survival. RAPGEF6, also 

known as PDZ-GEF2, is a guanine exchange factor, and has 



 

 

been shown to play a role in adherens junctions between 

cells, integrin junctions to the matrix, actin organization and 

migration in epithelial and lymphatic cells [41, 42]. 

RAPGEF6 itself was not a predicted target for miR-342-5p, 

and its upregulation after miR-342-5p overexpression may 

therefore be the result of an indirect mechanism rather than a 

direct targeting. In patients from the METABRIC cohort, 

RAPGEF6 was significantly positively correlated to miR- 

342-5p expression within the Basal, HER2 and Normal-like 

PAM50 subgroups. A trend towards better survival for patients 

with high levels of RAPGEF6 within the Normal-like 

subgroup was seen at 5 years (p = 0.09, data not shown), 

although it only reached statistical significance at 10 years (p 

= 0.016, data not shown). A significantly positive correlation 

between miR-342-5p and RAPGEF6 was also seen within 

the Oslo2 and MicMa datasets, however, no consistency 

could be found regarding subgroup specificity. 

 

CONCLUSION 

To conclude, the results presented provide mechanistic 

insight for the role of miR-342-5p in inhibiting the growth of 

HER2 overexpressing breast cancers. Several of the findings 

suggest that the observed decrease in HER2 driven tumor 

growth is, at least in part, the result of a miR-342-5p-induced 

downregulation of HER2 downstream signaling pathways, as 

well as a downregulation of important protectors against 

oxidative stress. Here, CYB5R3 may represent an important 

contributor to the observed decrease in cell growth. However, 

as the present study is limited to the use of only HER2 

positive cell line analyses, we cannot conclude whether the 

hypothesized targeting of CYB5R3 by miR-342-5p is HER2 

specific. Additional studies in HER2 negative cell lines are 

therefore warranted. Importantly, miR-342 has previously 

been shown to have significantly lower expression in TP53 

mutated tumors [19], and as being tightly correlated to estrogen 

receptor (ER) and immune cell expression [43]. As these 

parameters are very likely to impact on survival, it could also 

explain why better survival is only seen across all patients 

and not within the PAM50 subgroups. Nevertheless, the results 

underscore a targeting effect from miR-342-5p on the 

mitochondrial transmembrane potential and respiratory chain 

complexes, and a reduction in the defense mechanisms 

against oxidative stress. As direct targeting of the HER2 receptor 

is frequently found to be insufficient to inhibit the 

growth of HER2 positive breast cancers, as well as the development 

of resistance to such therapies, miRNA-mediated 

targeting could accomplish a wider effect and thereby offer a 

promising new therapeutic intervention for these patients. 
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