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Abstract 15 

Epstein-Barr virus (EBV) miRNAs are expression in various human tissues, including the 16 

human colon. We have previously shown that the EBV miRNA miR-BART10-3p is higher 17 

expressed in colon cancer tissue compared to adjacent normal tissue. Here, we aim to identify 18 

and validate novel human targets of miR-BART10-3p. MiR-BART10-3p mimics were 19 

transfected into the two colon cancer cell lines, SW620 and LS411N, and changes in RNA 20 

expression were evaluated by RNA-seq. Several genes showed significant changes in gene 21 

expression upon miR-BART10-3p transfection, and genes that were significantly 22 

differentially expressed in both cell lines were more often down-regulated in miR-BART10-23 

3p transfected cells, indicating regulation by miR-BART10-3p. Candidate human targets of 24 



miR-BART10-3p were predicted using TargetScan, and two genes with predicted target sites, 25 

MAT2B and CCND1, were functionally validated as miR-BART10-3p targets. Together, we 26 

here present several novel candidate human targets of miR-BART10-3p, thereby increasing 27 

the understanding of miR-BART10-3p in colon cancer.  28 

 29 

 30 

Introduction 31 

 32 

Epstein-Barr virus (EBV) was the first oncovirus to be discovered, and was originally 33 

identified in Burkitt lymphoma cells (69, 79). EBV is shown to be linked to several human 34 

cancers such as Burkitt’s lymphoma, Hodgkin’s lymphoma, nasopharyngeal carcinoma, 35 

gastric cancers and also colon cancer (1-4). EBV miRNAs are expressed in all phases of the 36 

viral life cycle and are transcribed and generated in the same way as human miRNAs (5). 25 37 

EBV miRNA precursors and 44 mature EBV miRNAs have been identified, four of which 38 

are encoded from the BamHI fragment H rightward open‐reading frame (BHRF) region and 39 

the remainders are from the BamHI‐A region rightward transcript (BART) region (6).  40 

 41 

The EBV miRNA EBV-miR-BART10-3p is previously shown to promote cell proliferation 42 

and migration in a gastric carcinoma cell line by targeting DKK1 (7). Moreover, another 43 

study showed that EBV-miR-BART10-3p promote metastasis in gastric carcinoma by 44 

activating the canonical Wnt signaling pathway through targeting of adenomatous polyposis 45 

coli (APC) and DKK1 (8). Yan et al. showed that EBV-miR-BART10-3p facilitates 46 

epithelial-mesenchymal transition and promotes metastasis of nasopharyngeal carcinoma by 47 

targeting BTRC (9). They also showed that EBV-miR-BART10-3p was highly expressed in 48 

NPC tissues, as compared to adjacent non-tumor nasopharyngeal epithelial (NPE) tissues. 49 



Our group has previously shown that EBV-miR-BART10-3p  is elevated in colon cancer 50 

tissue compared to adjacent normal tissue (4). Despite several studies showing that miR-51 

BART-10-3p can target specific human genes, the extent of such host gene targeting is still 52 

unclear, and only a few of the predicted targets are likely to be functional. 53 

 54 

Here, we aimed to identify and validate human target genes of EBV-miR-BART10-3p in 55 

colon cancer. We over-expressed EBV-miR-BART10-3p in two colon cancer cell lines, 56 

SW620 and LS411N, by transfecting EBV-miR-BART10-3p mimics. Global changes in gene 57 

expression were evaluated by RNA-seq following EBV-miR-BART10-3p transfection. Two 58 

candidate genes, CCND1 and MAT2B were further validated using reporter vector systems 59 

and were shown to be direct targets of EBV-miR-BART10-3p. Together, the study identifies 60 

several putative EBV-miR-BART10-3p targets in colon cancer.  61 

 62 

Results 63 

 64 

Over-expression of miR-BART-10-3p shows major changes in gene expression in colon 65 

cancer cell lines 66 

 67 

Our group has previously shown that miR-BART-10-3p is over-expressed in colon cancer 68 

tissue compared to adjacent normal tissue from early stage colon cancer patients (4). Here, 69 

we wanted to identify and validate novel human targets of the miRNA miR-BART-10-3p by 70 

over-expressing the miRNAs in human colon cancer cell lines and investigate changes in 71 

RNA expression. The miRNA miR-BART-10-3p was over-expressed in the two colon cancer 72 

cell lines SW620 and LS411N using artificial miRNA mimics, and mRNA-sequencing 73 



(mRNA-seq) was performed and gene expression changes were compared between samples 74 

transfected with miR-BART-10-3p and non-targeting control miRNA mimic.  75 

 76 

A principal component analysis of the mRNA-seq data showed clear grouping of miR-77 

BART-10-3p transfected cells and negative control transfected cells, for both cell lines 78 

(Figure 1A). Principal component 1 (PC1) separated the two groups indicating that the major 79 

changes in the data were due to the transfection of miRNA mimics. 80 

 81 

In LS411N, 539 genes were significantly differentially expressed between miR-BART-10-3p 82 

and non-targeting control transfected cells, of which 336 were up-regulated and 203 were 83 

down-regulated (Figure 1B). In SW620, 87 genes were significantly differentially expressed, 84 

of which 50 were up-regulated and 37 were down-regulated (Figure 1B). 21 genes were 85 

differentially expressed in both cell-lines, of which 15 genes were significantly 86 

downregulated in both cell lines, five were significantly up-regulated in both cell lines, and 87 

one gene (ALS2CL) was significantly up-regulated in LS411N and significantly down-88 

regulated in SW620 (Figure 1B-D). Of the genes that were differentially expressed in both 89 

LS411N and SW620, six genes were up-regulated in both cell lines and 15 genes were down-90 

regulated in both cell lines (Figure 1E). 91 

 92 

Next, we investigated if genes that were consistently up-or down-regulated in the two cell 93 

lines were related to specific biological processes. Since only 21 genes were commonly 94 

differentially expressed between the two cell lines, we also considered genes that were 95 

significant before multiple testing. We detected no enriched gene ontology term among the 96 

76 genes that were commonly down-regulated between the two cell lines, however, among 97 

the 80 genes that were commonly up-regulated we detected enrichment of biological 98 



processes related to cell-adhesion, cell-junction, wound healing and several other similar 99 

terms (Figure 1F).  100 

 101 

 102 

 103 

Figure 1: Overexpression of miR-BART-10-3p in SW620 and LS411N colon cancer cells. 104 

A) PCA plot of the gene expression results showing miR-BART-10-3p transfected cells and 105 

negative control transfected cells in LS411N and SW620. B) Venn diagram showing the 106 

number of up-regulated (red) and down-regulated (blue) genes in LS411N and SW620 upon 107 

transfection of miR-BART-10-3p. C) Volcano plot showing of the significantly differentially 108 
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expressed genes from the RNA-seq in LS411N cells. The y-axis shows the inverted 109 

benjamini hochberg adjusted p-value (-log10) and the x-axis shows the log2 fold change 110 

between miR-BART-10-3p transfection and negative control transfection. Genes with 111 

adjusted p-value less than 0.01 are indicated with gene names D) Similar as in C) for the cell 112 

line SW620. E) Scatterplot showing log2 fold change values of genes differentially expressed 113 

in both LS411N and SW620 and changing in the same direction in both cell lines. F) Gene 114 

ontology analysis (biological processes) of genes commonly up-regulated in both LS411N 115 

and SW620 before multiple testing. The plot is ordered by q-value from ClusterProfiler.  116 

 117 

 118 

Human genes MAT2B and CCND1 are direct targets of miR-BART-10-3p 119 

 120 

Having shown that several genes are differentially expressed upon miR-BART-10-3p over-121 

expression, we wanted to focus on potential mRNA-targets of miR-BART-10-3p. To identify 122 

potential miR-BART-10-3p targets we used the TargetScan algorithm to find genes with 123 

predicted sites for the 6-nts seed region of miR-BART-10-3p. First, using conserved 124 

predicted target sites from TargetScan (see Methods) we identified 395 genes with conserved 125 

target sites of miR-BART-10-3p of which 238 genes were identified in our RNA-seq 126 

experiment. Four of these genes were significantly down-regulated in both cell lines and one 127 

gene (JAG1) was significantly up-regulated in both cell lines (Figure 2A). Next, we looked at 128 

non-conserved targets predicted by TargetScan and detected 4818 genes in the RNA-seq data 129 

that were predicted targets of miR-BART-10-3p. 15 of these genes were significantly down-130 

regulated in both cell lines and three genes were significantly up-regulated in both cell lines 131 

(Figure 2A). Of note, all genes that contained conserved target sites also contained additional 132 



non-conserved target sites. No enriched gene ontology terms were detected for genes that 133 

were consistently up- or down-regulated and predicted targets. 134 

 135 

Next, we selected the genes CCND1 and MAT2B  for further functional validation. The 136 

genes were selected based on their consistent changes in both cell lines and because both 137 

genes had strong predicted target sites in TargetScan. Moreover, both CCND1 and 138 

MAT2B are implicated in cancer (see Discussion). CCND1 encodes the cyclin D1 protein 139 

which is a key protein in cell cycle regulation (10). MiR-BART-10-3p has two TargetScan 140 

predicted target sites within the 3’UTR of CCND1, one 8mer and one 6-mer site 141 

(Supplementary table 1). MAT2B has two predicted non-conserved target sites within its 142 

3’UTR (one 8mers and one 7mer) and one conserved 8mer (Supplementary table 2). First, we 143 

validated the RNA-seq data by over-expressing miR-BART-3p in the SW620 cell line and 144 

measuring the mRNA level of CCND1 and MAT2B  by real-time qPCR (rt-qPCR). We 145 

observed a significant down-regulation of both CCND1 and MAT2B upon miR-BART-10-3p 146 

transfection compared to the negative control miRNA (Figure 2B). Next, we wanted to 147 

validate direct targeting between miR-BART-10-3p and CCND1 and MAT2B by 148 

constructing luciferase plasmids containing either the whole 3’UTR of the genes or the 149 

specific target sites only. First, the whole 3’UTR of CCND1 and MAT2B were cloned in the 150 

LightSwitch reporter vector which were co-transfected into SW620 cells together with miR-151 

BART-10-3p mimics and negative control miRNA mimics. Both CCND1 and MAT2B were 152 

significantly down-regulated when co-transfected with miR-BART-3p compared to co-153 

transfections with negative control miRNA mimics (Figure 2C). Next, we wanted to validate 154 

the exact target sites of miR-BART-3p within the 3’UTRs or CCND1 and MAT2B. We 155 

utilized the Dual-Luciferase Reporter Assay System and created one vector containing the 156 

MAT2B 8-mer target sites and one vector containing the 8-mer target site of CCND1 (Figure 157 



2D). We observed significant down-regulation of both the MAT2B and the CCND1 genes 158 

indicating that miR-BART-10-3p is a direct target of these two genes by targeting the 8mer 159 

sites (Figure 2E). In summary, we show that the expression of both CCND1 and MAT2B are 160 

reduced upon miR-BART-10-3p transfection.  161 

 162 

 163 
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Figure 2: Validation of MAT2B and CCND1 targets. A) Log2 fold change values for genes 164 

with consistent changes in gene expression in SW620 and LS411N that are predicted by 165 

TargetScan to contain either conserved or non-conserved target sites, or both types of target 166 

sites. B) Expression of CCND1 and MAT2B as measured by rt-qPCR upon transfection of 167 

miR-BART-10-3p mimics and non-targeting control mimics in SW620 cells. The aesthetics 168 

indicate significance (p<0.05) from a one-tailed student’s t-test compared to non-targeting 169 

control mimics. The error bars indicate standard deviation from three biological 170 

replicates.  C) Normalized luciferase activity of lightswitch vectors containing either the 171 

3’UTR of CCND1 or MAT2B upon co-transfection of the lightswitch vectors and miR-172 

BART-10-3p mimics or non-targeting control mimics in SW620 cells. The aesthetics indicate 173 

significant down-regulation (p<0.05) of vectors co-transfected with miR-BART-10-3p 174 

mimics compared to vectors co-transfected with non-targeting control mimics. The error bars 175 

indicate standard deviation from three biological replicates. D) Illustration of the predicted 176 

TargetScan 8mer sites within the 3’UTR of  CCND1 and MAT2B that were validated as 177 

functional target sites. E) Normalized Renilla/Firefly activity of PsiCheck-2 vectors 178 

containing either the 8mer site of CCND1 or MAT2B upon co-transfection of the PsiCheck-2 179 

vector and miR-BART-10-3p mimics or non-targeting control mimics in SW620 cells. 180 

Aesthetic and error bars as explained in C).  181 

 182 

 183 

Discussion 184 

In the current study we aimed to validate predicted human targets of the EBV miRNA miR-185 

BART-10-3p in colon cancer. The performed transfection experiments with miR-BART-10-186 

3p mimics in colon cancer cell lines followed by RNA-seq to investigate changes in predicted 187 

target genes. Interestingly, we found that genes that showed significant changes in expression 188 



in both cell lines upon miR-BART-10-3p transfection, were more often down-regulated, 189 

indicating that miR-BART-10-3p has negative effect on gene expression, as expected in miR-190 

BART-10-3p function as a miRNA in human host cells. When we looked at genes predicted 191 

to be targeted by miR-BART-10-3p, only three genes were up-regulated and 15 down-192 

regulated. Genes that show significant down-regulation that were not predicted to be targets 193 

could still be targeted by miR-BART-10-3p as the prediction algorithms do not predict all 194 

potential targets. However, we do observe some up-regulated genes, both genes predicted to 195 

be targeted by miR-BART-10-3p and genes not predicted to be targeted. These changes could 196 

be explained by indirect effects of miR-BART-10-3p, for instance that miR-BART-10-3p 197 

down-regulates negative regulators of these genes.  198 

 199 

For the validation of CCND1 and MAT2B we chose to include reporter vectors containing 200 

both the full-length 3’UTR and a short region spanning only the predicted target site. Since 201 

both CCND1 and MAT2B were predicted to bind multiple sites, we chose to validate the 202 

strongest target site type as predicted by TargetScan, in this case an 8mer site for both 203 

CCND1 and MAT2B. By using reporter vectors with the whole 3’UTR we can validate the 204 

interaction between miR-BART-10-3p and the genes as it takes place in the cells, which 205 

could include more target sites than those predicted by TargetScan. Further, by creating 206 

reporter vectors with the exact target site only, we limit potential effects from other miRNAs 207 

binding to the same 3’UTR and are able to validate the exact target site. However, the 208 

disadvantage of using reporter vectors with only the target site is that potential secondary 209 

structures important for targeting will not be present. 210 

 211 

The EBV miRNA miR-BART-10-3p has been suggested to promote cell proliferation in 212 

gastric carcinoma and to facilitates epithelial-mesenchymal transition and promote metastasis 213 



of nasopharyngeal carcinoma by targeting the genes DKK1 and BTRC, respectively ((7, 9)). 214 

In our study, we identify the cell cycle gene CCND1 as target of miR-BART-10-3p. Since 215 

CCND1 is regarded as a proto-oncogene, down-regulation of CCND1 by miR-BART-10-3p 216 

could imply that miR-BART-10-3p acts as a tumor-suppressor, by reducing expression of 217 

CCND1. Furthermore, MAT2B is also shown to promote proliferation in other cancers ((11, 218 

12) further suggesting that miR-BART-10-3p acts as a tumor-suppressor by down-regulating 219 

MAT2B. However, it should be noted that the net effect of miR-BART-10-3p on gene 220 

expression in colon cancer is not fully investigated in this study and other interactions could 221 

potentially be more important in promoting tumor growth. However, our results at least 222 

suggest that miR-BART-10-3p could have tumor-suppressor effects in colon cancer.  223 

 224 

Overall, this study is the first to investigate global changes in gene expression upon miR-225 

BART-10-3p over-expression in colon cancer. We identify several potential human targets of 226 

miR-BART-10-3p and successfully validate two novel target genes.  227 

 228 

Methods 229 

 230 



Cell culture of LS411N and SW620 cells 231 

The cell line LS411N (ATCC® CRL-2159™) was grown in RPMI-1640 medium modified to 232 

contain L-glutamine and sodium bicarbonate. The medium was supplemented with 10% fecal 233 

bovine serum (FBS), 1% Penicillin-Streptomycin and L-glutamine. The cell line SW620 234 

(ATCC® CCL-227™) was grown in Dulbecco’s Modified Eagle’s Medium (DMEM) 235 

modified to contain 4500 mg/L glucose, L-glutamine, sodium pyruvate, and sodium 236 

bicarbonate. The medium was supplemented with 10% FBS, 1% Penicillin-Streptomycin and 237 

L-glutamine. 238 

 239 

RNA-sequencing experiments 240 

The colon cancer cell lines SW620 and LS411N were transfected in three biological 241 

replicates with miR-BART10-3p mimic (ThermoFisher #4464066/MC12577) and negative 242 

miRNA mimic (mirVana™ miRNA Mimic, Negative Control #1, #4464058) in 6 well plates 243 

for 24h followed by RNA isolation using the Total RNA Purification Kit from Norgen Biotek 244 

(#17200). The RNA was used for library preparation using  SENSE mRNA-Seq Lib Prep Kit 245 

V2 Illumina from Lexogen (#001.96). The libraries were sequenced on a NEXTSeq 500 flow 246 

cell using 75bp single read. 247 

 248 

Real-time quantitative PCR 249 

The real-time qPCR (rt-qPCR) reactions were carried out on a Step One Plus Real-Time PCR 250 

system (Applied biosystems) with TaqMan Universal Master Mix II (Applied Biosystems) 251 

and TaqMan Gene Expression assays for CCND1 (#Hs00765553_m1), MAT2B 252 

(Hs00203231_m1) and actin as housekeeping control (#Hs99999903_m1). All rt-qPCR 253 

experiments were performed on SW620 cells. The cells were then transfected with miR-254 

BART10-3p (ThermoFisher #4464066/MC12577) or a negative miRNA control (mirVana™ 255 



miRNA Mimic, Negative Control #1, #4464058) by using Lipofectamine RNAiMAX 256 

(InvitrogenTM) according to the manufacturer’s instructions. After 24 hours of incubation, 257 

the cell suspensions were trypsinized, resuspended in a 1.5 mL tube with PBS, and then 258 

centrifuged at 4000 x g for 5 minutes. Cell pellets were frozen and kept at -20 ℃ until use for 259 

RNA isolation. All rt-qPCR-reactions samples were loaded in triplicate. qPCR analysis was 260 

performed on the StepOne™ Real-Time PCR System (Applied Biosystems) under the 261 

following reaction conditions: 95 °C for 10 minutes for polymerase activation, followed by 262 

40 cycles of 95 °C for 15 seconds and 60 °C for 1 minute. The fold change of SW620 treated 263 

with miR-BART10-3p versus negative miRNA was determined using the 2−ΔΔCt (Livak) 264 

method. 265 

 266 

Luciferase assays 267 

Pre-cloned 3’UTR GoClone vector were purchased from Switchgear Genomics that includes 268 

one optimized luciferase gene, Renilla (RenSP), and a coding region for the β-lactamase 269 

resistant gene (Ampr), and whole 3’UTR inserts (MAT2B: #S807438; CCND1: #S813994). 270 

The inserts of the entire 3’UTR of CCND1 and MAT2B are 3400 bp and 1065 bp 271 

respectively and are cloned downstream of the luciferase gene. The 3’UTR GoClone 272 

vector  (100ng) and mimics (100 nM) were co-transfected in SW620 cells using 273 

DharmaFECT® Duo Transfection Reagent (#T-2010-02) in a 96 well plate with 100uL 274 

media, and incubated for 24h followed by addition of LightSwitch Luciferase Assay Reagent 275 

and luminescence measurements on a plate luminometer. The degree of knockdown was 276 

measured as the ratio of miR-BART10-3p mimic (ThermoFisher #4464066/MC12577) 277 

transfected cells and negative miRNA mimic (mirVana™ miRNA Mimic, Negative Control 278 

#1, #4464058) transfected cells.  279 

 280 



Construction of the psiCHECK™-2 vector (Promega) with target-site inserts (see 281 

supplementary for sequence information) of the CCND1 8mer and MAT2B 8mer site is 282 

performed using the following steps: restriction cutting of psiCHECK™-2 vector, PCR 283 

cleanup or gel extraction of restriction cut psiCHECK™-2 vector, ligation of psiCHECK™-2 284 

vector and CCND1 target site insert, transformation by heat shock using DH5-alpha cells, 285 

and verification of inserts by sanger sequencing. The inserts were ordered as DNA oligos 286 

from idtDNA. The co-transfection of the psiCHECK™-2 vector containing the target sites 287 

were performed as described for the 3’UTR GoClone vector above,  in SW620 cells, 288 

followed by luminescence measurements using the Dual-Luciferase® Reporter Assay System 289 

protocol (Promega, #E1910).  290 

 291 

Data analysis and statistics 292 

The sequencing data was aligned to the human genome (GRCh38.p7 from NCBI) using 293 

STAR aligner (13) with the parameter: --readFilesCommand zcat --outFileNamePrefix $* --294 

chimSegmentMin 30 --runThreadN 12 --alignSJoverhangMin 8 --alignSJDBoverhangMin 1 -295 

-outFilterMismatchNmax 10 --outFilterMultimapNmax 20 --outFilterMismatchNoverLmax 296 

0.04 --alignIntronMin 20 --alignIntronMax 1000000.  Reads were counted using htseq-count 297 

(14) with parameters: -s no -i Parent -t exon, using the corresponding GFF file of the 298 

GRCh38.p7 genome.  299 

 300 

The sequencing data was analyzed in R using limma-voom. P-values were adjusted using the 301 

Benjamini-hochberg method. We required genes to be expressed with at least 1 count per 302 

million (cpm) in 50% of the samples. TargetScan (15) files were downloaded from 303 

TragetScanHuman release 7.2 (http://www.targetscan.org/vert_72/) and analyzed in R. The 304 

seed sequence of miR-BART10-3p was used to predict targets. Gene ontology-analyses were 305 



performed in R using ClusterProfiler (16). Expressed genes were used as background in the 306 

Gene ontology-analyses. For the rt-qPCR and luciferase experiments, the p-values were 307 

calculated from three biological replicates using one-tailed student’s t-test.  308 

 309 

 310 

 311 

 312 
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