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SUPPLEMENTARY MATERIALS AND METHODS 

Mouse models 

All animal experiments were performed in accordance with ethical guidelines on animal care, 

and as directed by the Hannover medical school (MHH) and the approved animal protocol. 

Animals were housed in the MHH-Twincore animal facility. Animal care staff provided routine 

husbandry procedures and daily care. The animals were maintained with access to water and 

standard or doxycycline-containing food, ad libitum. All experimental animals were closely 

monitored for their general health status.  

 

LT2/MYC mice: Tissues from tumors and regressing liver tumors from adult conditional 

double transgenic doxycycline-regulatable LT2/MYC mice were collected (1) and used for the 

microRNA analyses done in this study. Additionally, to determine the therapeutic effect of the 

tumor suppressor miRNA, miR-342-3p on tumor development in vivo, both short-term and 

survival studies were carried out in LT2/MYC mice. Briefly, adult conditional doxycycline-

regulatable LT2/MYC mice that were off the doxycycline diet for 6-7 weeks were injected 

intravenously with 5*1010 v.p of AAV8-miR-342-3p or with AAV8-Control viruses. Two weeks 

following the injections, mice were sacrificed and liver tumor tissue and adjacent non-tumor 

liver tissues were collected for downstream analyses. 

 

LT2/RAS mice: Adult, conditional doxycycline-regulatable LT2/RAS mice that were off the 

doxycycline diet for 4 weeks, were injected intravenously with 5*1010 v.p of AAV8-miR-342-3p 

or with AAV8-Control viruses. Mice were sacrificed two weeks after AAV administration, and 

liver tumor tissues were collected for downstream analyses. These mice develop tumors 

earlier than the LT2/MYC model (2). The tumors from both models are very different from 

each other at the phenotypic and molecular levels. 



 3 

 

BALB/cAnNRj-Foxn1 nu/nu (Balb/c nude) mice: 8-12 weeks old immunodeficient Balb/c nude 

mice (Janvier Labs) were used for all the xenograft studies. Mice were injected 

subcutaneously on their flanks each with 1 X 106 LV_Control or LV_342 Huh7 stable cells. 

Subcutaneous tumor development was monitored and tumor volumes were measured daily 

until a volume of 250mm3 was reached, for at least 2 mice. This was determined as the 

endpoint of the experiment. The mice were sacrificed and tumor tissue was collected for 

multiple downstream analyses. Similarly, 1 X 106 LV_Control Huh7 stable cells were injected 

subcutaneously in the flanks of Balb/c nude mice and monitored for tumor development. Mice 

were then injected intratumorally with 5*1010 v.p of AAV8-miR-342-3p or with AAV8-Control 

viruses to determine the therapeutic efficacy of miR-342-3p delivery in an independent mouse 

model of HCC.  

 

MicroRNA expression profiling 

We performed global microRNA expression profiling on liver tumors from LT2/MYC mice 

during the stages of liver tumor progression and regression. For miRNA microarrays, total 

RNA was extracted from the tissues using the mirVana™ miRNA Isolation Kit (ThermoFisher 

Scientific). RNA concentration of the DNase treated (Ambion DNase I (RNase-free), 

ThermoFisher Scientific) samples was determined using a Nanodrop and sent to the 

MicroRNA Array Services, Exiqon for quality control with a Bioanalyser 2100 followed by 

miRCURY™ LNA Array microRNA profiling. Briefly, the samples were labeled using the 

miRCURY LNA™ microRNA Hi-Power Labeling Kit, Hy3™/Hy5™ and hybridized on the 

miRCURY LNA™ microRNA Array (6th gen - hsa, mmu & rno). Normalization of the 

background corrected quantified signals was performed using the global Lowess regression 

algorithm. Both unsupervised as well as supervised data analyses were then carried out. 
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Gene expression profiling 

Total RNA from Huh7 cells treated with miR-342 mimic or Scramble control was extracted 

with the mirVana™ miRNA Isolation Kit (ThermoFisher Scientific), DNase treated (Ambion 

DNase I (RNase-free), ThermoFisher Scientific) and sent to the Genome Analytics core 

facility at the Helmholtz Center for Infection Research (HZI), Braunschweig, Germany, for 

quality control with an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA) 

followed by global mRNA microarray profiling using the Agilent Whole Human Genome Oligo 

Microarrays (G4112A) platform. The Feature Extraction Software 10.5 (Agilent) was used to 

obtain background subtracted Processed Signal intensities. Raw data were further analyzed 

using R package “Limma”. Raw data were log2 transformed and quantile normalized. 

 

In silico analyses 

Cluster and TreeView programs were used to perform hierarchical clustering and to generate 

heat maps. Gene set enrichment analyses (GSEA) (3) on a subset of genes that play a role in 

monocarboxylate transport, glycolysis, pyruvate metabolism and the TCA cycle, was 

performed using mRNA array data from the miR-342-3p mimic and scramble treated Huh7 

cells). The Xena Functional Genomics Explorer resource (BioRxiv doi: 

https://doi.org/10.1101/326470) was used to analyze the survival probability from the TCGA-

LIHC dataset. The trial version of Omicsoft, Oncoland via array studio (Qiagen) was used to 

generate the two-dimensional PCA plot showing separate clustering of the global miRNA 

expression profiling data from the tumor (T) compared to early regressing tumor (RT) groups. 

Graphpad, Prism was used to generate most of the graphs and the Kaplan-Meier analyses. 

Microsoft Excel or Graphpad, Prism were used to calculate significance.  
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Generation of miR-lentiviral and adeno-associated viral plasmids 

The miR-342 sequence was PCR amplified from HepG2 genomic DNA with primers designed 

to also contain specific restriction sites, and cloned into an LV-SFFV-IRES-dTomato lentiviral 

expression plasmid to obtain the respective LV-miR-342 plasmid or an LV_Control for the 

purpose of lentivirus production and stable cell line generation. Additionally, lentiviral plasmids 

(pLenti-CMV-GFP-PuroR) for all tumor suppressor miRNA candidates were also obtained 

from ABM Good. The miR-342 sequence was also similarly cloned into an AAV plasmid with 

a liver specific transthyretin promoter to obtain the AAV-TTR-miR-342 or AAV-TTR-Control 

plasmids, for subsequent AAV production for in vivo experiments. The cloned plasmids were 

validated by transient transfections in Huh7 cells followed by fluorescence microscope 

validation of dTomato or GFP expression, when applicable, and miRNA expression by 

quantitative polymerase chain reaction (qPCR) with the miRNA-specific TaqMan probes 

(Applied Biosystems, ThermoFisher Scientific). Plasmid megapreps (Endo-free megaprep kit, 

Qiagen) were then done to get sufficient amounts of the plasmids for virus production.  

 

Lentivirus production 

HEK 293T cells were cultured in DMEM (4.5g/ml glucose) supplemented with 10% heat-

inactivated FBS and 1% Penicillin/Streptomycin and 10mM HEPES, at 37°C and 5% CO2. 

The lentiviral helper plasmids were kindly provided by Prof. Axel Schambach and were 

produced by Plasmid factory (Germany). 4.5x106 293T cells were seeded in 10cm cell culture 

dishes and transfected when cells were 80% confluent. Briefly, two hours prior to transfection, 

transfection media was freshly prepared with Chloroquine and the medium replaced with 10ml 

per dish. The Calcium Phosphate Transfection Kit (Invitrogen, ThermoFisher Scientific) was 

used. A mix of the expression plasmid and helper plasmids was diluted with dH2O and 2M 

CaCl2 and added in a drop-wise manner to 2X HBS while aerating the solution. Following 20 
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min incubation at room temperature (RT), this mix was then added to the cells in a drop-wise 

manner and the plates were gently swirled. Plates were incubated at 37°C. Media was 

replaced approximately 12 hours later with media containing HEPES, but without chloroquine. 

The supernatant was collected 39h and 63h after transfection, and replaced with 10mL fresh 

medium including HEPES. Subsequently, the medium that had been collected was filtered 

through a 0.45 micron filter. Supernatants were subjected to ultracentrifugation to concentrate 

the virus, by then re-suspending the pellet with a smaller volume of cold, sterile PBS. Most of 

the virus was then aliquoted and stored at -80, while a small part was used to determine the 

titer. 

 

Adeno-associated virus serotype 8 (AAV8) production  

Adeno-associated virus serotype 8 (AAV8) was produced as previously described (4). Sixty 

percent confluent 293T cells were transfected with 25ug pDP8.ape (Plasmid Factory, 

Bielefeld, Germany) and 25ug pAAV-Ttr-Control or pAAV-Ttr-mir-342 plasmids using the 

calcium phosphate method. Viral titers were determined by quantitative polymerase chain 

reaction (qPCR) using primers targeting the Ttr promoter. 

 

Cell Culture, transfection and stable line generation 

The human hepatoma cell line, Huh7, was used in our study to perform most in vitro gain and 

loss of function analyses, and to generate the stable miRNA and control lines. Huh7 cells 

were cultured in Dulbecco’s modified Eagle’s medium (DMEM, (4.5g/ml glucose)), 

supplemented with 10% heat-inactivated fetal bovine serum (FBS) and 1% penicillin-

streptomycin antibiotics. The cells were maintained in a cell culture incubator at 37°C with 5% 

CO2.  
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Transient Transfections: Modulation of miR-342-3p expression in Huh7 LV_Control or LV_342 

cells was carried out by transient transfection of 100nmol of either the miR-342-3p mimic, 

inhibitor, and miR-negative controls (Scramble) using the Dharmacon 4 Transfection reagent 

(all purchased from Dharmacon). For plasmid DNA transfection, the Lipofectamine 2000 

transfection reagent (Invitrogen, ThermoFisher Scientific) was used. 

Stable line generation: Huh7 cells were transduced with the lentivirus for each LV-miR or 

LV_Control, and sorted for dTomato or GFP, where applicable, by FACS. These were further 

selected with Puromycin to generate cell lines with long-term expression of the specific 

miRNAs. 

 

MicroRNA and gene expression analyses 

Total RNA was extracted using the mirVana™ miRNA Isolation Kit (ThermoFisher Scientific) 

and subjected to DNase treatment (Ambion DNase I (RNase-free), ThermoFisher Scientific). 

MiR-RT reactions were set up with the specific miRNA primers (Applied Biosystems, 

ThermoFisher Scientific) or cDNA was synthesized using the iScript cDNA synthesis kit 

(BioRad), for miRNA or gene expression, respectively. TaqMan miRNA probes were used for 

all microRNAs and the U6 snRNA assay probe was used as the endogenous control along 

with the Universal TaqMan PCR Mastermix (Applied Biosystems, ThermoFisher Scientific) to 

determine miRNA expression. Primers were designed for most genes to be used for qPCR 

with the SYBR green Mastermix (Applied Biosystems, ThermoFisher Scientific). All qPCRs 

were carried out on a Light cycler (Roche). 2-ddCt method of relative quantification was used. 

 

In vitro loss and gain of function assays 

WST-1 assay: was performed to determine cell proliferation and viability according to the 

manufacturer’s protocol (Roche). 1x104 cells per well of 12-well plates were seeded with the 



 8 

respective cell line. The following day, media was replaced with 400μL of a solution 

containing the 1:10 diluted WST-1 reagent in media. Following incubation for 2h in the 37°C 

cell culture incubator, the supernatants were transferred to 96-well plates in multiple 

replicates. Absorbance was measured at 450nm and at 640nm (reference) using the 

Synergy™ 2 Multi-Mode Microplate Reader (BioTek, Agilent). 

 

Wound healing assay: Cell migration was studied using cell culture inserts (Ibidi) containing 

two chambers divided by a 500μm separator (wound). 1.5 X 104 cells in a 70ul media volume 

were seeded per chamber, which in turn were placed within individual wells of 6-well plates. 

Multiple replicates for each cell line (at least n=3) were seeded. Following an overnight 

incubation, to allow the cells to form a uniform single cell layer, the inserts were carefully 

removed without disturbing the cell layer. Following a PBS wash, media was replaced. The 

rate of cell migration was then monitored and pictures were taken at different time points 

following insert removal. Additionally, where applicable, fluorescence images were also taken. 

ImageJ was used to calculate either the wound width or, in case of fluorescence images, to 

calculate the raw integrated densities within the wound area. 

 

Colony forming assay: Soft agar colony forming assays were performed based on standard 

protocols. Briefly, 1 X 104 cells were seeded per well in 6-well plates over a bottom layer of 

2mL of solidified 1% low-melt agar in FBS- and antibiotic-free medium (DMEM, Thermo 

Fisher). The plates were placed at 37°C and two weeks later, colonies were quantified either 

by direct counting of colony numbers or by determining fluorescence intensities, using 

ImageJ. 
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Annexin V staining: Cultured cells were harvested and the APC Annexin V Apoptosis 

Detection Kit (Biolegend), was used, as per the manufacturer’s protocol. The stained cells 

were analyzed by flow cytometry on an LSRII (BD Biosciences). Analyses of the results was 

done with the FlowJo software.  

 

Luciferase assay 

Luciferase assay with the wild-type and mutated miR-342-3p binding site on MCT1 3’-UTR: 

The sense and antisense fragments of the human MCT1 3’-UTR containing either the wild-

type or the mutated miR-342-3p binding site were separately synthesized (Sigma). The 

respective sense and corresponding antisense strands were hybridized and cloned into the 

pmirGLO Dual-Luciferase vector (Promega) at the SacI and XbaI sites. 1 X 104 Huh-7 cells 

were seeded per well, in a 96-well plate, and co-transfected with either the pmirGLO vector, 

pmirGLO-MCT1-WT, or the pmirGLO-MCT1-MUT, and the miR-342-3p mimic, using the 

Dharma FECT Duo transfection reagent (Dharmacon). The cells were lysed 48h after 

transfection, and luciferase activity was detected using the Dual-Glo luciferase assay kit 

(Promega). Luminescence was measured using a Synergy 2 Multi Detections Reader and the 

Gen5 software (BioTek). 

 

Western blot 

Protein was extracted using a cocktail containing the cell lysis buffer (Cell Signaling), 

protease inhibitor (Roche), and the HALT phosphatase inhibitor (ThermoFisher Scientific). 

Protein was quantified using the Pierce™ BCA Protein Assay Kit (ThermoFisher Scientific). 

Western blot to determine protein expression was performed with 40μg of protein per sample 

loaded onto TruPAGE Precast Gels 4-12% (Sigma) followed by a wet transfer onto a 

nitrocellulose membrane. Blocking was performed for 1h at room temperature (RT) using 1x 
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TBST containing 5% non-fat dry milk powder (Carl Roth). The respective primary antibodies 

were diluted as per the manufacturer’s recommendation and incubated at 4°C overnight with 

the membrane. Following multiple TBS-T washes, the membrane was then incubated at RT 

for 1h with a suitable secondary antibody diluted as per the manufacturer’s recommendation 

(usually at a dilution of 1:10000). Subsequently, following incubation with the PierceTM ECL 

Western Blotting Substrate (ThermoFisher), blots were developed in a dark room, on a 

Hyperfilm (Kodak) using developer and fixer (Adefo). Antibodies used for western blots 

include c-Myc (c-Myc [Y69], abcam, (ab32072)), MCT1/SLC16A1 (Novus Biologicals, NBP1-

59656), and Vinculin (Monoclonal Anti-Vinculin Clone hVIN-1, Sigma, V9131). 

 

Histology and staining 

Tissue sections from LT2/MYC established tumors or regressing tumors, and from the 

xenograft tumors were stained using a standard hematoxylin and eosin (H&E) protocol. 

Tumor morphology and tissue histology were examined. TUNEL, to detect apoptotic cells, 

was performed with the ApopTag Peroxidase In Situ Apoptosis Detection Kit (Millipore). All 

tissue staining was performed on formalin-fixed, paraffin embedded, 5 um tissue sections. 

Ki67 staining was performed using both immunofluorescence (on cells) and 

immunohistochemical (on tissues) methods. Ki67 antibody (Ki67, SP6, Catalog # MA5-14520, 

ThermoFisher). 

 

Metabolic assays 

Lactate assays: Intra- and extracellular lactate was measured using the Lactate-Glo™ Assay 

kit (J 5021, Promega), as per the manufacturer’s instructions. DMEM media (A1443001, 

Thermo Fisher) without phenol red was supplemented with D-glucose (to obtain a final 

concentration of 4.5g/L), 2mM L-Glutamine, and 10% dialyzed Fetal Bovine Serum 
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(A3382001, Thermo Fisher). 1.2x104 Huh7 LV_Control or LV_342 cells were seeded in 96-

well plates to perform the assays. Twenty-four hours post seeding, cells were treated with 

1uM of either AR-C141990 hydrochloride or UK-5099 or mock treated. AR-C141990 

hydrochloride or UK-5099 stocks (both from TOCRIS, R&D) were reconstituted as per the 

manufacturer’s instructions and subsequently filter sterilized before use. The lactate assays 

were performed 24h after the treatments. Luminescence was measured in a Synergy 2 Multi 

Detections Reader and the Gen5 software (BioTek). 

 

Glucose uptake assay: Two independent methods were used to determine glucose uptake in 

Huh7 LV_Control or LV_342 cells. The Glucose Uptake-Glo™ Assay (J1341, Promega) was 

carried out following the manufacturer’s instructions. Luminescence was measured in a 

Synergy 2 Multi Detections Reader and the Gen5 software (BioTek). 

The second approach was the 18-FDG Uptake assay. Briefly, 3 x 105 Huh7 LV_Control or 

LV_342 cells were seeded per well in a 6-well plate in DMEM maintenance medium for 48h 

(n=6 wells/group). Cells were then washed with PBS and fresh serum-, glucose-, and phenol 

red-free media without antibiotics was added to starve the cells for 2h. The 18-FDG uptake 

assay was then performed with Dr. James Thackeray at the Department of Nuclear Medicine, 

MHH. 250 kBq FDG diluted in glucose-free medium was added to each well. The wells were 

gently mixed, and incubated at 37° for 60min. After incubation, the cells were rapidly washed 

twice with ice-cold PBS to remove any excess not internalized by the cells. RIPA buffer was 

then used to lyse the cells. Lysates were then transferred to PCR tubes and counted in a 

gamma counter (decay-corrected) along with a 10% dilution of the initial dose (10uL of the 

stock activity). This would enable calculation of the % uptake for each well. The lysates were 

frozen at -20 overnight. Protein content was then determined by the BCA assay, to allow 

normalization between wells. 
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ECAR and OCR: The Extracellular Oxygen Consumption Assay (abcam, ab197243) and the 

Glycolysis Assay [Extracellular acidification] (abcam, ab197244) were carried out with Huh7 

LV_Control or LV_342 cells as per the manufacturer’s instructions. The fluorescence readout 

was measured using a microplate reader. 

 

Statistical analyses 

Significance was determined with the two-tailed Student’s t test for comparison of 2 groups. 

All p <0.05 values were considered significant. The Kaplan-Meier analysis was used for the 

survival studies. Log-rank (Mantel-Cox) Test was used to compare the survival curves 

between the treatment groups. Error bars represent ± standard error of the mean (SEM). 

 

Data availability 

The accession numbers for the miRNA expression array data (Exiqon) and the gene 

expression profiling data (HZI) are NCBI GEO: GSE152920 and GSE152950.  
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SUPPLEMENTARY FIGURES AND LEGENDS 
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Supplementary Fig.1. (A) Graph showing quantification of relative c-MYC protein expression 

in tumors from mice just one day following the addition of doxycycline to their diet to suppress 

c-MYC, compared to established tumors from mice that were 10 weeks off doxycycline. The 

undetectable c-MYC expression in the regressing tumor indicates a tightly regulated tet-off 

system. A representative immunoblot with protein from tumors from 3 mice per time point is 

shown. Densitometry based relative protein quantification was carried out with ImageJ. (B) 

Heatmap showing hierarchical clustering of the 100 most significantly deregulated miRNAs 

between the tumor (T) and early regressing tumor (RT) samples from the global miRNA 

expression profiling microarrays. The four selected tumor suppressor miRNA candidates are 

each marked with an asterisk. (C) qRT-PCR-based determination of basal expression of four 

candidate tumor suppressor miRNAs in the hepatoma cell lines, Huh7, HepG2, HepaRG and 

SNU182, to identify the cell line with the lowest endogenous candidate miRNA expression 

that would be suitable for in vitro gain of function studies, is shown. Data are mean±SEM; 

two-tailed Student’s t-test. *, P<0.05, **, P<0.005, ***, P<0.0005. (D) Immunoblot for MCT1 

protein expression in normal human hepatocytes and the same human HCC cell lines in 

panel C. (E) A clear inverse correlation between miR-342-3p expression and MCT1 protein 

expression was found, as seen in the correlation matrix. r=-0.56. 
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Supplementary Fig.2. (A) Schematic of the LV_342 lentiviral plasmid map. (B) Real-time 

qPCR-based validation of miR-342-3p overexpression in Huh7 LV_342 stable cells compared 

to LV_Control cells and of miR-342-3p knockdown in LV_342 cells treated with miR-342-3p 

inhibitor compared to scramble treated LV_342 cells. Data are mean±SEM; two-tailed 

Student’s t-test. ***, P=0.0008; *, P=0.03. (C) Representative wound healing assay images 

from LV_Control scramble, LV_342 scramble, and miR-342-3p inhibitor treated Huh7 LV_342 

cells, 24h post insert removal. Yellow boxes outline the wound area in both treatment groups. 

ImageJ was used to quantify the average 0h subtracted raw integrated densities for each 

group. Higher raw integrated densities in the region of interest indicate increased cell 

migration, as seen in the LV_Control scramble and the miR-342-3p inhibitor treated Huh7 

LV_342 cells. 
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Supplementary Fig.3. MCT1 is a target of miR-342-3p. Heatmap of the most significantly 

downregulated genes in miR-342-3p mimic treated Huh7 cells compared to scramble treated 

Huh7 cells. Amongst these, SLC16A1/MCT1, which is a predicted miR-342-3p target, has a 

potential role in cancer, and is similarly deregulated in our previously carried out mRNA gene 

expression profiling of c-MYC tumor progression and regression array, is shown with an 

arrow.  
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Supplementary Fig.4. Expression of miR-342-3p in individual human HCCs Tumor (T) and 

matched non-tumor (NT) samples, as determined by qPCR, shows lower miR-342-3p 

expression in majority of the tumor samples compared to the matched non-tumor 

counterparts. 
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Supplementary Fig.5. Expression of miR-342 and SLC16A1/MCT1 in the TCGA-LIHC 

database. (A) Graph shows 25.60% of the primary liver tumor samples in the TCGA-LIHC 

data have over 2-fold downregulation of miR-342 expression. (B) Pie chart summarizing the 

proportion of HCC patients with downregulated miR-342-3p expression that also show altered 

c-Myc expression (RNAseq HTSeq FPKM). 42.7% show varying levels of upregulated c-Myc 

expression; 6.25% highly upregulated (>3 FPKM), 16.67% upregulated (between 2 and 3 

FPKM) and 19,79% slightly upregulated (between 1.5 and 2 FPKM). c-Myc was 

downregulated in 8.33% (<-0.5 FPKM) and showed negligible change in over 48% samples 

with downregulated miR-342-3p. (C) Kaplan-Meier survival curve comparing overall survival 

outcomes from the TCGA-LIHC patients with >3.766 SLC16A1 expression (RNAseq HTSeq 

FPKM) in red, (n=182), compared to those with <3.766 expression (RNAseq HTSeq FPKM) in 

blue, (n=183), shows a lower survival probability in patients with higher SLC16A1 expression. 

*, P<0.01. In contrast, a slightly higher survival probability was observed in patients with 

increased >6.440 miR-342 expression in red, (n=181), compared to those with <6.440 

expression blue, (n=185). (D)  A scatter plot shows a significant negative correlation between 

miR-342 and MCT1 in the TCGA-LIHC data. Pearson’s correlation r = -0.129, **, P<0.008. 

(FPKM = Fragments Per Kilobase of transcript per Million mapped reads). 
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Supplementary Fig.6. (A) Effect of miR-342 on glucose uptake, as measured by the 18F-

FDG glucose uptake assay shows a significant decrease in glucose uptake in LV_342 cells 

compared to LV_Control cells. ***, P< 0,0003. (B) Graphs with the average relative 

fluorescence units from ECAR (left) and OCR (right) assays on LV_342 and LV_Control cells 

are shown over time, up to a timepoint of 30 minutes. 
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Supplementary Fig.7. (A) Decreased AST/ALT ratio seen in AAV-342 treated LT2/MYC mice 

compared to AAV-Control mice. *, P< 0,02. (B) Correlation matrix across all three time points 

comparing qPCR of miR-342-3p expression in tumors and MCT1 protein expression, shows a 

negative correlation between miR-342-3p and MCT1. r=-0.52. 
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