
SUPPLEMENTARY MATERIAL AND METHODS 

 

rKSHV.219 or WT KSHV production  

rKSHV.219 was produced from iSLK.219 cells reactivated using 0.2 µg/ml doxycycline and 

1.35mM NaB for 72h.  WT KSHV was produced from TREx BCBL1-Rta(1)  reactivated with 

dox(0.2 µg/ml) for 96h. Supernatant was harvested, spun down (2000 rpm 5min) and sterile 

filtered using 45 µm pore-size filters. Subsequently the supernatant was ultracentrifuged at 

22000 rpm for 2h. The concentrated virus was then aliquoted and stored at -80°C. 

Titers were determined by infecting U2OS cells with serial dilutions of the concentrated virus 

and assessing the amount of GFP+ or LANA+ cells 24h post-infection by automated high-

content microscopy. 

KSHV infection of endothelial cells 

Low passage LECs or BECs (less than six) were grown to semi-confluency and infected at 

MOI of 1.5 and 3, respectively (to achieve the same number of virus-infected cells) by 

spinoculation (450g, 30 min RT) in the presence of 8 µg/ml of polybrene. Media was replaced 

every third day. At 7-9 d.p.i. cells were split at 1:2 or 1:3 ratio and the experiments started after 

additional 2-4 days when cells reached again confluency, organized spindling and RFP 

expression (as a marker of lytic expression) were observed.   

Plasmids and lentivirus constructs 

The following plasmids were used in this study: pAMC Prox1 WT, pAMC Prox1 MUT, pAMC 

(2)); pcDNA ORF50 (3));  pcDNA LANA; pcDNA 3.1 (Thermo Fisher); pGL2-ORF50 (3)); 

pGL2-basic (Promega); pGL3-7XTR and pGL3-OriA+OriLyt (provided by T.F. Schulz, 

Hannover Medical School, Germany) and pGL3-basic (Promega). 



PROX1 WT and PROX1 MUT expressing lentiviruses were described previously (4). The 

control pFuW-myc-NLS-mCherry was generated from the pFuW-myc-BirA-NLS-mCherry (a 

kind gift by R. Kivela, University of Helsinki). SOX18 gene sequence was codon optimized 

and synthesized by GeneArt (Thermo Fisher). The codon optimized SOX18 was cloned in the 

pFuW-myc by Gibson Assembly using as an initial backbone pFuW-myc-NLS-mCherry. 

Backbone and insert were assembled using the NEB HiFi DNA assembly (NEB, E2611).  

Inserts were verified by Sanger sequencing and the integrity of the backbone by restriction 

analysis. 

Plasmids and siRNAs transfections 

DNA transient transfections were performed using Lipofectamine 2000 (Invitrogen) for 

lentivirus preparation (see above) and FuGENE XD (Promega) for luciferase reporter assays 

at a ratio 1µg DNA:4 µl FuGENE XD.  

Transient transfection of siRNA in a semi-confluent culture of LEC was done using 3 µl of 

Lipofectamine RNAiMAX (Invitrogen) and 150pmol siRNA in a 6 well plate and following 

manufacturer instructions. Next day cells were supplied with fresh media. The following 

siRNA -were used: Stealth RNAi™ Prox1-1 and 2 (HSS 108596; HSS 108597); COUPTF2-1 

and 2 (HSS 1299001; HSS 1299002); and Stealth RNAi™ Negative Control (HSS 12935200) 

from Invitrogen; ON-TARGETplus SOX18 siRNA (L-019035-00); ON-TARGETplus Non-

targeting pool siRNA (D-001810-10) from Dharmacon and pre-designed SOX18 siRNA 

(109098) from Ambion. In Fig.3 PROX1 and COUPTF2 were silenced using a mix of both 

siRNAs, while siRNA from Ambion was used to silence SOX18. In supplementary Fig. S2, 

experiments using the two independent siRNAs for PROX1 and COUPTF2 and the ON-

TARGETplus siSOX18 from Dharmacon are shown.  

 



Luciferase Reporter assay 

2.5x105 HEK293FT/ml were plated in 24well plates (500ml/well). Next day each well was 

transfected using FuGENE XD (Promega) with 0.1 µg of reporter plasmid (or the 

corresponding vector controls), 0.25 µg of RTA (or the corresponding vector control), 0.25 µg 

of the plasmid of interest (PROX1 WT or MUT). Alternatively, HeLa cells were transfected 

with 0.1 µg of reporter plasmid (or the corresponding vector controls), 0.2 µg of LANA (or the 

corresponding vector control), 0.25, 0.5 or 1 µg of SOX18-expressing plasmid or the mCherry 

vector control. 32-36h post-transfection cells were lysed in 1Xpassive lysis buffer (Promega). 

Experiments were done at least two times in duplicates, bars represent the average and the error 

bars the SD across the different experiments.  

Co-immunoprecipitation (Co-IP) 

iSLK.219 cells were transduced with Myc-tagged PROX1 (WT or MUT) lentiviral vectors or 

an empty pSIN control vector. 24h later cells were reactivated with 0.2 µg/ml doxycycline and 

one day later cells were lysed in IP buffer (150 mM NaCl, 25 mM tris HCl pH 7,6, 1 mM 

EDTA, 1% glycerol, 0.2% NP-40). Alternatively, KLEC were lysed in IP buffer. 

Pre-cleared cell extracts were incubated with either mouse monoclonal Myc-tag (9B11) (Cell 

signalling Technology 2276; RRID:AB_331783) (1:100) or normal mouse IgG (Santa Cruz 

Biotechnology sc-2025; RRID:AB_737182) (1:100)  or Rabbit anti PROX1 (Proteintech, 

11067-2-AP; RRID:AB_2268804) (1:100) normal rabbit IgG (Rabbit (DA1E) mAb IgG XP 

Isotype Control antibody, Cell Signaling Technology 3900; RRID:AB_1550038) (1:100)  

antibodies O/N at 4°C with gentle rotation and, subsequently, 30 µl of pre-washed Protein G 

sepharose beads (ab 193259, Abcam) were added and incubated for 2h at 4°C with gentle 

rotation. Beads were then washed 3 times in ice-cold IP buffer and the protein complexes 

analysed by western blot.  



HEK293FT transfected as indicated in the manuscript main text for 48h were lysed in IP buffer. 

Cell extracts were incubated with 20ul of pre-washed Strep-tactin sepharose beads, (IBA, 2-

1201-002) for 2h RT with gentle rolling, washed 3 times with ice-cold IP buffer. The protein 

complexes analysed by western blot.  

Experiments were done at least two independent times.  

Primers used for chromatin-immunoprecipitation (ChIP) 

ORF50 -620-850 (F;R) gtggtagagccagcagacgttc; tgtagcgccatctctgccc 

ORF50 -320-610 (F;R) gggtgatttcttctaccacggtcat; ccgagcgtattctcagaggtct 

ORF50 0-320 (F;R) tggcattttgttgcgcgcatgatc; ccgagcgtattctcagaggtc 

OriA1 (F;R) ctccccggcaacaacctg; gggggttatatgcgcgtgc 

OriA2 (F;R) caagcacgcgcatataaccc; gggatatgcttccgcctcat 

OriA3 (F;R) caccgtgttagtgtcaccca; caccgtgttagtgtcaccca 

Orilyt1 (F;R) attcaaagggggcacagagg; atgctgggacagaatagccg 

Orilyt 2 (F;R) tctgtcccagcataggctc; cctgtgcccaaatctgtcct 

Orilyt 3 (F;R) cacgcgggttgtttgaaagt; ccacttgggtgcacagagat 

TR1 (F;R) cataaatattccggatacaaggctcg; gactcctcgcacagtagagagag 

TR2 (F;R) actgacaaacaaaatgcacataacaag; actgacaaacaaaatgcacataacaag 

TR3 (F;R) gaacatcagggatgggtctatgatc; gataaccctcacctaccatggaaat 

TR4 (F;R) gataaccctcacctaccatggaaat; agagctacgagtgtcataaatacaaga 

 



Immunohistochemistry 

After deparaffinization in xylene and rehydration, for antigen retrieval, sections were treated 

in a PreTreatment module (Lab Vision Corp., Fremont, CA, USA) in Tris-HCl (pH 8.5) and in 

Tris-EDTA (pH 9.0) buffer for 20 minutes at 98°C. Sections were stained in an Autostainer 

480 (Lab Vision). Tissues were incubated with the following antibodies:  goat anti-Prox1 

(R&D Systems AF2727; RRID:AB_2170716) used 1:800 and mouse monoclonal anti-SOX18 

(D-8) (Santa Cruz Biotechnology, sc-166025; RRID:AB_2195662), mouse anti-COUPTF2 

(Perseus Proteomics,PP-H7147-00; RRID:AB_2155627), mouse anti-K8.1 (Santa Cruz 

Biotechnology sc-65446; RRID:AB_831825) all used at 1:100 overnight at room 

temperature. For detection, ImmPRESS HRP Polymer Detection Kit, Peroxidase, (Vector 

Laboratories, Burlingame, CA, USA) was used.  

LANA staining was done O/N at 4 °C in humidified chambers using rabbit polyclonal antibody 

(a kind gift from B. Chandran, University of South Florida (5)) after washing 3 times the slides 

in PBS-T, sections were stained with goat anti-rabbit Alexa594 conjugated antibody for 1 hour 

at RT, nuclei were counterstained with Hoechst 33342 (1ug/ml). 

Samples were imaged in a Panoramic 250 viewer (Genome Biology Unit, University of 

Helsinki).  

RT-qPCR 

Total RNA was extracted from cells using NucleoSpin RNA extraction kit (Macherey Nagel) 

and reverse transcribed as described in(5) . Transcripts were measured using 2XSYBR reaction 

mix (Fermentas) and unlabeled primers (F;R):  

PROX1 (F;R) TGTTCACCAGCACACCCGCC; TCCTTCCTGCATTGCACTTCCCG;  

SOX18 (F;R) CTTCATGGTGTGGGCAAAG; GCGTTCAGCTCCTTCCAC;  



COUPTF2(F;R) GCAAGTGGAGAAGCTCAAGG; TCCACATGGGCTACATCAGA;  

Actin(F;R)TCACCCACACTGTGCCATCTACGA; TCACCCACACTGTGCCATCTACGA; 

Orf73(F;R) ACTGAACACACGGACAACGG; CAGGTTCTCCCATCGACGA;  

Orf50 (F;R) CACAAAAATGGCGCAAGATGA; TGGTAGAGTTGGGCCTTCAGTT;  

Orf 57 (F;R) TGGACATTATGAAGGGCATCCTA; CGGGTTCGGACAATTGCT;  

Orf45 (F;R) CCTCGTCGTCTGAAGGTGA; GGGATGGGTTAGTCAGGATG;  

K8.1 (F;R) AAAGCGTCCAGGCCACCACAGA; GGCAGAAAATGGCACACGGTTAC 

Each sample was measured in triplicate and normalized to the Actin levels. Experiments were 

done at least two independent times, the graphs show the average and error bars the SD across 

the experiments. 

Western Blotting and antibodies 

Cell lysis, SDS-PGE and immunoblot were performed as described in (Gramolelli et Al. 2018). 

The following primary antibodies were used: Mouse monoclonal anti- actin (Santa Cruz 

Biotechnology, sc-8432; RRID:AB_626630); Mouse monoclonal anti-gamma-tubulin 

(Sigma-Aldrich, T6557; RRID:AB_477584); Rabbit monoclonal anti-PROX1 (Cell 

Signaling Technology D2J6J; RRID:AB_2783562); Mouse monoclonal anti SOX18 (D-8) 

(Santa Cruz Biotechnology, sc-166025; RRID:AB_2195662); Mouse monoclonal anti 

COUP-TFII (Perseus Proteomics,PP-H7147-00; RRID:AB_2155627); Rat monoclonal 

HHV-8 (LN-35) (Abcam, ab4103; RRID:AB_304278) Mouse monoclonal anti KSHV 

ORF57 (Santa Cruz Biotechnology, sc-135746; RRID:AB_2011972); Mouse monoclonal 

anti KSHV ORF45 (Santa Cruz Biotechnology, sc-53883; RRID:AB_783766); Mouse 

monoclonal anti KSHV K8.1 (Santa Cruz Biotechnology sc-65446; RRID:AB_831825); 



rabbit monoclonal anti-GFP (Cell Signaling Technology, 2956; RRID:AB_7183352); 

Rabbit polyclonal anti ORF50 ( Kind gift from C. Arias; RRID:AB_2037160). 

After three rounds of washing in TBS-T, membranes were incubated in the appropriate HRP-

conjugated secondary antibody (anti-mouse and anti-rabbit IgG HRP conjugated, Cell 

Signaling Technology, 7076, 7074; RRID:AB_330924; RRID:AB_2099233) diluted in 

blocking solution for 4h RT. Luminescent signal was revealed with Wester-Bright Sirius 

detection Kit (Advansta). Experiments were done at least two independent times, 

representative experiments are shown. Multiple independent blots were used to represent one 

experiment requiring multiple antibodies for detection.  Equal loading of the independently 

generated blots was ensured by Ponceau-S staining. 

The Fiji software (https://imagej.net/Fiji) was used to quantify the intensity of the bands. 

For each sample, band intensities relative to the corresponding loading control is shown.  

Immunofluorescence  

2x10^4/ml primary BEC and LEC infected or not with rKSHV.219 were plated on coverslips 

for 4 days. 10^3 iSLK.219 were plated on viewPlate-96 black (6005182, Perkin Elmer) 

transduced as indicated after 24h and, one day later reactivated with Doxycycline for 24h.  

Coverslips and plates were fixed in 4%PFA 20 min RT, permeabilized (0.3% Triton-X in PBS) 

and stained with Hoechst 33342 (1 µg/ml) 10 min RT. Blocking, washings and antibody 

incubations were done in 0.5%BSA in PBS. Coverslips were incubated in primary and, after 

washing, in secondary antibody in humidified chambers for 2h RT and then mounted in 

Mowiol. Experiments were done at least two independent times.  

The following antibodies were used: Goat polyclonal anti-PROX1 R&D Systems, AF2727; 

RRID:AB_2170716); Mouse monoclonal anti-SOX18 (D-8) (Santa Cruz Biotechnology, sc-

166025; RRID:AB_2195662); Mouse monoclonal anti-COUP-TFII (Perseus 



Proteomics,PP-H7147-00; RRID:AB_2155627); Rabbit polyclonal anti LANA (a kind gift 

from B. Chandran)(5); Mouse monoclonal anti-KSHV ORF57 (Santa Cruz Biotechnology, 

sc-135746; RRID:AB_2011972); Mouse monoclonal anti-KSHV K8.1 (Santa Cruz 

Biotechnology sc-65446; RRID:AB_831825) Rabbit polyclonal anti-ORF50 (C. Arias, 

University of California, Santa Barbara; RRID:AB_2037160). All secondary antibodies 

were from Thermo Fischer Scientific: Goat anti-Rabbit IgG (H+L) (A-11034; 

RRID:AB_2576217); Goat anti-Rabbit IgG (H+L) Highly Cross-Adsorbed (A32733; 

RRID:AB_2633282); Goat anti-Mouse IgG (H+L) Cross-Adsorbed (A32728; 

RRID:AB_2633277); Goat anti-rat IgG (H+L) Cross-Adsorbed Alexa Fluor 647 (A21247; 

RRID:AB_141778).  

Coverslips were imaged in Zeiss LSM 780 confocal microscope equipped with a Plan-

Apochromat 63x objective (NA 1.40), and DAPI/ Hoechst FITC/Alexa Fluor 488/ GFP 

TRITC/ Cy3/ Alexa Fluor 546 filter sets. Plates were imaged using Thermo Scientific Cell 

Insight High Content Screening (HCS) system with a 10x objective. 

Analysis of cell proliferation 

Cells were maintained for 1 h in media containing 10 µM 5-ethynyl-2'-deoxyuridine (EdU) and 

fixed in 4% paraformaldehyde in PBS. The EdU-incorporated in the cell DNA was coupled to 

Alexa Fluor 647 as per instructions from Click-iT EdU Alexa Fluor 647 Imaging Kit (Thermo 

Fischer Scientific). Images were acquired using a CellInsight High Content microscope 

(Thermo Fischer Scientific) using a 10x objective.  

The portion of EdU containing cells was quantified with Cell Profiler software.  

Quantification of virus titres, lytic cells and fluorescent signal intensity  

The number of positive cells were quantified over the total amount of cells (number of nuclei) 

using Cell Profiler (http://cellprofiler.org).  The graph shows the average of virus titres or 



positive cells per each condition, error bars indicate SD across at least two experiments. The 

virus titres were calculated as IU/ml. Average signal intensity was calculated with appropriate 

cell profiler pipeline, the graph shows the average intensity per condition and the error bars 

indicates the SD across n>100 cells/condition/staining.  

Co-localization was assessed by Pearson´s co-localization coefficient calculated using Coloc2 

plug-in in Fiji software package (https://imagej.net/Fiji). 

RNA-Seq analysis 

FASTQ data was aligned to the annotated human reference genome hg38 and using STAR 

(6)with the build in gene quantification function. Differential gene expression (DGE) of the 

quantified genes was performed using DeSeq2 (7). Significantly DGE (FDR < 0.1 and 

log2FoldChange >= +/- 1) were subjected to Kyoto Encyclopedia of Genes and Genomes 

(KEGG) pathway analysis to identify regulated pathways (FDR < 0.1).   

Concerning viral gene expression differences FASTQ data was aligned to the rKSHV.219 

reference sequence which is identical to BAC16 (Genbank Acc.: GQ994935) using STAR. We 

inserted the panPromoter-RFP, GFP and PuroR cassette according to the original publication 

into the reference for analysis (8), since it was not part of the deposited Genbank sequence. 

Read counting of viral ORFs was performed using FeatureCounts (9).  

KSHV specific counts were normalized using the estimated size factors generate for the human 

dataset to correct for sequencing depth-based bias. DGE for KSHV genes was performed using 

DeSeq2.  

To detect KSHV- encoded circular RNAs, FASTQ files were aligned using STAR to the human (hg19) 

+ KSHV hybrid genome file. CIRCexplorer2 was used to detect back-spliced junctions in the KSHV 

genome. All back-spliced junctions were mapped in 200 nucleotide-sized bins and plotted. 

  



Multiplex IHC 

Multiplex immunohistochemistry (mIHC) was performed as described by (10), with some 

modifications. Briefly, paraffin was removed from 3.5-µm FFPE sections and heat-induced 

epitope retrieval (HIER) was performed. After HIER, endogenous peroxide activity and 

protein blocking was performed in 0.9% H2O2 and in 10% normal goat serum, respectively. 

The first primary antibody (K8-1, Santa Cruz Biotechnology, sc-65446, 1:200) was detected 

using HRP-conjugated secondary antibody and a tyramide signal amplification (TSA) 

(AlexaFluor488) (Life Technologies, Eugene, Oregon) (see manufacturer´s instructions). 

Another TSA reaction was done for the second primary-secondary antibody complex 

(PROX-1, Cell Signalling Technology (D2J6J), 1:200; TSA: AlexaFluor555). Then, after 

HIER denaturation, a pair of primary antibodies raised in different species was used to detect 

additional two targets (SOX18, Santa Cruz Biotechnology, sc-166025, 1:200 and LANA, 

kindly provided by Bala Chandran,(5) 1:100) using AlexaFluor647 and AlexaFluor750 

fluorochrome-conjugated secondary antibodies, respectively. Nuclei were counterstained 

using DAPI and slides were mounted and coverslips applied.  

Digital, whole-slide fluorescence images of mIHC slides were acquired at 0.24 µm/pixel 

resolution using Zeiss Axio Scan.Z1 equipped with Plan-Apochromat 20x objective (NA 

0.8), Hamamatsu Orca Flash 4.0 K3 camera, Solid-State Light Source Colibri 7 LED, and 

DAPI, FITC, CY3, CY5, and CY7 filter sets. After image acquisition, images were exported 

as single channel 16-bit monochrome TIFF images. 
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