Supporting Information

Supporting Figures and Legends

Figure S1. Human SAEC grown in 10% fetal calf serum and many adenocarcinoma cell
lines are susceptible to infection by 1C323-EGFP wtMV. MGH24 (lung), NCI-H358 (lung),
RVH6847 (lung), MCF7 (breast)) MDA-MB-468 (breast), T47D (breast), Huh7 (liver)
adenocarcinoma cell lines and SAEC (with serum) were visibly infected with the 1C323-EGFP
wtMV virus after 48 hrs incubation. SAEC (serum free), A549 (lung adenocarinoma), SBC-3
(small cell lung carcinoma), MDA-MB-231 (breast adencarcinoma), and HelLa (cervical
carcinoma) were non-permissive for wtMV infections. Scale bar=100um. See also Table 1.
Figure S2. PVRL4 (Nectin 4) and CD150 (SLAM) expression renders cells susceptible to
IC323-EGFP wtMV. Non-permissive OMK, HelLa, A549, and MDA-MB-231 cells were
transfected with expression plasmids expressing either CD150/SLAM or PVRL4 (Nectin 4) and
incubated for 36 hrs. The transfected cells were infected with 1C323-EGFP wtMV (m.o.i. 10)
and incubated a further 48 hrs. Scale bar=100um. See also Figure 3.

Figure S3. Expression of (A) DDK- and (B) V5-tagged candidate receptors in COS-1 cells.
COS-1 cells were transfected with expression plasmids containing the coding sequences for
candidate membrane protein receptors. After 36 hrs the cells were lysed and 10 ug of whole cell
lysate was separated by SDS-PAGE followed by Western immunoblot. Horseradish peroxidase-
conjugated Flag antibodies (IB: DDK) or V5 antibodies (IB: V5) were incubated with the
membranes and developed with enhanced chemiluminescence. (A) Duplicate expression clones
of CDH1, F11R, GPC4, TMEM125, and a single clone of SUSD4 were transfected into COS-1
cells and analyzed with DDK(Flag) antibodies. These clones were purchased from Origene

Systems. (B) Expression clones for CLDN1, CLDN4, CLDN7, RAB25, STX6, FAM84, JUP,



TACSTD2, and PVRL2 were prepared from the Open Biosystems Plasma Membrane Donor
Library using Gateway Cloning technology and LR Clonase Il (see Materials and Methods). The
resulting clones contained a V5 tag sequence fused to the coding sequence of a particular gene to
produce a recombinant protein with a V5 tag at its carboxyl terminus. See Figure 2 and Table 2.
Figure S4. Comparison of protein sequences for human PVRL1, PVRL2, PVRL3, and
PVRL4. Sequences were aligned using the Clustal method from the DNAStar Lasergene
analysis software. Shaded residues represent amino acids that are identical to the consensus
sequence shared by the 4 proteins. PVRL4 exhibits 38% identity with the consensus. Sequences
were obtained from the NCBI GeneBank. [PVRL1 NM_002855.4; PVRL2 NM_002856.2;
PVRL3 NM_015480.1; PVRL4 NM_030916.2]. See also Figure 3.

Figure S5. Immune histological analysis of PVRL4 in human tissues. Formalin fixed
paraffin embedded tissue slices from placenta, NCI-H358 xenografts grown in mice, lung
adenocarcinoma, lung squamous carcinoma, reactive pneumocytes from the lung, and tonsil
tissue were incubated with goat anti-PVRL4 antibody (1:1000) directed against a specific peptide
sequence. Antibody binding was detected by incubating the tissue sections with biotin-anti-goat
1gG, horse-radish peroxidase (HRP)-streptavidin, and diaminobenzidine (DAB) substrate.
Labeled PVRL4 protein located in adherens junctions stained brown. Representative lighter
staining structures in the pneumocytes and tonsils are indicated with arrows. Scale bar = 100um.
See also Figure 6.

Figure S6. Comparison of protein sequences for human, orangutan (pongo), canine, rat,
and mouse PVRL4 (Nectin 4). Sequences were aligned using the Clustal method from the
DNAStar Lasergene analysis software. Shaded residues represent differences from the human

sequence. Human and orangutan sequences were almost 100% identical. Mouse and rat



sequences were 92% identical to that of humans. The canine PVRL4 sequence was 95% identical
to the human sequence. Sequences were obtained from the NCBI GeneBank. [Human
NM_030916.2; Orangutan(Pongo) XM _002809905.1; Cow NM_001024494.1; Dog
XM _847277.1; Rat NM_001109076.1; Mouse NM_027893.3]. See also Figure 9.

Figure S7. Other wild type strains of MV (Montefiore 89 and WTF) and the Edmonston
vaccine strain of MV can also use PVRL4 as a receptor. (A,B) Following transfection of the
PVRL4 expression vector, OMK (owl monkey kidney) cells which lack a complete CD46
receptor, became susceptible to Edmonston vaccine MV. (C,D) HeLa cells transfected with the
PVRLA4 expression plasmid became susceptible to WTFH-EGFP MV infection. (E,F) HEK (293)
cells transfected with PVRL4 become permissive to Montefiore 89 wtMV infections. In this case
cells were fixed with paraformaldehye, permeabilized with 0.1% TX-100 detergent, and stained
with measles (H, M) antibodies and detected with Alexa Fluor 488 conjugated goat anti-mouse
secondary antibodies. Nuclei were stained with Hoechst stain. Scale bar=100um. See also

Figures 2, S1, and S2.

Table S1. Excel file showing normalized probe set intensity values and % up-regulation of
membrane protein expression in MV permissive breast, lung, and primary SAEC. Text files
from Expression Console were exported to Microsoft Excel. Control data and non-annotated
entries were discarded. Data was filtered for membrane proteins by using the Excel filter
function for the GO cellular component term “membrane”, and this data was retained. Intensity
values for the non-permissive cells (MDA-MB-231 and A549) were averaged and compared to
the averaged probe set values of permissive breast and lung arrays and expressed as a percentage

up or down regulation (Sheets 1 and 2). Regulation of membrane protein gene products in serum



activated SAEC compared to SAEC grown in serum was calculated in a similar fashion (Sheet
3). Probe set gene entries for each of the tissue types (breast, lung, SAEC) were ranked in
descending order (percentage up/down regulation - high to low). See also Table 2.

Supplemental Experimental Procedures

Microarray Analysis

Total RNA was extracted from SAEC and adenocarcinoma cell lines using the Qiagen RNeasy
kit. The quality and quantity of RNA was assessed by both A260/A280 values and using an
Agilent RNA BioAnalyzer. Microarray analysis was performed at the Applied Genomics Centre
associated with the Toronto Hospital for Sick Children by Xiolin Wang. The Applied Genomics
Centre is an accredited Affymetrix Service Provider. cDNA (5.5ug in 220ul) was transcribed and
biotin end-labeled using the Affymetrix IVT kit. The fragmented probe was hybridized to the
Human Gene 1.0 ST Array cartridge and washed using the FS450 0007 protocol, and stained
with streptavidin-PE. The GeneChip was scanned with an Affymetrix GeneChip Scanner 3000.
Chip data was analyzed by GCOS 1.4 and archived on DVD discs as GCOS DTT Files which
included raw intensity CEL files and normalized CHP files. Microarray data was evaluated for
Quality Control by the Applied Genomics Centre and transmitted to our laboratory. Data was
further analyzed with Affymetrix Expression Console 1.1 software using the hugene-1_0st v.1
na30.hg19 annotation file. Normalized probe set intensity values on a scale of 0 (no signal) to 14
(strongest signal) were converted to a text file and exported to Microsoft Excel 2003 for further
analysis. Negative and positive control data was discarded and the Probe Set’s were filtered
using the Excel filter function for the GO cellular component term “membrane”, and this data
was retained. Gene up-regulation was calculated by applying the formula [(SAEC with FCS) -

(SAEC without FCS)] / (SAEC without FCS) to the normalized microarray intensity values and



expressing up-regulation as a percentage. Gene up-regulation in permissive vs. non-permissive
cells lines was obtained by applying the formula [(permissive) - (non-permissive)] / (non-
permissive) to the microarray intensity values and expressing up-regulation as a percentage.
Average gene up-regulation was determined for breast cancer (MCF7, MDA-MB-468, and
T47D), lung cancer (MGH-24, NCI-H125, and NCI-H358) and SAEC cell lines (Table S1).
Membrane protein genes which were up-regulated >20% were compared between permissive
breast cell lines and permissive lung cell lines, and then with serum activated permissive SAEC
using the Excel function [=(ISERROR(MATCH(A1,$C$1:$C$N,0)),””,A1)], where A contains
the Gene Names in the cell type (eg. Breast) compared to the Gene Names (C) in another cell
type (eg. Lung). N represents the number of entries in the list being compared. Up-regulated
gene products that were common between the different permissive cell lines are tabulated in
Figure 2.

Immune histochemistry protocol for staining PVRL4 in human tissue sections

Formalin fixed paraffin embedded tissue was sliced at a 4 um thickness with a microtome and
dried in a 60°C oven overnight. Sections were dewaxed in xylene and rehydrated through graded
concentrations of alcohol to water. Endogenous peroxidase was blocked with 3% hydrogen
peroxide. Heat induced epitope retrieval in 10 mM citrate buffer, pH 6.0 was performed in a
Milestone T/T Mega microwave oven. After blocking for endogenous biotin using Vector’s
biotin blocking kit, sections were incubated in primary antibody (anti-Nectin-4, R&D Systems,
goat polyclonal, 1:1000 dilution) for 16 hours at room temperature in a humidified chamber.
After washing the sections in PBS, secondary incubations were carried out with biotin-anti-goat
IgG (Vector Laboratories), followed by incubation with streptavidin-HRP (ID Laboratories) for

30 min. Antibody binding was revealed by treating the sections with DAB substrate (Dako



North America, Inc) for 5 min. Samples were counterstained with Mayer’s haematoxylin and

mounted in Permount.
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