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Supplementary Materials & Methods 

 

Detection of expression of Survivin, CAR and CD46 in cell lines by flow cytometry 

The cultured cells were collected and re-suspended with PBS containing 0.5% bovine serum 

album (BSA), 10 μL fluorescein-labeled antibody was added and fully mixed. The cells were 

incubated at 4℃ for 30 min. After washed thoroughly, cells were suspended and tested by flow 

cytometry (FCM). The antibodies used were Alexa Fluor 488-conjugated rabbit anti-Survivin 

antibody (Cell Signaling Technology, Inc., Shanghai, China), APC-conjugated mouse anti-CD46 

(Sino Biological Inc., Beijing, China) and FITC-conjugated rabbit anti-CAR (Sino Biological 

Inc.). 

 

Detection of cancer-selective replication activity of OAVs 

Cell lines at logarithmic growth phase were seeded in 96-well plates, 1×104 cells/well, and the 

experimental viruses were added at multiplicity of infection (MOI)=5 pfu/cell in serum-free media. 

After 2 h, media containing 5% sera was added and continuously cultured. Cells were 

subsequently collected at 0 h, 48 h and 96 h for detecting virus titer by TCID50. Cells infected the 

viruses carrying the fluorescence reporter gene were collected at 24 h after infection and the 

fluorescence intensity was detected by FCM to determine the virus infection efficiency, the virus 

replication was observed and photographed under a microscope at 48 h and 96 h. 

 

Detection of gene expression 

The expression of mE1a was detected by RT-PCR and Western blot. Cells were cultured in 6-well 

plates and infected with OncoViron and control viruses at MOI=5 pfu/cell. Cells were collected at 

0 h, 24 h, 48 h, 72h and 96 h, respectively. Total RNA and total protein were extracted according 

to the instructions of TriZol Reagent kit (Invitrogen Life Technologies, Carlsbad, CA, USA). The 

upstream primer was 5'-cccagtgacgacgaggat-3', and the downstream primer was 

5'-actgtagacaaacatgccaca-3'. The cDNA was synthesized by SuperScriptTM One-Step RT-PCR with 

Platnum® Taq kit (Invitrogen Life Technologies) and amplified by PCR. The condition was 50 ℃ 

for 30 min; 94 ℃ for 2 min; 94 ℃ 30s, 60℃ 30s, 72℃ 60s, 30 cycles; 72℃ 2 min. The amplified 

fragment was 450 bp in length. With β-actin as internal reference, the upstream primer was 5 

'-tgaagtgtgacgtggacatc-3' and the downstream primer was 5 '-ggaggagcaatgatcttgat-3'. The rabbit 

anti-E1A antibody (Abcam, Shanghai, China) was used by Western blot to detect E1a protein 

expression. 

The expression of cytokines IFN-γ, IL-12 and CCL5 were detected by enzyme-linked 

immunosorbent assay (ELISA). Cells were seeded in 6-well plates, 5×105 cells/well, and cultured 

for 24 h, the viruses were added to each well at MOI=5 pfu/cell. The supernatant was collected at 

24 h, 48 h and 72 h, respectively, and the contents of IFN-γ, IL-12 and CCL5 were quantitatively 
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determined by ELISA according to the kit instructions provided by the manufacturers. The ELISA 

kits were purchased from R&D Systems China Co., Ltd. (Shanghai, China). 

 

Detection of selective killing activity of OAVs against cancer cells 

Real Time Cellular Analysis (RTCA) was used to detect the time-dose response curve of 

OncoViron and control viruses on the proliferation activity of experimental cell lines. Cells were 

seeded in 16-well E-plate, 100 μL containing 5×103 cells/well, and placed at room temperature for 

30 min. The E-plate was placed on the detection table in an incubator, and real-time dynamic cell 

proliferation detection was performed on the Agilent xCELLigence RTCA S16 device (ACEA 

Biosciences Inc., San Diego, CA, USA). After 24 h of culture, the fresh media were replaced. The 

prepared gradient viruses were added into each well at MOI=1, 5, 10 and 20 pfu/cell, and real-time 

dynamic detection was continued. Real-time cell index data were recorded till 5 days after virus 

infection. 

The killing effect of OncoViron on cancer cells and normal cells was also detected by CCK8 

assay. Cell Counting Kit-8 was purchased from Dojindo Laboratories (Kumamoto, Japan). Cell 

lines at logarithmic growth phase were collected and seeded in 96-well plates at 1×104 cells/well. 

OncoViron and control viruses were added at a gradient of MOIs, and each MOI was installed 8 

wells. After 7 days of culture, CCK8 solution was added, and cells were placed in the incubator 

for 4 h. The light absorption value at 490 nm was determined by a microplate analyzer, cell 

viability and IC50 value were calculated. 

 

Effect of OAVs on gene expression profile of cancer cells 

Cancer cell lines HCCLM3, MDA-MB-231, SGC-996 and normal cell lines MRC-5 at logarithmic 

growth phase were collected and seeded into 6-well plates, at 5×105 cells/well. The viruses 

including OncoViron, Ad5SVPF11H48, Ad5SVPF11, Ad5SVPF11-IL12, Ad5SVPF11-CCL5, and 

Ad5SVPF11-IFNγ were added at MOI=5 pfu/cell. Cells without virus infection were cultured 

simultaneously as blank control. After 48 h of culture, cells were collected and total RNA was 

extracted. Transcriptome sequencing analysis and miRNA expression profile were examined on an 

Illumina HiSeq 2500 platform (Biomarker Technologies Co. Ltd. Beijing, China) to screen 

differentially expressed genes (DEGs) and miRNAs, and functional annotation and enrichment 

analysis were performed. 

 

Interception experiment of adenovirus neutralization antibody 

To further verify whether the pre-existing neutralizing Ad5 antibody can intercept the 

Ad5H48-chimeric virus, 25 BALB/C mice were divided into 5 groups (OncoViron group, 

Ad5SVPF11-C3 group, OncoViron+wAd5 group, Ad5SVPF11-C3+wAd5 group, Blank control 

group), the Ad5SVPF11-C3+wAd5 group and OncoViron+wAd5 group were given a wAd5 tail 

vein injection of wAd5 at 1×108 pfu/0.1 mL on day 1, and then the four experimental groups were 
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given a tail vein injection of the corresponding virus at 1×109 pfu/0.1 ml 48 h later. The blank 

control group was simultaneously given the same volume of viral preservation solution (VPS). On 

day 5 (96 h later), mice were sacrificed painlessly, and blood, heart, liver, lung, kidney and brain 

tissues were collected. The expression of E1a (wild-type E1a, wE1a; mutant E1a, mE1a) was 

detected by qRT-PCR in blood PBMC, and E1a protein was detected by immunohistochemistry in 

organ tissues.  

 

OncoViron anticancer experiments in animal implanted tumor models 

To validate the broad-spectrum anticancer activity of OncoViron, we conducted experimental 

studies in multiple animal models. Firstly, human tumor xenograft models were established in 

immunodeficient nude mice, including human HCCLM3, SGC-996, A549, MDA-MB-231 and 

human gallbladder carcinoma PDX (patient-derived tumor xenograft) models. The gallbladder 

carcinoma samples from 9 patients who received surgical resection from January 2018 to 

December 2019 were enrolled for establishing the PDX model, all patients were confirmed to be 

gallbladder carcinoma with written informed consents. Secondly, murine tumor models were 

established in normal immunocompetent mice, including murine colon cancer CT26 and murine 

melanoma B16. The BALB/C nude mice and BALB/C normal mice, 4-6 weeks old, provided by 

Shanghai Jihui Laboratory Animal Care Co., Ltd. (Shanghai, China). The NCG mice were 

provided by Jiangsu GemPharmatech Co., Ltd. (Nanjing, China). The mice of MDA-MB-231 

model were female, and of other models were male. 

Cancer cells were collected and injected subcutaneously in the right axillary of mice, at 1×106 

cells to 1×107 cells per mouse according to the tumor-forming ability of each cell line. Tumor 

formation appeared about 10-14 days later, when the maximum diameter of tumor was about 

3.0-5.0 mm, mice were randomly divided into groups according to the experimental design. First, 

one mouse with the largest tumor and one with the smallest tumor were removed from each group, 

and the other mice were given different doses of experimental viruses in the virus-treatment 

groups by intratumoral multi-point injections, and mice in the control group were injected with the 

same volume of VPS. It should be noted in particular that a contralateral implantation group was 

added to the CT26 model, in which the implanted tumors were inoculated subcutaneously in left 

and right axillaries of mice. The tumors in right side were treated with intratumoral injections of 

viruses, while the tumors in left side were not treated. In the B16 model, the bilateral implantation 

group and the group treated with the virus Ad5SVPF11H48-mC3 expressing murine cytokines 

(mIFNγ, mIL12 and mCCL5) were instituted. Besides the human triple negative breast cancer 

MDA-MB-231 model in nude mice, we also established a peripheral blood mononuclear cell 

(PBMC)-humanized MDA-MB-231 subcutaneous xenograft model in NCG-hIL15 mice, PBMCs 

were derived from peripheral blood of a healthy volunteer and injected, at 2×106 cells/mouse, into 

tail vein of mice on the third day after tumor implantation. 

Tumor size was measured regularly after treatment, and tumor volume was calculated by the 
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formula of "maximum diameter × minimum diameter × minimum diameter × 0.5". The 

experiment was terminated when tumor volume of any group exceeded 2,500 mm3. At the end of 

the observation period, mice were sacrificed painlessly and tumors were obtained. Tumor tissue 

was fixed and paraffin-embedded. The expression of viral E1a, lymphocyte marker CD3, CD4 and 

CD8, cytokine IFN-γ (hIFN-γ and mIFN-γ), tumor marker Survivin, and signal pathway protein 

kinases Akt and p-Akt was detected by immunohistochemistry.  

 

Anticancer experiments of OncoViron combined with PD-1 antibody immunotherapy in 
animal implanted tumor models 

To reflect the effects of OncoViron and the expression of three cytokines on tumor killing and 

TME re-programming, a FaDu subcutaneous tumor model of human pharyngeal squamous cell 

carcinoma was established in PBMC-humanized mice. Twenty-seven NCG mice (male, 7 weeks 

old) were purchased from Jiangsu GemPharmatech Co., Ltd. FaDu cells were subcutaneously 

inoculated, at 5×106 cells per mouse, in the right axillary of mice. At 12 days after tumor 

inoculation, PBMCs were collected and inoculated into mice at 2×106 cells per mouse. Tumors 

reached about 50 mm3 17 days later after FaDu cell inoculation, mice were randomly assigned to 6 

groups, the OncoViron low-dose group, OncoViron high-dose group, Keytruda group, OncoViron 

low-dose + Keytruda group, and OncoViron high-dose + Keytruda group, n=6 in OncoViron 

low-dose group and control group, n=7 in other groups. Mice were given intratumoral multipoint 

injections of OncoViron with high and low doses of 5×108 pfu and 1×108 pfu per mouse, 

respectively, once every other day for a total of 5 times of injections. Keytruda was given 

intraperitoneally, 5 mg/kg per mouse, twice a week for a total of 3 weeks. The blank control group 

was simultaneously given the same volume of VPS. 

To perfectly reflect the effect of OAV expressed three murine cytokines on tumor killing and 

TME re-programming, a mouse MC38 subcutaneous tumor model of colon cancer in hPD-1 

humanized mice was established. C57-hPD1 humanized mice, female, 5 weeks old, were provided 

by Beijing Biocytogen Co., Ltd. (Beijing, China). Mice were subcutaneously inoculated with 

mouse colon cancer cells MC38 on the right axillary, at 1×106 cells per mouse. Treatment was 

started when the average tumor volume reached 80 mm3. Mice were randomly divided into 4 

groups (G1: blank control, G2: Ad5SVPF11H48-mC3, G3: Keytruda, G4: combined 

Ad5SVPF11H48-mC3+Keytruda), and two mice with the largest and smallest tumors were 

excluded from each group. The virus Ad5SVPF11H48-mC3 was injected intratumorally, each dose 

of 3×108 pfu, once every other day, total 5 times; Keytruda was intraperitoneally injected, 2.5 

mg/kg per mouse, twice a week for total 3 weeks. The blank control group was simultaneously 

given the same volume of VPS. 

After treatment, tumor size was measured regularly and tumor volume was calculated by the 

formula as aforementioned. At the end of the observation period, fresh tumor tissues of one mouse 

in each group in the hPD-1 humanized MC38 model were collected for single-cell sequencing and 
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spatial transcriptome analysis. 

 

Single-cell sequencing and spatial transcriptome analysis 

Preparation of the samples  Tissue preparation, cryosectioning, fixation, staining and 

brightfield imaging for ST: The tissues obtained from tumors of murine MC38 cells were cut into 

s 4-5 mm3 pieces and treated with cleanroom wipers. After removing blood stains on the tissue 

surface, fresh tissue was embedded with OCT then snap-frozen at -80℃. Cryosections were cut at 

10-µm thickness, mounted onto the ST arrays. The tissue was dehydrated with isopropanol for 1 

min followed by stained with H&E. Slides were mounted in 80% glycerol and brightfield images 

were taken on a Leica SCN400 F whole-slide scanner at 40× resolution. 

ST barcoded microarray slide Information:Library preparation slides used were purchased 

from the Spatial Transcriptomics team (https://www.10xgenomics.com/), Each of the spots printed 

onto the array is 55 µm in diameter and 100 µm from center to center, covering an area of 6.5×6.5 

mm2. Each slide Included 4 Capture Areas, each with ~5,000 unique gene expression spots. 

On-slide tissue permeabilization, cDNA synthesis and sequencing: After brightfield imaging, 

the ST slide was prewarmed to 42 °C and attached to a microarray slide module (Grace Biolabs). i. 

Permeabilization Enzyme (70 μl) was added to B1 along the side of the well (30 min) and tap 

cassette; ii. Slide Seal was applied to the Slide Cassette and placed on the Thermocycler Adaptor 

at 37°C, then the lid was closed; iii. After 6 min, Slide Cassette was removed from Thermocycler 

Adaptor and the seal was also removed; iv. Permeabilization Enzyme (70 μl) was added along the 

side of the well to the C1 and incubated on the Thermocycler Adaptor at 37°C with the lid closed; 

v. the process was repeated working backwards to the shortest incubation time (3 min), removing 

Slide Cassette from the Thermocycler Adaptor after time course completion. Using a pipette, 

Permeabilization Enzyme was removed from each well without touching the tissue sections, then 

100 µl 0.1× SSC was added to all wells except the positive control. Using a pipette, SSC was 

removed from each well and 50 µl Fluorescent RT Master Mix was added to each well, ensuring 

that the well surface is uniformly covered with the Master Mix. Slide Seal was applied on the 

Slide Cassette firmly and placed on the Thermocycler Adaptor on the pre-heated thermal cycler, 

closing thermal cycler lid (53 °C, 45 min) and skipping Pre-equilibrate to initiate cDNA Synthesis. 

Libraries were prepared after the above operations. Libraries were diluted to 4 nM and paired-end 

sequencing was performed on an Illumina NovaSeq 6000 System, with 31 cycles for read 1 and 55 

cycles for read 2. Between 100 million and 200 million raw read-pairs were generated for each 

sequenced library.1 

Single-Cell RNA Sequencing  Tissue was processed to prepare scRNA-seq libraries by using 

Chromium Single Cell 3’ Reagent v3 Kits (10× Genomics, Pleasanton, CA, USA). Single cells 

were suspended in calcium- and magnesium-free PBS containing 0.04% weight/ volume BSA. 

Then, single-cell suspensions were loaded onto a Chromium Single Cell Controller Instrument 

(10× Genomics, Pleasanton) to generate single-cell gel beads in emulsions (GEMs). After 
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generation of GEMs, reverse transcription, cDNA PCR amplification and library preparation were 

performed according to the 10× Genomics 3’ gene expression protocol. These libraries were 

pooled and sequenced by HiSeq NovaSeq platform (Illumina, San Diego, CA, USA) in 150 bp 

paired-end mode. 

Single-cell RNA-seq data preprocessing  The Cell Ranger software pipeline (version 5.0.0) 

provided by 10× Genomics was used to demultiplex cellular barcodes, map reads to the genome 

and transcriptome using the STAR aligner, and down-sample reads as required to generate 

normalized aggregate data across samples, producing a matrix of gene counts versus cells. The 

unique molecular identifier (UMI) count matrix was processed using the R package Seurat 

(version 3.1.1).2 To remove low quality cells and likely multiplet captures, which is a major 

concern in microdroplet-based experiments, we applied criteria to filter out cells with UMI/gene 

numbers out of the limit of mean value +/- 2 folds of standard deviations assuming a Guassian 

distribution of each cells' UMI/gene numbers. Following visual inspection of the distribution of 

cells by the fraction of mitochondrial genes expressed, we further discarded low-quality cells 

where >20% of the counts belonged to mitochondrial genes. Additionally, we applied 

DoubletFinder package (version 2.0.2)3 to identify potential doublet. After applying these QC 

criteria, 24,609 single cells were included in downstream analyses. Library size normalization was 

performed with NormalizeData function in Seurat2 to obtain the normalized count. Specifically, 

the global-scaling normalization method “LogNormalize” normalized the gene expression 

measurements for each cell by the total expression, multiplied by a scaling factor (10,000 by 

default), and the results were log-transformed.  

Top variable genes across single cells were identified using the method described in Macosko 

et al.4 The most variable genes were selected using FindVariableGenes function (mean.function = 

FastExpMean, dispersion.function = FastLogVMR) in Seurat.2 Principal component analysis 

(PCA) was performed to reduce the dimensionality with RunPCA function in Seurat.2 

Graph-based clustering was performed to cluster cells according to their gene expression profile 

using the FindClusters function in Seurat.2 Cells were visualized using a 2-dimensional 

t-distributed stochastic neighbor embedding (t-SNE) algorithm with the RunTSNE function in 

Seurat.2 We used the FindAllMarkers function (test.use = bimod) in Seurat2 to identify marker 

genes of each cluster. For a given cluster, FindAllMarkers identified positive markers compared 

with all other cells. Differentially expressed genes (DEGs) were identified using the FindMarkers 

function (test.use = MAST) in Seurat.2 P value < 0.05 and |log2foldchange| > 0.58 was set as the 

threshold for significantly differential expression. GO enrichment and KEGG pathway enrichment 

analysis of DEGs were respectively performed using R based on the hypergeometric distribution. 

Gene Set Variation Analysis (GSVA)  To perform the Gene Set Variation Analysis, the 

GSEABase package (version 1.44.0) was used to load the gene set file which was downloaded and 

processed from KEGG database (https://www.kegg.jp/). To assign pathway activity estimates to 

individual cells, we applied GSVA5 using standard settings, as implemented in the GSVA package 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

 doi: 10.1136/jitc-2022-004691:e004691. 10 2022;J Immunother Cancer, et al. Su Y

https://www.kegg.jp/


7 

(version 1.30.0). The differences in pathway activities scored per cell were calculated with 

LIMMA package (version 3.38.3). 

InferCNV Analysis  Initial CNVs for each region were estimated by inferCNV6 R package. 

The CNV of total cell types was calculated by expression level from single-cell sequencing data 

for each cell with --cutoff 0.1. Genes were sorted based on their chromosomal location and a 

moving average of gene expression was calculated using a window size of 101 genes. The 

expression was then centered to zero by subtracting the mean. The immune cells were selected as 

normal cells, leaving all remaining cells as the malignant cells. The de-noising was carried out to 

generate the final CNV profiles. 

10× Visium data processing  Raw FASTQ files and histology images were processed by 

sample with the SpaceRanger software version 1.2.0, which used STAR for mm10 genome 

alignment. Seurat (version 3.2.0) was used to process the unique molecular identifier (UMI) count 

and normalize the matrix. FindVariableFeatures function in Seurat was devoted to choose the top 

3,000 highly variable genes from the dataset using the “vst” selection method. We then performed 

principal component analysis (PCA) on a matrix composed of spots and gene expression (UMI) 

counts, and reduced the dimensions of the data to the top 30 principal components. UMAP 

(Uniform Manifold Approximation and Projection) was initialized in this PCA space to visualize 

the data on reduced UMAP dimensions. The spots were clustered on PCA space using the Shared 

Nearest Neighbor (SNN) algorithm implemented as FindNeighbors and FindClusters in Seurat 

v3.2 with parameters k = 30, and resolution = 0.4. The method returned spot clusters representing 

regions in the tissues, which were then visualized on UMAP space using the SpatialDimPlot 

command. To accurately label regions, the Wilcox test was performed to find DEGs for each 

region. We used the FindAllMarkers function in Seurat with its default parameters to get a list of 

DEGs for each cluster.  

 

Anticancer experiments of OncoViron combined with CAR-T immunotherapy in animal 
models 

CAR-T cells were prepared by the Cancer Institute of Xuzhou Medical University and targeted at 

B7-H3. A total of 1×107 CAR-T cells at logarithmic growth phase were stained with 

carboxyfluorescein diacetate succinimidyl ester (CFSE), and a few cells were used to detect the 

fluorescence intensity by FCM on the staining day, the remaining cells were then inoculated into 

24-well plates at 1×106 cells in 1 ml complete medium in each well. OncoViron, Ad5SVPF11-C3 

or Ad5SVPF11H48-DsRed was added in a gradient of MOIs. Cells were collected for FCM 

detection after 48 h of culture. To further determine whether OAVs affect the ability of CAR-T 

cells to kill tumor cells, we used RTCA to detect the effect of CAR-T on cancer cells. OSRC-2 

cells were inoculated into RTCA-specific culture plates for about 10 h, when OSRC-2 cells were 

fully adhered to grow, CAR-T cells were added into plates at the effect-target ratio was 1 (CAR-T: 

OSRC-2=1:1), the virus Ad5SVPH48-DsRed or OncoViron was added at different MOIs, and 
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continued monitoring was performed until 72 h to confirm that OAVs did not affect the 

proliferation and killing activity of CAR-T cells. 

Five-week-old male NCG mice were purchased from Jiangsu GemPharmatech Co., Ltd., and 

were subcutaneously inoculated Du145 cells or MDA-MB-231 cells, respectively, in the right 

axillary, 3×106 cells per mouse. When the average tumor volume reached about 50-80 mm3, eight 

groups were randomly assigned (blank control, CAR-T, Ad5SVPF11-DsRed, Ad5SVPF11-C3, 

OncoViron, Ad5SVPF11-DsRed+CAR-T, Ad5SVPF11-C3+CAR-T, OncoViron+CAR-T. Mice in 

the virus-treated groups were given 3 intratumoral injections of the corresponding viruses in a 

total dose of 1×109 pfu per mouse, once every other day. After the second injection of OAVs, 

CAR-T cells were injected into tail vein at 2×106 cells in 200 µL per mouse. The blank control 

group was given PBS buffer simultaneously. Peripheral blood was collected at 14, 21, 28, and 35 

days after CAR-T cell injection, and the number of CAR-T cells in mouse blood was detected by 

FCM. After treatment, tumor size was measured regularly, and tumor volume was calculated as 

aforementioned. At the end of the experiment, mice were sacrificed and tumors were collected, 

and the infiltrated CAR-T cells within tumor tissues were detected by immunohistochemistry. 

All animal experiments in this manuscript were approved by the Committee on Ethics of 

Medicine, Navy Military Medical University. All animals received humane care according to the 

criteria outlined in the “Guide for the Care and Use of Laboratory Animals”. 

 

Statistical analysis 

Cytological experiments were independently repeated 3 times and the data were showed as ‘mean 

± standard deviation (SD)’, as well as the in vivo animal experimental data from 5 to 8 mice per 

group. All data were analyzed by one-way analysis of variance (ANOVA) or Student’s t test. The P 

values less than 0.05 were considered statistically significant. 
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Supplementary Figure Legends: 
Figure S1 Structural schema diagrams of OncoViron (red box) and its control viruses. C3: 

three human cytokines IFN-γ, CCL5, IL-12; C2: two human cytokines IFN-γ and IL-12; mC3: 

three murine cytokines mIFN-γ, mCCL5 and mIL-12; ITR: reverse terminal repeat sequence; ψ : 

adenovirus packaging signal; SVP: Survivin promoter; mE1a-ODD: mutated E1a gene with 

C-terminal fusion of oxygen-dependent degradation domain (ODD); Ad5H48 Hexon: chimeric 

Hexon coding sequence of Ad5 and Ad48; mCMV: mouse cytomegalovirus promoter; IFN-γ: 

interferon-γ gene; F2A: 2A peptide sequence from foot-and-mouth disease virus; CCL5: 

chemokine RANTES gene; Poly(A): SV40 poly(A) sequence; IL-12: interleukin-12 gene; hCMV: 

human cytomegalovirus promoter; Ad5F11: chimeric Fiber coding sequence of Ad5 and Ad11; 

Ad5-Fiber: coding sequence of Ad5 fiber; DsRed: modified red fluorescent protein reporter gene; 

EGFP: enhanced green fluorescent protein gene; wAd5: wild type 5 adenovirus.  

 

Figure S2 Cancer-selective replication of OncoViron and its control viruses. (A) Cancer cells 

and normal cells were cultured in 96-well plates, 1×104 cells/well, and the viruses were added at 

MOI=5 pfu/cell. Cells were cultured for 48 h and 96 h, and viral titer was detected by TCID50 

method. (B) The replication activity and mE1a expression of OAVs were associated with survivin 

abundance in cells. Cells were cultured in 6-well plates, infected with viruses at MOI=5 pfu/cell, 

and collected at 0h, 48h and 96h, respectively. Viral titer was detected by TCID50 method, mE1a 

expression was detected by qRT-PCR, and survivin expression was detected by flow cytometry 

(FCM). *P<0.05, **P<0.01 and ***P<0.001. (C,D) Viral titer was detected by TCID50 and mE1a 

expression was detected by qRT-PCR. Relationship between OAVs replication and mE1a 

expression was compared. 

 

Figure S3 Functional identification of chimeric Hexon Ad5H48 in OncoViron genome, and 
OAVs-mediated high expression of anticancer cytokines and their effects on cell 
transcriptome and miRNA expression profile. (A) Functional identification of chimeric Hexon 

Ad5H48 in OncoViron genome. BALB/C mice were injected with wAd5 by tail vein, 1×108 pfu/ 

0.1ml/ mouse, 48h later, OncoViron with Ad5H48-chimerization and Ad5SVPF11-C3 without 

Ad5H48-chimerization were injected by tail vein at 1×109 pfu/ 0.1ml/ mouse. Mouse heart, lung, 

kidney and brain tissues were collected 96 h later for immunohistochemical detection of E1a 

protein. Original magnification, 100×; bar: 100 μm. (B) OAVs-mediated high expression of 

anticancer cytokines. Experimental cells were cultured in 6-well plates at 5×105 cells/well for 24 h, 

then infected with OAVs Ad5SVPF11-CCL5, Ad5SVPF11-IL12 and Ad5SVPF11-C2 

(Ad5SVPF11-IL12/ IFNγ) that express single or double cytokines at MOI=5 pfu/cell, supernatants 

were collected at 24 h, 48 h and 72 h, respectively, and the cytokine contents were detected by 

ELISA. (C) Venn diagram of OncoViron-induced changes in the number of DEGs compared to the 

OAVs carrying single cytokine in MRC-5, HCCLM3, MDA-MB-231 and SGC-996 cells. (D) The 
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volcano plot, enrichment and classification map and network map of OncoViron-mediated DEGs 

in HCCLM3, MDA-MB-231 and SGC-996 cells by KEGG analysis. (E) Dot plot of KEGG 

pathway enrichment of differentially expressed miRNA target genes in HCCLM3, MDA-MB-231 

and SGC-996 cells induced by OncoViron compared with the blank control group. (F) 

Comparison of IC50 values between OAVs (Ad5SVPF11-DsRed, Ad5SVPF11H48-DsRed) and 
the replication-deficient adenovirus Ad5-EGFP in lung cancer cells and BJ cells. ***P<0.001 

compared with Ad5-EGFP.  

 

Figure S4 Animal experiments and single-cell transcriptomic profiling for MC38 tumors in 
the Ad5SVPF11H48-mC3+Keytruda group (G4) compared with the control group (G1). (A) 
Anticancer activity of OncoViron and its control viruses in mouse xenograft models, cancer cell 

inoculation and viral therapy were referred to Figure 5A. (B) Change of mouse body weight in 

SGC-996 and MDA-MB-231 xenograft models, corresponding to Figure 5Ac, d. (C) UMAP of 

changes in the number and location of each cell type based on marker gene expression (e.g. 

Col3a1, CD68, CD3g) in MC3 tumors. (D) UMAP (top) of changes in 11 sub-clusters and violin 

map (bottom) of CNV levels among the sub-clusters. (E) Chromosome CNV distribution (left) and 

violin map (right) of CNV levels among different cell types of clusters. (F) Changes of 

macrophage number and cluster, and the expression of DEGs (e.g. CD14) among 5 clusters. (G) 
Heatmap of the changes in signaling pathways in macrophage sub-clusters (right) and the 

transcription factor interaction in cluster 5 (right). (H) UMAP plot of NK&T cells colored by 

cluster. (I) Changes of the number of NK&T cell sub-clusters. 

 

Figure S5 Spatial transcriptomic profiling for MC38 tumors in the hPD-1 humanized MC38 
model. (A) Two-dimensional t-distributed stochastic neighbor embedding (tSNE) plots (left) of 

CXCL3+ and CXCL5+ cells in cluster 6 and spatial transcriptomic feature plots (right) among G1 

to G4 groups. (B) Two-dimensional tSNE plots (left) of Igkc+ and Saa3+ cells in cluster 8 and 

spatial transcriptomic feature plots (right) among G1 to G4 groups. (C) Enrichment of terms 

involved in the differentially activated biological functions (left) and signaling pathways (right) 

among 8 clusters. (D) H&E staining and immunohistochemical detection of mE1a, CD68, CD11c 

and CD3 within the same area of serial sections in the Ad5SVPF11H48-mC3+Keytruda group (G4) 

group. Original magnification: 100×; bar: 50 μm. 

 

Figure S6 Examination of human lymphocytes in blood of Du145 xenograft mouse model. 
Du145 xenograft model in NCG mice was established and treated with OAVs combined with 

CAR-T. Peripheral blood of mice was collected at 33 (W2), 40 (W3), 47 (W4), and 54 (W5) days 

after cancer cell inoculation, and the contents of lymphocytes (hCD3+ and CAR-T cells) were 

detected by FCM. 
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