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Extended Experimental Procedures 

Antibodies for confocal and conventional fluorescence microscopy and for Western blotting. 

Antibodies were purchased from Abcam: biotinylated anti-Ad-Hexon (#ab34374, final dilution 

1/100), anti-Ad5 (#ab6982, final dilution 1/50).  Anti-mouse CD68 and CD11b-specific antibodies 

were also from Abcam, UK. Secondary antibodies and reagents were from Jackson Immunoresearch: 

Cy2 or Cy3-labeled streptavidin, or donkey anti-rat or rabbit antibodies, Cy2-, Cy3- or HRP-labeled. 

For Western blot analyses, rabbit monoclonal antibody 4D4G (from Cell Signaling Technology, 

USA) was used to detect Ser396 phosphorylated mouse IRF3. Goat polyclonal antibody Cat#AF4454 

from R&D Systems, USA, was used to detect total IRF3 in mouse samples.  

 

Immunofluorescence analyses of tissues. Mice were euthanized and livers were collected, frozen in 

O.C.T. compound and stored at -80°C until processed. Five consecutive 6-8 m sections at 4 depth 

levels in the liver were cut, air dried, fixed for 10 minutes in acetone at -20°C, air dried for at least 4 

hours, re-hydrated in TBS for one hour, blocked in 2% N.S. for 1 hour and incubated with primary 

antibodies overnight at 4°C with or without 0.1% saponin depending on the antigen. Then, sections 

were incubated with HRP-labeled secondary antibodies for 1 hour. Slides were developed with 

ImmPact DAB or NovaRed substrates (Vector Laboratories), air dried, mounted, and analyzed on a 

Leica microscope. For immunofluorescence stainings, slides were immediately mounted after 

washing off the secondary antibodies. Images were taken using CCD camera-equipped Leica dual 

light fluorescent microscope. Four representative images were taken for each section cut from tissues 

at least 3 depth levels.  

For the analysis of macrophage cell death in vivo, mice were injected with the indicated 

pathogen and then with 50 g of propidium iodide (Sigma, Cat #81845) 5 to 15 minutes prior to 

tissue harvesting. Livers were collected, frozen in OCT and sectioned.  Distribution and quantity of 
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PI-permeable cells were analyzed using fluorescence microscopy without any further section 

processing. Images of representative and defined fields were collected using the red-channel and 

slides were fixed in acetone and stained with CD68-specific antibodies to visualize macrophage 

distribution. Images of the same fields of liver sections that were previously collected in the red 

channel were re-taken using the green (CD68
+
) channel and both images were super-imposed using 

Adobe Photoshop program to define the number of CD68
+
 cells with PI-positive nuclei as described 

above. For each experimental setting, at least 500 CD68
+
 cells were analyzed for PI-permeability for 

each strain.      

 

Assessment of virus replication in vivo and histopathology and function of the liver. The amounts 

of alanine aminotransferase (ALT) and asparagine aminotransferase (AST) in the serum were 

determined 48 hours after virus infection at the Clinical Pathology Core laboratory of the University 

of Washington Medical Center using established protocols. To define gross anatomical changes in the 

liver, livers were harvested from mice 48 hours after the wild type HAdv5 virus infection, frozen in 

OCT, sectioned, and stained with hematoxyllin and eosin. Virus DNA concentrations in the liver after 

the virus infection were determined by quantitative real-time PCR. Primers specific to HAdv5 hexon 

gene (5’-GACTCCTAAAGTGGTATTGT-3’ and 5’-ACACCTCCCAGTGGAAAGCA-3’) were 

added to the power SYBR Green reaction mixtures (Applied Biosystems) and run on 7500 real-time 

PCR machine (Applied Biosystems) in absolute quantification mode with standards prepared from 

HAdv5 DNA that was spiked with mouse genomic DNA. Cycling conditions were 95
0
C-1min, 60

0
C-

1.5min for 40 cycles. Results are shown as HAdv5 genome copies per 10 ng of total mouse liver 

genomic DNA. 

 

Generation of mice deficient with Bax and Bak. To generate mice deficient in both BAK and 

BAX, Bak
-/-

Bax
fl/fl

 mouse strain #6329 was purchased from Jackson Laboratories and bred to Tie2-

CRE transgenic mice (Schlaeger et al., 2005). In Tie2-CRE mice, the CRE recombinase is expressed 



under the control of Tie2 promoter and expressed only in hematopoietic and endothelial cells. The 

ablation of Bax alleles in hematopoietic compartment was verified by differential PCR analysis using 

DNA purified from peripheral blood or bone-marrow cells from progeny mice with genotypes Bak
-/-

Bax
/

Cre
+
. Mice, deficient in both Bak and Bax also exhibit spleenomegaly. Upon tissue harvesting 

for analyses, the spleen sizes were evaluated and recorded as an additional phenotypic marker of 

efficient ablation of Bak and Bax in hematopoietic compartment.  

 

Analysis of plasma LDH. Mice were injected with HAdv or L.monocytogenes and at 30 min (for 

HAdv), and at 60 min (for L.monocytogenes) post infection, the blood was collected from vena cava 

upon tissue harvesting. Plasma samples where prepared from the whole blood and 10 l aliquotes 

were immediately used in triplicate analyses for LDH activity using TOX7 “In vitro Toxicology 

Lactic Dehydrogenase Assay kit” from Sigma-Aldrich (St. Louis, MO) as described by the 

manufacturer without any modifications. 

 

Legends to Supplemental Figures 

 

Figure S1. Liver resident macrophages lose plasma membrane integrity after interaction with 

HAdv at various doses; relates to Figure 1. (A) Mice were infected with indicated doses of wild 

type HAdv (virus particles per mouse) and 45 minutes later PI was injected intravenously. Mice were 

sacrificed 15 minutes later, and livers were harvested, frozen in OCT and sectioned. The images of 

PI
+
 cells (red) were taken using conventional fluorescent microscopy on dry liver sections without 

any processing to avoid PI diffusion. Then, sections were fixed and stained with anti-CD68 antibody 

(green) and images of the same fields as for red channels were taken for green channels to visualize 

the distribution of CD68
+
 liver macrophages. Note that numerous macrophages in the liver 

parenchyma became PI-permeable even at the lowest virus dose applied. N = 4. Representative fields 

are shown. Scale bar is 50 m.  (B) Infection of hepatocytes mouse in vitro and in vivo or mouse bone 



marrow-derived macrophages in vitro with HAdv per se does not trigger necrotic cell death and 

instead results in efficient expression of a virus-encoded transgene. For the analyses shown, indicated 

doses of HAdv5-based vector, expressing GFP were used for cell infection. GFP expression was 

analyzed 24 to 48 h later. Representative fields are shown. N = 5. (C-F) The percentage of PI-

permeable CD68
+
 cells in the liver parenchyma of indicated gene-deficient mice 60 minutes after 

challenge with HAdv. N = 5. Error bars represent standard deviation of the mean. 

 

Figure S2. Confocal and electron microscopy analyses of HAdv interaction with CD68
+
 liver 

macrophages after intravenous virus injection into WT and IRF3-deficient mice; relates to 

Figure 2. (A) Confocal microscopy analysis of liver sections of WT and IRF3-deficient mice after 

staining of the sections with anti-CD68-Mab (green), anti-HAdv Ab (red) and DAPI (blue). Note that 

CD68
+
 cells in the livers of both WT and Irf3

-/-
 mice efficiently accumulate HAdv particles (indicated 

by arrows). (B, C) Ultrastructural changes observed in macrophages of the Irf3
-/-

 mice after challenge 

with HAdv, analyzed by transmission electron microscopy. Irf3
-/-

 mice were injected with 5x10
11

 vp 

kg
-1

 of HAdv and 15 minutes later, animals were sacrificed and livers were harvested and processed 

for transmission electron microscopy. In mock-infected groups of wild type mice (WT-Mock) (B), 

mice were injected with saline. Note that macrophages in virus-injected Irf3
-/-

 group (C) contain 

mitochondria with normal morphology (blue arrows). However, numerous double membrane-layered 

vacuoles are present in the cytosol of virus-containing cells. The HAdv particles are shown by red 

arrows. Double membrane leyer vesicles are shown by green arrows. Representative images are 

shown. N = 3.  

 

Figure S3. Distribution of PI-permeable cells on sections of the livers of WT and IRF3-deficient 

mice after infection with indicated pathogens; relates to Figure 3. Wild type (WT) and Irf3
-/-

 mice 

were infected with indicated pathogens. After 45 minutes for HAdv2 and ts1 viruses, and after 60 

minutes for L.monocytogenes and hly infection, livers were harvested and frozen in OCT. Images of 



representative fields were taken using fluorescence microscopy. N = 5. Mock – mice were injected 

with saline. Scale bar is 50 m.  

 

Table S1. Mouse strains used in the current study (relates to all experiments). 
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Mouse Strain Mutated Gene Reference

 Caspase-1/11-KO Caspase-1  and Caspase -11 (Kuida et al., 1995)

Caspase-2-KO Caspase-2 Stock #7899, Jackson Laboratories

Caspase-3-KO Caspase-3 Stock #6233, Jackson Laboratories

Caspase-6-KO Caspase-6 Stock #6236, Jackson Laboratories

Caspase-7-KO Caspase-7 Stock #6237, Jackson Laboratories

Caspase-8-flox/flox Caspase-8 (Salmena et al., 2003)

Caspase-8-flox/flox Caspase-8 (Ch'en et al., 2008)

ASC-KO Pycard (Mariathasan et al., 2004)

RAIDD-KO Cradd (Berube et al., 2005)

RIP3-KO Ripk3 (Newton et al., 2004)

RIP3/Caspase-8 Ripk3 and Casp8 (Oberst et al., 2011)

MyD88-KO Myd88 (Kawai et al., 1999)

TRIF-KO Ticam1 Stock #5037, Jackson Laboratories

Cathepsin-B-KO Ctsb (Vasiljeva et al., 2008)

Cathepsin-L-KO Ctsl (Roth et al., 2000)

Cathepsin-S-KO Ctss (Shi et al., 1999)

IRF3-KO Irf3 (Sato et al., 2000)

IPS1/MAVS/VISA-KO Mavs(Kawai et al, 2005, Seth et al, 2005, Xu et al, 2005, Meylan et al, 2005)

DAI Zbp1 (Ishii et al., 2006)

STING-KO (Gt/Gt) Tmem173 (Sauer et al, 2011)

IL-1a-KO Il1a (Horai et al., 1998)

IL-1b-KO Il1b (Shornick et al., 1996)

IL-1a/b-KO Il1a  and Il1b (Horai et al., 1998)

IL-1b/IL-18-KO Il1b  and Il18 (Sarkar et al., 2006)

IL-1RI-KO Il1r1 Stock #3245, Jackson Laboratories

IL-1RI/TNF-RI-KO Il1r1  and Tnfrsf1a Stock #3244, Jackson Laboratories

LyzM-CRE - Stock # 4781, Jackson Laboratories

TLR2 Tlr2 Stock #4650, Jackson Laboratories

TLR4 Tlr4 (Hoshino et al., 1999)

TLR7/8 Tlr7  and Tlr8 (Hemmi et al., 2002)

TLR9 Tlr9 (Hemmi et al., 2000)

PPIF Ppif Stock #9071, Jackson Laboratories

gp91phox/NOX2 Cybb Stock #2365, Jackson Laboratories

p47phox/NOXO2 Ncf1 Stock #4742, Jackson Laboratories

        Bak-/-Baxfl/fl Bak and Bax Stock #6329, Jackson Laboratories
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(Kawai et al, 2005, Seth et al, 2005, Xu et al, 2005, Meylan et al, 2005)




