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Supplemental Discussion: 

Electrical remodeling in combined AF and heart failure: 

The well-known association between lone AF and APD shortening is less reliably observed in heart 

failure.  Li et al. were first to report that heart failure caused atrial remodeling in a dog model of 

ventricular tachypacing.1 They noted that after 5 weeks of right ventricular tachypacing without AF, 

dogs had increased AF inducibility, atrial structural remodeling but in that original report they saw no 

change in atrial APD.  In a follow-up study, the same group compared 2 weeks of atrial, ventricular and 

combined tachypacing.2  They found over that shorter duration that heart failure increased atrial APD. 

The effects of heart failure and AF appeared to neutralize each other, with combined AF and heart 

failure having no change in atrial APD relative to normal controls and decreased atrial APD relative to 

heart failure animals. It was not clear from these 2 studies if tachypacing duration was a relevant factor 

or if it was just a discrepancy between the two reports.  Schoonderwoerd et al. found a similar reduction 

in AF effects on atrial APD with 4 weeks of combined atrial and ventricular tachypacing in goats.3 

 Reported data for humans is more complex, likely due to the differences in cardiac disease 

severity, tissue sources, and measurement techniques between reports.  Molina et al., Workman et al. 

and Schreieck et al. found no significant difference in atrial APD comparing heart failure patients to 

controls.4-6  In contrast, Schmidt et al., Sanders et al., Fedorov et al. and Koumi et al. all found increased 

atrial APDs in heart failure patients compared to controls.7-10  Of these, Schmidt and Molina studied AF 

in addition to heart failure, and both found that AF shortened the atrial APD.  In Schmidt’s case where 

the atrial APD was prolonged with heart failure, the APD in combined AF and heart failure was not 

statistically different than sinus rhythm-no heart failure controls. For Molina, where the atrial APD was 

unaffected by heart failure, the atrial APD in AF-heart failure was shorter than sinus rhythm-no heart 

failure controls.    
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 Our pig data agree with a prior study by Lugenbeil et al showing no change in atrial APD in pigs 

with combined AF and heart failure.11  In this report we show that atrial APD is not significantly 

different in pigs with sustained AF and heart failure relative to sinus rhythm-no heart failure controls.  

Pulling all of these observations together, a consistent observation is that AF shortens APD, either from 

a normal baseline in subjects without heart failure, or from a potentially increased value in heart failure 

subjects.  The effects of heart failure on atrial structural remodeling appear consistent across several 

reports.  The effects of heart failure on atrial electrophysiology are not consistent, which may be a 

function of the extent of heart failure (reports with more severe heart failure seem to show increased 

atrial APD), species differences, technical differences, or other as yet unidentified factors.  Since the 

combined entity of AF and heart failure is so prevalent, further careful study, paying attention to these 

potentially confounding factors, is warranted.   

Inflammatory pathways and atrial structural remodeling 

It was with some surprise that we found no effect of CaMKIIn gene transfer on the atrial inflammatory 

cell infiltrate.  We suspect that the lack of effect was due to redundancy in inflammatory drivers, so that 

block of a one signaling cascade is insufficient to eliminate the inflammatory pull of the multiple 

interconnected pathways stimulated by AF.  Several inflammatory signaling pathways have been 

associated with AF, including the TNF-α, TGF-β, NF-κB and PPARγ pathways (for more 

comprehensive review, please see Hu et al.12). Participating cells in these inflammatory cascades include 

cardiac myocytes, fibroblasts, endothelial cells and inflammatory cells.  In our study, gene delivery 

occurred at a single time point, so transduced cells would have included atrial myocytes, fibroblasts and 

any inflammatory cells that were present at the time of gene transfer, but recruited fibroblasts and 

inflammatory cells would not have been affected by our intervention.  Our data suggest that even with 

CaMKII inhibition, sufficient signaling is still present within the atria to recruit inflammatory cells.   
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Recent study by Willeford et al. showed that CaMKIIδ (the relevant cardiac isoform) contributed 

to inflammation in a transgenic mouse model that was exposed to angiotensin II.13 They exposed mice to 

angiotensin-II for between 1 hour and 3 days and found that mice with cardiac-specific deletion of 

CaMKIIδ had reduced NF-kB activation, inflammation and fibrosis. The differences between 

Willeford’s model (hours to a few days angiotensin-II exposure in transgenic mice) and our model (1-2 

weeks of combined, severe atrial and ventricular stress in pigs) make the results difficult to compare.  

The mouse model has no significant apoptosis, which is a prominent component of the AF response in 

our data and others.  With these caveats, the Willeford results suggest that CaMKII activation is an early 

component in the inflammatory cascade, and our results suggest that other factors may become 

prominent at later timepoints overwhelming the anti-inflammatory effects of CaMKII block 

A recent report by Yao et al. suggests that atrial myocyte signaling through the NLRP3 

inflammasome may explain some of this inflammatory signaling.14  Yao found that components of the 

NLRP3 inflammasome were increased in patients with long-standing persistent AF. They also noted 

increases in some but not all components of the same pathway in dogs with atrial tachypacing and 

CREM mice. They created a transgenic mouse line with cardiomyocyte-specific expression of NLRP3 

and found among other things an increase in atrial hypertrophy and fibrosis. They observed an increase 

in Mef2c, and they speculated that the NLRP3-mediated inflammation and hypertrophy acted through 

CaMKII via the Mef2c pathway.  They did not directly measure CaMKII, and others have shown that 

Mef2c signaling can be driven by a variety of factors, including phosphatidylinositol 3-kinase, 

calcineurin and protein kinases A and C among others.15-17  The data of Yao illustrates the complexity of 

issues surrounding inflammation, fibrosis, apoptosis and hypertrophy.  The complex interplay of these 

multiple signaling pathways will require extensive study with independent manipulation of the various 

candidates, which is beyond the scope of our report. 
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Supplemental Methods: 

Adenovirus Vectors. Details of virus construction have been previously published.18 The transgene 

insert consisted of: CMV promoter – Human CaMKIIn (CAMK2N2) – internal ribosome entry site –  

green fluorescent protein. Amplification of virus stock was achieved using conventional cell culture, and 

virus purification was performed with Adenopur columns following the manufacturer’s instructions 

(Puresyn, King of Prussia, PA). Virus identity was confirmed by sequencing the transgene.  Virus 

particle concentration was calculated from ultraviolet light absorbance at 260 nm and the ratio of 

absorbance at 260 and 280 nm. The infectious titer was determined by plaque assay. The absence of 

replication competent adenovirus was confirmed by lack of PCR amplification of the E1 gene.  

Transgene expression was confirmed by qPCR detection of CaMKIIn.  The resulting virus stock was 

stored at -80o C before use. 

Painting solution. As previously described,19 the painting solution was prepared by chilling saline 

solution to 4°C and gradually adding poloxamer F127 (BASF Corp, Mt Olive, NJ). The mixture was left 

stirring at 4°C overnight to allow the poloxamer to completely dissolve into solution. On the morning of 

the procedure, trypsin (250 USP units/mg, BD Diagnostics, Sparks, MD) stock solution was added to the 

poloxamer/saline and the resulting solution was filter sterilized using a 200 μm filter that had been 

chilled to 4o C prior to use.  Immediately before use, adenovirus stock solution was added to the 

trypsin/poloxamer/saline solution. The final solution included 200 mg/ml poloxamer F127, 5 mg/ml 

trypsin, and 1×109 pfu/ml of the virus Ad-CaMKIIn. Immediately before painting, the solution was 

warmed at 37°C to achieve a firm gel consistency. 

Experimental protocol. All animals received humane care in compliance with the NIH’s Guide for the 

Care and Use of Laboratory Animals.  The protocols were approved by the Institutional Animal Care 

and Use Committee. A total of 35 Yorkshire pigs (weight, 25 – 30 kg) were divided into three groups: 
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(a) 7-day sinus rhythm, (b) 7-day AF and (c) 14-day AF (Figure 1A). Animals were randomized within 

groups to no virus control and AdCaMKIIn gene painting subgroups, with 5 animals per time point per 

subgroup. In the 14-day group, an additional subgroup named AFPC (n=5) with gene transfer of Ad-

CaMKIIn and an equivalent level of AF or pacing as control was added at the end of the study. The 

AFPC animals were not randomized.  

 Each animal underwent an initial procedure that included echocardiogram, electrophysiology 

study, and epicardial painting of the virus/poloxamer/trypsin solution. For the AF animals, an atrial 

pacemaker was implanted at the initial procedure, and the pacemaker was activated immediately after 

the procedure to deliver burst pacing at 42 Hz frequency with a continuous 2 second on/off duty cycle. 

Animals were monitored on a daily basis with rhythm assessment. On post-operative day 7 or day 14, 

animals underwent electrophysiology study, echocardiography, and cardiac extraction for histology and 

molecular analysis. At the termination study, animals in AF were cardioverted at least 30 minutes before 

any data collection.  The 7-day AF animals were used to assess structural remodeling, molecular and 

electrophysiological properties at peak gene effect.  The 14-day animals were sacrificed after gene 

expression began to wane but in a time frame when structural remodeling is better established. 

Pacemaker implantation and gene delivery.  After sedation (telazol 1.5 mg/kg IM, ketamine 1.5 

mg/kg IM and xylazine 1.5 mg/kg IM), and induction of anesthesia (isoflurane 0.5% to 1.5%), an 

echocardiogram was performed.  The surgical site was prepared and draped in sterile fashion, and the 

right external jugular vein was accessed by cut-down. The chest was opened by median sternotomy and 

the pericardium was incised. An invasive electrophysiology (EP) study was performed as described 

below in detail. After EP study, 5 ml of the painting solution was painted on both atria using a painting 

brush. All epicardial surfaces were exposed by manipulating the heart. Each painting area was coated 

twice for 60 seconds each, and 60 seconds were given between painting coats in a pattern of alternating 
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60-second left and right atria painting for twice. After painting, the heart was exposed to air for 10 

minutes to permit virus penetration. 

 For pacemaker implantation, an active-fixation lead was placed through the right external jugular 

vein into in the right atrial myocardium using fluoroscopic guidance. Successful lead placement was 

confirmed by assessment of electrogram size and pacing threshold of the implanted lead. The pacing 

lead was connected to a Medtronic stimulator (Itrel-3), which was placed in a subcutaneous pocket in 

the neck. The chest and neck incisions were closed, and the isoflurane anesthesia was discontinued. 

When the animal was recovering from anesthesia, the pacemaker was programmed to burst pace at 42-

Hz frequency and 7.5-V output for 2-second increments that alternated with 2-second pauses. The only 

exception was for the AFPC group, which underwent an adjusted pacing protocol so that the amount of 

burst pacing in the AFPC group was equal to the amount of burst pacing and AF in the AF-control group 

(Supplement Figure 1). 

Echocardiogram. At the time of gene transfer and at the termination study, animals underwent 

echocardiogram using a Sonos 550 Ultrasound System (Hewlett-Packard, Andover, MA) equipped with 

a 1.5-MHz probe (Acuson, Siemens, Malvern, PA). At the termination study, animals in AF were 

cardioverted at least 30 minutes before echocardiogram.  Left atrial and left ventricular end-diastolic 

diameters and ejection fractions were measured from 2-chamber and 4-chamber images of the heart 

using machine-loaded software.  

 Left ventricular end-diastolic diameter was measured from the apical 4-chamber view basal to 

the insertion of the papillary muscles for consistent location.  Left ventricular ejection fraction was 

measured using end-diastolic and end-systolic views by tracing the endocardium in each view and using 

the machine-loaded software to calculate ejection fraction.  
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 Left atrial end-diastolic diameter was measured from the short axis view where it was visualized 

posterior and left of the aortic valve.  Left atrial ejection fraction was measured in apical 2- and 4-

chamber views tilted to visualize the appendage.  Left atrial ejection fraction was measured using end-

diastolic and end-systolic views by tracing the endocardium in each view and using the machine-loaded 

software to calculate ejection fraction. 

Electrophysiology (EP) study. EP study was performed at the initial and termination procedures as 

described elsewhere.20, 21 All data were recorded during sinus rhythm or constant rate pacing. At the 

termination procedure, any animals in AF were cardioverted to SR at least 30 minutes before EP study. 

A conventional 12-lead ECG was recorded with standard positions. Monophasic action potential (MAP) 

recordings were acquired with a 7-French MAP catheter (Boston Scientific, Natick, MA) positioned at 

the center of 10 pre-designated epicardial atrial regions and in the basal region of the ventricles, adjacent 

to atrial sites 4 and 9 as reported previously.19 MAP duration was measured as the interval from the 

steepest part of the MAP upstroke to the level of 90% repolarization (MAPD90) during regular pacing 

with a drive-train cycle length of 400 ms. 

 Intra-atrial conduction time was measured by pacing at 400 ms cycle length from a catheter 

placed at the anterior junction of the superior vena cava and the right atrium—the approximate position 

of the sinus node (SN), and measurement of conduction time at the tip of the left atrial appendage 

(LAA). The physical distance between catheters was measured by aligning surgical sutures closely on 

the heart surface at gene transfer and termination study to calculate conduction velocity from SN to 

LAA.  

Rhythm. The daily electrocardiogram (ECG) was recorded with a 4-lead telemetry system on a strip as 

described.20 All the groups of animals received 2-3 minute daily recordings (60 assessable 2 second off-

pacing segments) except that the AFPC group received 2-5 minutes of recording due to the adjusted 
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pacing protocol. Animals were awake and alert at consistent levels from one recording to the next. Three 

investigators (ZL, JEF and JKD) blinded to study group assessed rhythm during the off-pacing 

segments. We defined SR as the presence of any sinus beats during the off-pacing segments and AF as 

the absence of organized sinus beats through a 2-second segment. Sustained AF was defined as the 

absence of sinus beats through the whole recording. 

Histology. Atrial tissue samples were fixed with 10% formalin, embedded into paraffin, cut to 5-μm 

thickness sections. Hematoxylin and eosin (H&E) staining was for evaluation of nuclear and cellular 

size, inflammation and myolysis. H&E stained samples were examined at 400x magnification by the 

light microscope (Nikon Eclipse TE 2000-S, Nikon). In each atrium, 7-10 random microscope areas 

were selected. For nuclear and cell size measurements, images were taken from each of these areas and 

7-10 cardiac muscle cells and their corresponding nuclei were randomly selected in each image. Of note, 

only cross-sectional-cut cardiomyocytes were selected for quantification to ensure consistency.  For 

inflammation and myolysis, a grade was assigned by each reviewer for these measures based on our 

previously published criteria (Supplement Figure 6).22, 23 

 Masson’s trichrome stain was used to identify the percentage of myocardial tissue area that was 

fibrotic. Masson’s trichrome stained samples were assessed at 100x magnification. Seven random fields 

of views were selected from each slide. The amount of fibrosis % was defined as the areas of fibrosis 

divided by total tissue area. Atrial fibrosis, including interstitial and perivascular fibrosis, was selected 

for the analysis with an exclusion of the pericardial fibrosis/adhesion region that was present in all post-

surgical specimens.  

Image processing. The quantification of nucleus/cellular areas and atrial fibrosis % were achieved using 

custom-developed semi-automated image processing algorithms based on MATLAB 2015a 

(MathWorks Inc. Natick, MA) validated and assisted by manual analysis using ImageJ (NIH, Bethesda, 
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MD). The processing methods are shown graphically in Supplement Figures 7 and 8.  The investigator 

performing the analysis (ZL) was blinded to animal study group identity.  Prior to data analysis, the 

semi-automatic analysis protocols were validated by comparison to manual results from 3 observers in a 

blinded fashion using ImageJ software and no statistically significant difference existed between the 

automated methods and average results from the manual image analysis methods. 

 Nuclear and cell size quantification: the H&E stained images were firstly pre-processed for 

uneven illumination correction, intensity adjustment and contrast enhancement. In typical H&E images, 

the nucleus was stained blue and the cytoplasm was stained red. The global intensity thresholds were 

calculated to separate nucleus, cell cytoplasm and backgrounds. Nuclei and cells on the edges of the 

images were cleared and artifact was removed to obtain the contours of nucleus and cytoplasm. 

Watershed algorithm was applied to separate adjacent nuclei and cells.24-26 After segmentation, the 

centroids of nucleus-cell pairs were numbered. From all the pairs, we randomly selected 7-10 

nucleus/cell pairs in cross-section cut and quantified nuclear and total cellular areas.  

  Fibrosis% quantification: the Masson’s trichrome staining images were converted from RGB 

space to L*a*b color space where the colors were classified using Kmeans clustering algorithm to 

separate fibrosis (stained blue), myocardium (stained red) and artifact (stained white) as described.27, 28 

Epicardial fibrosis was excluded by a series of steps including dilation, erosion and subtraction of the 

images.  

Terminal deoxynucleotidyl transferase mediated biotinylated UTP nick end labeling (TUNEL) 

labeling. Cell apoptosis was examined by the standard TUNEL assay using TACS 2 TdT in situ 

apoptosis detection KIT-DAB/Fluor from R&D Systems (4812-30-K, Trevigen, MD) following the 

protocols by the manufacturer. The investigator performing the analysis (ZL) was blinded to study group 

identity at the time of the analysis.  After rinsing with PBS, the slide was mounted with the ProLong 
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Gold Antifade Reagent (Molecular Probes, OR) to stain the entire nucleus in DAPI, and a coverslip was 

attached. 7-20 microscope fields were randomly selected depending on the sizes of tissue specimen 

(200x magnification) and approximately 500 myocytes were included in each section. All images were 

taken at the same microscope settings to ensure consistency. The TUNEL and DAPI images were 

merged to calculate TUNEL-positive index which is equal to the number of TUNEL positive nucleus 

divided by the total number of nucleus and multiplying 100%. 

Quantitative Polymerase Chain Reaction.  Flash frozen tissue samples were kept at -80 C.  Total 

RNA was extracted by RNeasy-Mini Kit (Qiagen), and reverse transcription used the Superscript first 

strand synthesis system (Invitrogen).  After reverse transcription, the amount of cDNA was adjusted to 

10ng, and quantitative PCR was performed in triplicate using the Taqman method (PE Applied 

BioSystems), with an ABIprism 7900HT (PE Applied BioSystems) and commercially available Taqman 

primers for CAMK2N2 (Applied BioSystems assay ID Hs00536421_m1) and GAPDH (Applied 

BioSystems assay ID Hs02758991_g1).  We used the delta-delta-Ct method for quantification and 

normalized CAMK2N2 gene expression to GAPDH expression. 

Western Blot. Immediately after cardiac extraction, cardiac tissues were frozen in liquid nitrogen and 

stored at -80o C. Protein was physically dissociated and homogenized in Tissue Lysis Buffer (Promega, 

Madison, WI) containing 1% protease and phosphatase inhibitors (Promega) for 2 x 2 minutes at 30 Hz 

using a Tissuelyser II (Qiagen, US).  Samples were centrifuged at 12,000 rpm for 15 minutes at 4 o C to 

isolate the membrane fraction. Protein concentrations were determined by the BCA protein assay 

(Thermo Scientific, Rockford, IL) on a spectrophotometer. The lysates containing approximately 20 µg 

of protein were subjected to electrophoresis on 4-12% Bis-Tris gels (Bio-Rad, Hercules, CA), 

transferred to nitrocellulose membranes, blocked with 5% BSA, and probed at 4oC over night with 

rabbit anti-CaMKII antibody (1: 1000, Ab181052, Abcam, Cambridge, MA), rabbit anti-T286-
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phosphorylated-CaMKII (1:1000, Ab32678, Abcam), rabbit anti-m281/282-oxidized-CaMKII (1:1000, 

supplied by Mark Anderson) 29, rabbit anti-HDAC4 (1:200, sc11418, Santa Cruz Biotechnology, Santa 

Cruz, California), rabbit anti-S632-phosphorylated-HDAC4 (1:1000, Ab39408, Abcam), rabbit anti-p38 

MAP Kinase (1:1000, cs9212, Cell Signaling Technologies, Danvers, MA), rabbit anti-Thr180/Thr182-

phosphorylated-p38 MAP Kinase (1:1000, cs9211, Cell Signaling Technologies), rabbit anti-ERK 1/2 

(1:1000, cs9102, Cell Signaling Technologies), rabbit anti-Thr202/Thr204-phosphorylated-ERK 1/2 

(1:1000, cs9101, Cell Signaling Technologies), rabbit anti-JNK (1:1000, AF1387, R&D Systems), 

mouse anti-phosphorylated-JNK(1:500, sc6254, Santa Cruz), and rabbit anti-beta actin (1:3000, 

Ab8227, Abcam) as control protein. Membranes were then incubated with secondary anti-rabbit 

(1:4000, sc2004, Santa Cruz) or anti-mouse (1:2000, sc2005, Santa Cruz) IgG antibodies. Separate blots 

were run for SR, 7-day AF and 14-day AF animals, and the comparisons reported for SR vs. 7-day AF 

vs. 14-day AF were performed using the normalized expression levels of the control animals across 

these 3 gels.  Different blots were used for each protein of interest, except that the HDAC4 and p-

HDAC4 blots from the 7-day AF animals were both performed on the same blot.  The protein of interest 

and the loading control protein (β-actin) were always measured from the same blot.  For each protein, all 

blots from all groups were run at the same time using the same materials.  For consistency, β-actin was 

used as the loading control protein for all blots.  If these two proteins overlapped, the protein of interest 

was interrogated first, and then the membranes were stripped with stripping buffer (Prod #21059, 

Thermo Scientific) at 40 o C for 30 minutes before reprobing for β-actin. Immunoreactive bands were 

visualized with the western blotting luminol reagent (sc-2048, Santa Cruz). The Western blot images 

were scanned digitally with the Amersham Imager 600 (GE Healthcare Life Sciences) and optical 

density was quantified by ImageJ software.  
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Statistical analysis. For cardiac rhythm, echocardiography and histology analyses, the investigators 

performing the analyses were blinded to animal study group. For rhythm analysis, the SR percentage 

equals to the number of non-pacing segments with SR divided by the total number of non-pacing 

segments on daily telemetry recordings. The AF/burst-pacing burden was calculated as the combined 

time of AF and pacing divided by the total ECG recording time. They were analyzed by Poisson 

regression with a generalized estimating equations model to address animal-level clustering. In 

comparisons between multiple subgroups (SR vs. 7- and 14-day AF controls, or 14-day AF subgroups), 

one-way analysis of variance (ANOVA) was used with post-hoc Tukey testing between specified 

subgroups. Data were presented as mean ± S.E.M.  Owing to non-normality distribution, the 7-day SR 

and AF Western blot analyses were compared with non-parametric Mann–Whitney U test. Statistical 

analysis was performed using SPSS Statistics. All statistical tests were conducted at the significance 

level of p<0.05. 
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Supplement Figure 1: AFPC group 

AFPC adjusted burst pacing protocol
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Supplement Figure 1: Explanation of atrial fibrillation pacing control (AFPC) group. This group 
was designed to replicate the total AF and burst pacing stress on the atria in CaMKIIn-
expressing animals to eliminate AF/burst pacing burden as a confounder for structural 
remodeling.  The burst pacing burden for all other groups was 50% (2 second on/off cycling).  
To reproduce the burst pacing/AF burden of the AF control group, the daily percentage of non-
burst pacing segments showing AF was added to the baseline burst pacing time of 50% to give 
a total percentage of time with either AF or burst pacing.  The burst on and burst off times in the 
pacemaker were reprogrammed daily in the AFPC group to reproduce the total AF/burst pacing 
time measured in the AF-control group. 
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Supplement Figure 2: Electrophysiological data from sacrifice study: (A) P-wave duration during 
sinus rhythm and intra-atrial conduction time during pacing at the sinus node (SN) and recording at 
the tip of the left atrial appendage (LAA), and (B) monophasic action potential duration to 90% 
repolarization (MAPD90).  Atrial MAPD90 measurements are the average of 5 measurements per 
chamber per animal. * p<0.05 compared to control.
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B
Supplemental Figure 3
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Supplement Figure 3: Western blots of the 
indicated proteins for the 14-day AF animals. (A)
raw Western blots. (B) summary data showing no 
between-group differences at the 14-day time point. 
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Supplement Figure 4
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Supplement Figure 4: Sinus rhythm animals.  (A) Echocardiographic measures of left atrial (LA) end-
diastolic diameter and ejection fraction (LAEF) and left ventricular (LV) end-diastolic diameter and 
ejection fraction (LVEF) were not different between groups.  (B) histology measures of nuclear and cell 
area and fibrosis were not different between groups.  (C) Electrophysiological measures of atrial 
conduction and repolarization did not differ between groups. (D) Protein expression for various 
proteins in the CaMKII signaling pathways also did not differ between groups.
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Supplement Figure 5: Western blots of the 
indicated proteins for the 7-day SR animals.  
Normalization was to the within-blot β-actin band 
shown for each blot.
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Supplement Figure 6
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Supplement Figure 6: examples and descriptions used for assigning myolysis and 
inflammation grades to the histology samples.
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Supplement Figure 7
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Supplement Figure 7: schematic illustrating the image processing steps used to 
measure cell and nuclear sizes.

25



A

Supplement Figure 8 
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Supplement Figure 8: schematic showing the processing to quantify fibrosis.

26



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


