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 71 

Central Message (189/200 characters including spaces) 72 

Cytokine gene and protein expressions from biopsies and ex vivo lung perfusates are representative 73 

of the lung. Caution is advised when sampling from the lingula or lungs with focal injury. 74 

 75 

Perspective Statement (351/405 characters including spaces) 76 

In clinical diagnostics, whether a sample is truly representative of the organ has been a 77 

longstanding controversy. In this study, we examine inflammatory profiles using biopsies and ex 78 

vivo perfusates from various donor lungs, thus providing valuable insights to the sample validity 79 

of gene and protein measurements in clinical donor lung evaluation. 80 

 81 

Structured Abstract (250/250 words) 82 

Objective: Diagnosing lung injury is a challenge in lung transplantation. It has been unclear if a 83 

single biopsy specimen is truly representative of the entire organ. Our objective was to investigate 84 

the human lung inflammatory biomarkers using lung tissue biopsies and ex vivo lung perfusion 85 

(EVLP) perfusate.  86 

Methods: Eight human donor lungs declined for transplantation were air-inflated, flash frozen, and 87 

partitioned from apex to base. Biopsies were then sampled throughout the lung. Perfusate was 88 

sampled from four lung lobes in eight additional donor lungs subjected to EVLP. The levels of IL-89 

6, IL-8, IL-10, and IL-1β were measured using qRT-PCR from lung biopsies, and ELISA from 90 

EVLP perfusate.  91 

Results: The median intra-biopsy equal-variance p-value was 0.50 for mRNA biomarkers in tissue 92 

biopsies. The median intra-biopsy coefficient of variance (CV) was 18%. In donors with no 93 
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apparent focal injuries, the biopsies in each donor showed no difference in various lung slices, 94 

with a CV of 20%. The exception was biopsies from the lingula and injured focal areas that 95 

demonstrated larger differences. Cytokines in EVLP perfusate showed minimal variation among 96 

different lobes (CV = 4.9%). 97 

Conclusions: Cytokine gene expression in lung biopsies was consistent and the biopsy analysis 98 

indeed reflects the whole lung, except when specimens were collected from the lingula or an area 99 

of focal injury. EVLP perfusate also provides a representative measurement of lung inflammation 100 

from the draining lobe. These results will reassure clinicians that a lung biopsy or an EVLP 101 

perfusate sample can be used to inform donor lung selection.  102 

 103 

Key words (3-7 keywords): tissue sampling, gene expression profiling, inflammatory cytokines, 104 

ex vivo lung perfusion 105 
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Main Text (3255/3500 words) 113 

 114 

Introduction 115 

Inflammatory cytokines are an important family of biomarkers known to reflect donor lung injury 116 

during transplantation1. The significance of understanding cytokine-derived lung inflammation has 117 

been demonstrated at both the nucleic acid1–3 and protein4–8 levels. However, in these studies, lung 118 

biopsies are generally collected from a single location, and perfusate samples are usually collected 119 

from a single channel of an ex vivo lung perfusion (EVLP) circuit. It remains unclear whether 120 

these approaches truly reflect the inflammatory response across the entire organ, as donor lung 121 

injury is thought to be heterogeneous in the lung. This raises an important question regarding 122 

sampling reliability: does a small biopsy of lung tissue or single perfusate sample reflect the status 123 

of the whole lung for biological assessment?  124 

Several studies have shown that cytokines, such as interleukin-6 (IL-6), IL-8 or CXCL-8, IL-10, 125 

and IL-1β indicate the severity of inflammatory responses and can be used to determine transplant 126 

suitability1,3–6,8.  Pre- and post-transplant cytokine and chemokine levels of IL-6, IL-8, IL-10, and 127 

IL-β in plasma, EVLP perfusate, and tissue have been reported to be predictive of development of 128 

patient outcome – particularly primary graft dysfunction, a condition which contributes to the 129 

development of chronic lung allograft dysfunction1,3,8–12. While the role of these inflammatory 130 

markers in lung transplantation has been well-established, a systematic evaluation of the 131 

techniques used to collect donor lung biospecimens and study these biomarkers has not yet been 132 

conducted to date.  133 
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Herein, we provide a quantitative investigation of the regional variability in the lung of different 134 

sampling techniques and locations to determine if they are indeed reflective of the biologic status 135 

of the whole lung (Figure 1). Protein and mRNA analysis of cytokines were studied in two sample 136 

types—EVLP perfusate and tissue biopsies. In the following sections, the sampling method and 137 

signal variability will be discussed, and the results of this study will be used to provide insights 138 

into the reliability of sampling perfusates and tissue biopsies in lung transplantation.   139 

 140 

Material and Methods 141 

Study Group 142 

In both tissue biopsy and perfusate analyses described below, samples were prospectively collected 143 

at both institutions and then retrospectively analyzed. 144 

Tissue Biopsy Analysis:  Eight human donor lungs that were declined and not used for clinical 145 

transplantation at University Hospitals Leuven Lung Transplant Program (Leuven, Belgium) from 146 

2013 to 2016 were studied. Written informed consent of donors was not obtained, since local 147 

Belgian legislation stipulates that donor lungs considered to be of insufficient quality for 148 

transplantation can be offered for research (Ethics Committee University Hospitals Leuven, 149 

Belgium, Institutional Review Board number S52174, S61653). Anonymized donor demographics 150 

were collected via the local transplant coordination office and Eurotransplant. 151 

Whole lungs were inflated with air and flash frozen in liquid nitrogen vapor. A mix of left and 152 

right lungs were sliced into ten to fourteen 1 cm sections from the apex to the base (Figure 2A). A 153 
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similar sampling procedure is described in a previous study13,14. Five biopsies 1 cm3 in size were 154 

sampled from cores taken from the lung sections for analysis, with biopsies representative of 155 

anterior and posterior positions (approximately 2:1 ratio). Three of the five biopsies were sampled 156 

from the same slices across eight donor lungs, specifically slices #3, 6, and 9. Another biopsy was 157 

sampled from a site of visually apparent focal injury based on macroscopic examination of the 158 

lung slices, if one existed, and the final biopsy from each lung was sampled to best represent the 159 

lingula. Each 1 cm3 biopsy was divided into three smaller pieces and these samples were analyzed 160 

as biopsy replicates. The sampling schematic is shown in Figure 2A. In total, there were 3 samples 161 

from each biopsy, 5 biopsies from each subject, and 8 subjects, yielding n=120 samples altogether.  162 

EVLP Perfusate Analysis: Eight randomly selected donor lungs that were clinically assessed on 163 

EVLP at Toronto General Hospital, University Health Network (UHN, Toronto, Canada) between 164 

2018 and 2019 were studied. All samples and clinical information were collected with patient 165 

consent, and the study was approved by the UHN Research Ethics Board (REB#12-5488). 166 

The Toronto EVLP Technique has been previously described15. Briefly, donor lungs were placed 167 

on the EVLP circuit and perfused for three to six hours. Perfusate samples from the right upper 168 

lobe (RUL), right lower lobe (RLL), left upper lobe (LUL), and left lower lobe (LLL) of each 169 

donor lung were directly sampled from the respective pulmonary veins using a syringe with a 25-170 

gauge needle (Figure 2B). All perfusates were collected at the second hour after the start of 171 

perfusion, except for Case #9 which was drawn at the third hour, and Case #11 which was drawn 172 

at the first hour. 173 

Biomarker Quantification 174 
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Gene expression assay: mRNA expression levels of IL-6, IL-8, IL-10, and IL-1β were measured 175 

in tissue biopsies using qRT-PCR. RNA was extracted from the tissue using the RNeasy Micro 176 

Kit (Qiagen Ltd, Hilden, Germany). cDNA was synthesized with a reverse transcriptase kit 177 

(Thermo Fisher Scientific, Waltham, MA) and measured using quantitative polymerase chain 178 

reaction (qPCR) (Thermo Fisher Scientific). A calibration curve was generated using six standard 179 

points, and the initial mRNA level of each cytokine was interpolated from the standard curve. 180 

Importin 8 (IPO8) and glucuronidase beta (GUSB) were used as housekeeping genes, and the 181 

relative mRNA expressions of IL-6, IL-8, IL-10, and IL-1β were calculated by normalizing the 182 

mRNA expression to the geomean of IPO8 and GUSB by calculating the ratio. The primer 183 

sequences are included in Table S1. 184 

Protein Assay: EVLP perfusate samples were tested immediately after collection using an ELLA 185 

multiplex assay (Protein Simple, San Jose, CA), according to the manufacturer’s instructions. 186 

Unprocessed perfusate samples were loaded undiluted for IL-1β and IL-10 and diluted 50X for IL-187 

6 and IL-8 with sample diluent. Three technical replicates for IL-6, IL-8, IL-10, and IL-1β were 188 

recorded as part of the analyses.  189 

Statistical Analysis  190 

Python and John’s Macintosh Project from Statistical Analysis System (JMP Software, Cary, NC) 191 

were used. 192 

Tissue Biopsy Analysis: To investigate the intra-biopsy variance of the three samples within a 193 

given biopsy, the Brown-Forsythe equal-variance test was used. For the intra-lung analysis, One-194 

way ANOVA was conducted to compare the five biopsies within each case. One single ANOVA 195 
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technique was applied to analyze cytokine gene expressions from each donor and cytokine, and 196 

the same ANOVA technique was repeated for each donor and cytokine, as shown in Figure S1. 197 

The Tukey-Kramer method was used to compare pairs of biopsy means in each case. For each 198 

cytokine, the intra-biopsy coefficient of variance percentages (%CV) was calculated for each 199 

biopsy. The intra-lung %CV was then calculated for three groups: 1) slices #3, 6, and 9; 2) slices 200 

#3, 6, and 9 plus the injury biopsy; and 3) slices #3, 6, and 9 plus the lingula. The % CVs were 201 

then compared using the Mann-Whitney U test.  202 

EVLP Perfusate Analysis: CVs were calculated to quantify the differences in IL-6, IL-8, IL-10, 203 

and IL-1β levels between RUL, RLL, LUL, and LLL.  204 

 205 

Results  206 

Tissue mRNA Analysis: To evaluate the variation in lung tissue sampling, we first investigated the 207 

profile of inflammatory cytokine mRNA expressions in lung biopsies. Table 1 shows a summary 208 

of donor lung characteristics, including the reason for the lung being declined for clinical 209 

transplantation (Case 1-8).  210 

Inflammatory gene expression in lung biopsies was tested using quantitative real time polymerase 211 

chain reaction (qRT-PCR) for the 4 cytokines for each biopsy specimen measured in triplicate. 212 

Figure 3 illustrates a swarm plot of each individual measurement demonstrating that inter-lung 213 

variations were of the same magnitude as intra-lung variations. 214 
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Within each case, the intra-biopsy variances of each cytokine from the five biopsies were 215 

compared using the Brown-Forsythe equal-variance test. The median p-values were 0.51, 0.55, 216 

0.58, and 0.29 for IL-6, IL-8, IL-10, and IL-1β, respectively, indicating that the intra-biopsy 217 

variances were not significantly different. The median intra-biopsy CV across all eight subjects 218 

and four cytokine genes was 18.4% [12.3% – 31.8%].  219 

ANOVA and pairwise mean comparisons across the five biopsies of each donor are summarized 220 

in Figure S1, where cases are presented in rows and cytokines in columns. In each table of a 221 

specific case and cytokine, biopsy locations in rows were compared with those in columns, and 222 

any significant differences were denoted with coloured grids. Generally, IL-6, IL-8, IL-10, and IL-223 

1β gene expressions tended to be similar across biopsies 3, 6, and 9. When significant differences 224 

between biopsies were observed, it was in the lingula or focal injury area (Figure S1).  225 

Cytokine gene expression values were then pooled to investigate global variance across lung 226 

biopsies. Figure S2 shows a normalized box plot of the five biopsy types across all subjects and 227 

cytokines. Each datapoint was derived by subtracting the mean of slices #3, 6, and 9 from the same 228 

subject and cytokine, and then dividing by the standard deviation of the same group. The 229 

normalized data of all subjects and cytokines were used to show the relative cytokine levels of the 230 

five biopsies (Figure S2A). Consistent with the findings in Figure S1, both the focal injury areas 231 

(p=0.0021) and lingular (p=0.0002) biopsies exhibited significant differences from slices #3, 6, 232 

and 9 (Figure S2A), but the overall cytokine gene expression profile of the injury and lingula 233 

biopsies was equivalent to each other (Figure S2A, p=0.50). When separated by cytokine (Figure 234 

S2B-E), IL-6 and IL-8 showed no significant differences between slices #3, 6, 9 and the lingula or 235 

injury biopsies (p>0.05, Figure S2B, C). There was significantly higher IL-10 gene expression in 236 
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the injury sites (Figure S2D), whereas the lingula showed a significantly higher expression of IL-237 

1β (Figure S2E). 238 

We next investigated the presence of any global differences in the variances of gene expression 239 

for lungs rejected for graft or non-graft related reasons. Table S2 shows that the median CVs of 240 

slices #3, 6, and 9 for donor lungs declined for non-graft related reasons (Cases 2, 3, and 8) was 241 

20.3%, which did not significantly differ from the intra-biopsy CV (p=0.80). Compared to lungs 242 

rejected for graft-related reasons (Cases 1, 4-7), lungs rejected for non-graft related reasons 243 

showed a significantly lower global intra-lung variance in inflammatory gene expression (Table 2, 244 

20.3% vs. 47.4%, p=0.0017). Regardless of the reason for rejection, the variance in gene 245 

expression was approximately 50% when either the lingula or injury biopsy were added to slices 246 

#3, 6, 9 (Table 2).  247 

In donor lungs rejected for non-graft related reasons, when the lingula or the injury area biopsy 248 

was added to slices #3, 6, and 9, there was a significant 2.5-fold increase in the variation compared 249 

to slices #3, 6, and 9 alone (Table 2, p=0.026 (lingula), 0.019 (injury)). The variations of gene 250 

expressions in biopsies significantly increased with the addition of injury and lingula biopsies. For 251 

donor lungs rejected for graft-related reasons, the CV of slices #3, 6, and 9 had a non-significant 252 

increase from 47.4% to 50.7% and 57.3%, respectively, when the lingula or injury biopsy was 253 

included (Table 2). Although the overall signal variations were high, there were no significant 254 

changes in variations among different biopsy sites. 255 

Perfusate Protein Analysis:  Protein levels of inflammatory cytokines in EVLP perfusates were 256 

examined to validate the nucleic acid findings. Table 3 contains a summary of donor lungs that 257 

underwent ex vivo assessment (Cases 9-16). Figure 4 shows a swarm plot of the individual 258 
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cytokine replicates from different lung lobes measured using ELISA. Each color represents a 259 

particular lobe.  260 

The cytokine levels in EVLP perfusate were consistent across the four lobar samples (RUL, RLL, 261 

LUL, and LLL; Figure 4). The mean CVs from the four lung regions within each donor were 5.6 262 

± 3.5% for IL-6, 7.0 ± 2.6% for IL-8, 5.0 ± 1.9% for IL-10, and 6.5 ± 2.7% for IL-1β (Table S2). 263 

The reference, intra-assay CV values reported by the manufacturer were: 2.4% to 3.9% for IL-6, 264 

4.9% to 6.6% for IL-8, 4.6% to 6.0% for IL-10, and 3.7% to 4.9% for IL-1β (Table S2). Among 265 

the eight donor lungs with various injury statuses according to the lung oxygenation and EVLP 266 

outcome, lobar cytokine levels and changes in lobar cytokine levels did not vary according to 267 

different injury levels.  268 

  269 

Discussion  270 

In this study, IL-6, IL-8, IL-10, and IL-1β measurements in donor lungs were evaluated using two 271 

different biospecimen sampling techniques—tissue biopsies and EVLP perfusate sampling. In the 272 

assessment of mRNA expression, five tissue biopsies were sampled from each lung, which 273 

included three random biopsies, one biopsy from the lingula and one from a noted focal injury site, 274 

if present. IL-8 and IL-10 were found to be elevated in biopsies with focal injury. IL-8 is widely 275 

found to be pro-inflammatory, while the anti-inflammatory effect of IL-10 can contribute to tissue 276 

protection and be elevated in the presence of lung injury. IL-10 is often observed to be co up-277 

regulated with other pro-inflammatory cytokines such as IL-1β and TNF-α16. Regional EVLP 278 

perfusate samples for each of the lung lobes were additionally analysed for cytokine protein levels.  279 
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Overall, we demonstrated that cytokine mRNA expression levels throughout the human donor lung 280 

are relatively comparable. That is, a random biopsy taken from a donor lung is indeed 281 

representative of the whole lung. Exceptions were areas of the donor lungs that had a visually 282 

(macroscopically) obvious focal injury or tissue biopsies collected from the lingula. The lingula is 283 

known to represent a region in the lung with greater variability17–20 that generally should be 284 

avoided as a site for biopsy, as it is more likely to be diseased and less likely to be representative 285 

of the whole lung. Inter-lung variations in inflammatory gene expression were at least on par with, 286 

if not larger than intra-lung variations for all lungs. As expected, donor lung areas with obvious 287 

injury showed higher variability at the gene level, although no significant differences in signal 288 

variations were found between biopsy sites. Notably, cytokine proteins in perfusate samples 289 

collected during EVLP were very similar across different lung lobes. Therefore, perfusate samples 290 

collected from the EVLP circuit are a reliable and representative of the donor lung. 291 

The measurement deviations of the present study were within the acceptable error ranges in 292 

biomarker quantitation of many industrial platforms, especially given that technical errors are 293 

inevitably common in RNA extraction and qPCR21–23. The measurement variability was also 294 

consistently smaller within-biopsy than across-biopsy, indicating that tissues sampled closer 295 

together yielded more similar mRNA expression. Importantly, this study confirms that banked 296 

donor lung tissue biopsies and EVLP perfusates are suitable for biomarker studies in that they do 297 

reflect the status of the whole lung. In donor lungs without gross focal injury, biopsies collected at 298 

random sites throughout the lung had cytokine mRNA expression with variations similar to intra-299 

biopsy variations. In other words, sampling and testing tissue biopsies from different locations 300 

yielded similar variances to repeatedly measuring the same biopsy. The lack of an apparent focal 301 

injury resulted in a more homogeneous representation of the overall lung state. In contrast, donor 302 
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lungs with specific visible gross injuries exhibited heterogeneity in the lungs and different degrees 303 

of inflammation. Indeed, donor lungs that are potentially injured and marginally acceptable are 304 

more likely to be heterogeneous because infection, atelectasis and aspiration often occur in the 305 

lower lobes, while emphysema is found more often in the upper lobes24. In a prior histologic study, 306 

the authors observed high inter- and intra-lobar variations in twenty morphologic variables24. In 307 

this study, we confirmed a higher degree of variability in inflammatory cytokines in these lungs. 308 

Sampling across lungs with gross focal injuries may be valid with equal amounts of variations, but 309 

due to the inherently higher variances in gene expressions, more than one biopsy may be required 310 

to discern the effect size with sufficient power. 311 

Throughout various analyses, the lingular biopsies contributed to significant variations in biopsy 312 

mRNA expressions. This occurred in all eight subjects regardless of the status of organ injury and 313 

points to the intrinsic characteristics of the lingula rather than the discrepancies between different 314 

donors. Several previous reports have also identified concerns with the lingula showing higher 315 

involvement of diseases17–20,26,27. Existing literature that compared the lingula to other biopsies 316 

focused on the histopathological technique28–31. Many have suggested that the anatomical features 317 

of the lingula act as an isolated sink for chronic inflammation and scarring, with non-specific injury 318 

presentation unrelated to associated diffuse lung diseases17–20. Deep fissures in the lingula result 319 

in scanty parenchymal bridges, effectively blocking collateral ventilation14. In addition, drainage 320 

of mucous is difficult in the lingula due to the long and narrow lingular segmental bronchus along 321 

with the acute take-off angle. This peripheral clogging of the small airways, combined with the 322 

predisposition of mucus accumulation, result in passive congestion in the lingula and can often 323 

lead to persistent atelectasis and inflammation without underlying lung disease19,20. The RML 324 

shares a few anatomical similarities with the lingula; both have long and narrow bronchi leading 325 
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to mucus retention, inefficient collateral ventilation, and inflammation. As a result, the RML may 326 

exhibit a similar biomarker profile as the lingula, but more studies are needed to confirm this 327 

statement. 328 

Sampling of cytokines from EVLP perfusate of different lung lobes yielded very small variations. 329 

Because perfusates in EVLP are continuously being mixed and redistributed in different lobes, the 330 

transit time in which the perfusate flows through the lungs may not be long enough to result in 331 

critical differences in cytokine levels. While this may pose challenges in discerning local injuries 332 

in donor lungs, other methods such as histology and X-ray imaging could reveal any potential 333 

regional concerns. Alternatively, the circulating cytokines may influence inflammatory responses 334 

among different cell types through cytokine receptors that are widely distributed in different cell 335 

types in the lung. This may explain why anti-inflammatory therapeutics, such as IL-10 gene 336 

therapy32 or alpha-1 antitrypsin33, 34, can inhibit inflammatory responses during EVLP.  337 

For studies involving biospecimen collection to assess the donor lung for lung transplantation, the 338 

following recommendations are supported by this study: (i) a random biopsy of the lung is 339 

reflective of the overall status of the donor lung; (ii) when there is an obvious focal lung injury, 340 

collection of a biopsy of that specific site will yield important information related to that specific 341 

injury;  (iii) biopsy of the lingula should be avoided if possible due to high signal variability and 342 

intrinsic chronic inflammation; and (iv) collection of a single perfusate sample during EVLP 343 

provides a uniform picture reflective of the inflammatory state of the whole organ. One limitation 344 

of this study is the small donor pool in the biopsy cohort. It is possible that with eight donor lungs, 345 

the statistical power was insufficient to detect small differences between biopsy locations. Future 346 
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studies can expand the number of donor lungs to include a wider range of injury statuses and 347 

discern any potential differences between biopsy locations with a higher statistical power.  348 

In this present study, we confirm that a random biopsy taken from the donor lung can be expected 349 

to be representative of the whole donor lung state. Additionally, assay of inflammatory cytokines 350 

in the ex vivo lung perfusate is representative of the donor lung. Taken together these results will 351 

reassure clinicians that a biopsy of the donor lung or a sample of EVLP perfusate are indeed 352 

representative of the whole lung being examined and can be used to aid diagnosis and guide 353 

therapy. This information is particularly important and relevant as we and others continue to 354 

interrogate lung biospecimens towards the development of novel assays to diagnose injuries, 355 

predict outcomes and develop targeted treatments to heal and repair injured donor lungs for 356 

successful clinical transplantation. 357 
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Tables 479 

Table 1. Donor lung characteristics for the mRNA study cohort.  480 

Case # Age Sex Donor 

Type 

Cause of Death Smoking 

History 

Reason for 

Rejection 

Last 

pO2/FiO2 

(mmHg) 

1 29 M DCD Subdural hematoma No Contusion 360 

2 40 M DCD Cardiac arrest No Logistical 402 

3 69 F DCD Cardiac arrest No Emboli 475 

4 23 M DBD Trauma No Edema 397 

5 64 M DBD CVA Yes Smoking history 224 

6 58 M DBD CVA No Infection 174 

7 60 M DBD CVA Yes Emphysema 387 

8 52 M DBD Trauma Unknown Lobar transplant 430 

 481 

DCD = Donor after cardiovascular determination of death, DBD = Donor after brain death 482 

determination of death; CVA = cerebrovascular accident 483 

 484 

 485 

 486 

 487 
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Table 2. Global intra-lung CV (coefficient of variance) comparisons in different biopsy 488 

combinations by graft rejection type. 489 

Biopsy Combination 

Declined for Non-Graft 

Related Reasons 

(%CV [IQR]) 

Declined for 

Graft-Related 

Reasons 

(%CV [IQR]) 

S3 + S6 + S9 20.3 [13.1 – 35.2] 47.4 [33.2 – 68.4] 

p value vs. intra-biopsy 0.80 <0.0001 

S3 + S6 + S9 + Injury 50.6 [30.7 – 60.9] 57.3 [36.2 – 70.7] 

p value vs. S3+S6+S9 0.019 0.52 

S3 + S6 + S9 + Lingula 55.0 [23.2 – 78.4] 50.7 [38.0 – 67.1] 

p value vs. S3+S6+S9 0.026 0.54 

 490 

 491 

 492 

 493 

 494 

 495 

 496 

 497 
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Table 3. Donor lung characteristics for the EVLP protein study cohort.  498 

Case # Age Sex Donor 

Type 

Cause of 

Death 

Smoking 

History 

Indication for EVLP Last 

pO2/FiO2 

(mmHg) 

EVLP 

Outcome 

9 74 M DCD CVA - Adhesions, infiltrates 442 BLT 

10 44 M DBD Anoxia Active Infiltrates  360 BLT 

11 54 M DCD Anoxia - Endobronchial 
mucous  

357 SLT (L)  

12 54 M DCD MAID Former Endobronchial 
mucous 

501 SLT (L) 

13 28 M DCD Anoxia Active Suspected aspiration, 
infection 

323 SLT (R) 

14 23 M DBD Anoxia - Suspected aspiration, 
infection 

463 Declined 

15 40 M DBD CVA Former Pulmonary emboli 473 BLT 

16 49 M DBD Trauma Active Suspected infection 379 BLT 

 499 

BLT = bilateral lung transplantation, SLT (L) = single lung transplantation (left), SLT (R) = 500 

single lung transplantation (right), DCD = Donor after cardiovascular determination of death, 501 

DBD = Donor after brain death determination of death. 502 

 503 

 504 

 505 

 506 

 507 
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Figure Legends 508 

Figure 1. Overview of the study including the central question, methods, results, and implications. 509 

Figure 2. Sampling Schematic. (A) Representative image of whole lung slices #3, 6, 9, and the 510 

corresponding 1 cm3 samples of tissues biopsied. Red circles illustrate the locations of tissue 511 

biopsies taken from donor lungs. (B) Donor lungs on the EVLP circuit, from which perfusates 512 

were extracted from each lobe venous drainage (RUL, RLL, LUL, and LLL). 513 

Figure 3. Cytokine levels in tissue biopsies. Colour swarm plots for IL-6 (A), IL-8 (B), IL-10 (C), 514 

and IL-1β (D) mRNA measurements. Datapoints are color-coded by their sampling location in 515 

each donor lung (x-axis). The triplicates are sample replicates in each biopsy. The black solid lines 516 

show means within cases while the green dotted lines show the global mean across all cases. 517 

Figure 4.  Cytokine levels in EVLP perfusate collected from different lung lobes. Swarm plots for 518 

IL-6 (A), IL-8 (B), IL-10 (C), and IL-1β (D) protein measurements in EVLP perfusate fluid. 519 

Datapoints are color-coded by their sampling locations across individual donor lungs (x-axis). 520 

Technical replicates were performed in triplicate. The black solid lines show means within cases 521 

while the green dotted lines show the global mean across all cases. 522 

Figure S1. Cytokine gene expression levels in biopsy specimens. The Tukey-Kramer pairwise 523 

comparison staircase diagrams for all biopsies and cytokines in Cases 1-8. Darker colours 524 

represent lower p values (threshold=0.05, 0.01, 0.001), red grids indicate cytokine levels were 525 

higher in the given row, and green grids indicate cytokine levels were higher in the given column. 526 

For the intra-biopsy equal-variance tests and ANOVA, the degree of freedom for the numerator of 527 
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the F distribution (i.e., for the between-group variation) is 4, and the degree of freedom for the 528 

denominator of the F distribution (i.e., for the within-group variation) is 10. 529 

Figure S2. Normalized cytokine expression levels by biopsy locations.  Datapoints in the box plots 530 

are normalized to the mean and standard deviation of the slices #3, 6, and 9 biopsies of the 531 

corresponding donor and cytokine. All (A), IL-6 (B), IL-8 (C), IL-10 (D), IL-1β (E). *p<0.05, 532 

**p<0.01, ***p<0.001 533 


