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Fusion Toxin Proteins (FTPs) 

Immediate-early HCMV protein (IE) 

Monocyte-derived dendritic cells (mDCs) 

Human foreskin fibroblasts (HFFs) 

 

Abstract 

Background: Transmission of latent human cytomegalovirus (HCMV) via organ transplantation 

with post-transplant viral reactivation is extremely prevalent and results in substantial adverse 

impact on outcomes. Therapies targeting the latent reservoir within the allograft to mitigate viral 

transmission would represent a major advance. Here, we delivered an immunotoxin (F49A-FTP) 

that targets and kills latent HCMV aiming at reducing the HCMV reservoir from donor lungs 

using ex-vivo lung perfusion (EVLP). Methods: HCMV seropositive human lungs were placed 

on EVLP alone or EVLP+1mg/L of F49A-FTP for 6 hours (n=6, each). CD14+ monocytes 

isolated from biopsies pre and post EVLP underwent HCMV reactivation assay designed to 

evaluate viral reactivation capacity. Off-target effects of F49A-FTP were studied evaluating cell 

death markers of CD34+ and CD14+ cells using flow cytometry. Lung function on EVLP and 

inflammatory cytokine production were evaluated as safety endpoints. Results: We demonstrate 

that lungs treated ex-vivo with F49A-FTP had a significant reduction in HCMV reactivation 

compared to controls, suggesting successful targeting of latent virus (76% median reduction in 
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F49A-FTP vs. 15% increase in controls, p=0.0087). Furthermore, there was comparable cell 

death rates of the targeted cells between both groups, suggesting no off-target effects. Ex-vivo 

lung function was stable over 6 hours and no differences in key inflammatory cytokines were 

observed demonstrating safety of this novel treatment. Conclusions: Ex-vivo F49A-FTP 

treatment of human lungs targets and kills latent HCMV, markedly attenuating HCMV 

reactivation. This approach demonstrates the first experiments targeting latent HCMV in a donor 

organ with promising results towards clinical translation.  

 

Introduction 

Human cytomegalovirus (HCMV) is a ubiquitous virus with a mean seroprevalence 

amongst the world's population of 83%
1
. HCMV is the most common and single most important 

viral infection in solid organ transplant recipients. It has adverse impact on patient outcomes 

after transplantation
2
, including tissue invasive viral disease

3
 and acute and chronic graft 

dysfunction
4
. The risk of HCMV-related mortality after lung transplantation is highly dependent 

on the HCMV status of both the donor and recipient. Seronegative recipients who receive lungs 

from seropositive donors (D+/R- status) are at highest risk for HCMV complications
5
. Clinical 

practice does not attempt to avoid HCMV mismatch since greater than 50% of donors are 

HCMV seropositive donors (HCMV+) and current antiviral therapy has an important role in 

minimizing the impact of the disease post-transplantation. However, HCMV management 

remains a challenge due to breakthrough, resistance and drug toxicity. 

The main obstacle to HCMV treatment is that the virus is primarily in a latent state at the 

time of organ transplantation. The available antivirals are not effective in reducing the burden of 

the virus within the graft since these drugs only target the virus in its lytic phase. Some cell types 
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support latent infection, including CD34+ myeloid progenitor cells and CD14+ monocytes, and 

these cells express a number of latency-associated viral proteins, some of which are located on 

cell membranes
6
. Specifically, HCMV latently infected cells express the viral protein US28, a G-

coupled transmembrane receptor expressed on the surface of latently and lytically infected cells, 

which functions as a chemokine receptor
7
 and can activate or repress pathways linked to 

proliferation depending on cell type 
6,8

. A novel chemokine-based immunotoxin called F49A-

FTP
9
, developed using the technology of fusion toxin proteins (FTP), targets and kills latently 

infected cells with HCMV. F49A-FTP is based on a CX3CL1 chemokine variant F49A that is 

engineered to be selective towards US28 over the endogenous CX3CR1 receptor conjugated to 

the Pseudomonas aeruginosa exotoxin A. It was engineered to have ultra-high affinity and 

specificity for US28, which has high binding affinity for CX3CL1. Once F49A-FTP binds to 

US28, it is internalized with the receptor, and the pseudomonas exotoxin is cleaved off from the 

chemokine moiety and subsequently induces apoptosis
10

. In previous studies, F49A-FTP has 

been shown to 1) kill latently infected monocytes and CD34+ progenitor cells, 2) reduce HCMV 

viral burden in naturally, latently infected CD14+ monocytes, 3) reduce the frequency of virus 

reactivation in vitro, and 4) reduce viral replication in humanized mice infected with HCMV
9,10

. 

Normothermic ex-vivo lung perfusion (EVLP) is a well-established method of donor lung 

preservation, assessment and treatment
11,12

. Previous studies have shown that EVLP can be used 

as a platform to decrease donor lung inflammation and treat donor bacterial pneumonia
13–15

. 

More recently, we have demonstrated this platform's use to treat hepatitis C virus and Epstein-

Barr virus
16–18

. We thus hypothesized that F49A-FTP could form the basis of a novel approach to 

greatly reduce the clinical threat of HCMV+ lung allografts in the transplant setting by providing 
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therapy with the novel fusion toxin protein during EVLP to mitigate or eliminate HCMV 

reactivation after transplantation. 

 

Materials and Methods 

Study Design: To evaluate efficacy of F49A-FTP to target and kill latent HCMV from donor 

lungs, we had to first establish a model of HCMV reactivation from primary lung tissue. Once 

this was achieved, we moved on to the EVLP treatment phase (Fig 1A). 

Donor Lungs and EVLP: HCMV+ human donor lungs (n=12, Table S1) declined for 

transplantation in Canada were used. This study was approved by Trillium Gift of Life Network 

(TGLN, organ donation organization) for donors with research consents and had all necessary 

biosafety certificates for the study at University Health Network, Toronto. Upon arrival at our 

institution, lungs were randomly allocated to either (1) EVLP alone or (2) EVLP with F49A-FTP 

(Fig 1B). All lungs were perfused for a total of 6h. Tissue samples were collected from baseline 

(pre-EVLP), and end of perfusion (post-EVLP) and perfusate samples were collected at 1h, 3h 

and 6h of perfusion. All samples were properly processed to evaluate either efficacy or safety of 

the treatment (Fig 1A). The Toronto technique of EVLP was employed for all experiments
19

.  

Treatment and detection of F49A-FTP: 1 mg/L of F49A-FTP was delivered directly through 

the pulmonary artery after reaching first hour of perfusion. The dose was based on previous in 

vivo studies
10

 and calculated based on the total volume of circulating perfusion. To quantify 

concentration of F49A-FTP during perfusion, perfusate samples from 1h, 3h, and 6h were 

analyzed using the human CX3CL1/Fractalkine quantikine ELISA kit from R&D systems. Serial 
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dilution of F49A-FTP was used to create the standard curve for the assay. All samples were run 

in duplicate and quantified following kit instructions.  

HCMV reactivation from lung tissue: Refer to supplementary methods for detailed 

methodology of this assay (Fig S1). Briefly, CD14+ cells were magnetically sorted from fresh 

lung tissue and cultured in differentiation media (X-VIVO 15 + 10% FBS + 50µM of 

hydrocortisone) to achieve proper cell differentiation for HCMV reactivation. After 8 days, 

monocyte-derived dendritic cells (mDCs) were co-cultured with 3x10
3
 human foreskin 

fibroblasts (HFFs, ATCC SCRC-1041) per cm
2 

of growth area in a 50:50 mixture of DMEM 

(ThermoFisher) and X-VIVO15 by Lonza for three weeks to amplify the reactivated virus. Cells 

were then stained for immediate-early (IE) HCMV protein (Abcam 53495) to visualize and 

quantify the reactivation events using immunofluorescence
9
.  

Off-target analysis: To evaluate viability and apoptosis of cells expressing CX3CR1, samples 

were stained with antibodies targeting CD14, CD16, CD45, CD34 and Annexin V and evaluated 

using flow cytometry. Proportion of live and apoptotic CD14+ and CD34+ cells were taken in 

pre- and post-EVLP samples and analyzed by calculating the ratio of post-to-pre EVLP to 

normalize data within donors.  

Lung physiological parameters: Important lung function parameters to assess lung injury and 

edema formation were recorded hourly during EVLP. All of the parameters were analyzed as 

delta of change from 1h to 6h of perfusion to correct for heterogeneity of donors.  

Cytokine analysis: Lung tissue and perfusate samples were evaluated for inflammatory response 

using a human multiplex cytokine assay from R&D systems. TNF-, IFN-, IL-6, IL-8, IL1-, 
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IL-2, M-CSF and GM-CSF were measured following manufacturer’s protocol. The analytes 

were read and analyzed with Luminex MAGPIX instrument (Biotechne, Minnesota, USA).  

Statistical analyses: To adjust for the baseline variability across all metrics of the rejected 

human donor lungs, measurements were expressed as the proportional changes after the start of 

perfusion. The Mann-Whitney U test was used to compare the differences between both groups. 

For correlation inferences, a simple linear regression analysis was performed. Figures and 

statistical analyses were done using GraphPad Prism 8.0 software (GraphPad Software). 

Statistical significance was defined at p < 0.05. 

Results  

Reactivation of latent cytomegalovirus from primary human lung tissue  

In order to demonstrate that F49A-FTP treatment of the donor lung during EVLP could 

eliminate latent HCMV and prevent viral reactivation, it was critical first to investigate whether 

HCMV could be reactivated from seropositive human lung tissue biopsies. To do this, biopsies 

from HCMV+ lungs (n=3) underwent cell sorting to specifically select monocytes, which are 

known cellular reservoirs of latent HCMV. These cells were cultured with an 

immunosuppressive media to stimulate differentiation and maturation to mDCs, essential for 

reactivation of latent viral genomes 
20

.  

After magnetic cell isolation, we achieved a cell population that consisted of 98.9%, 

97.5% and 97.3% CD14+ cells for each different donor, demonstrating effective isolation of cells 

of interest to proceed with the reactivation protocol (Fig 2A-B are representative images of one 

donor lung tissue). Fig 2C shows that sorted cells incubated with differentiation media clearly 

differentiated into mDCS, which did not occur for control cells incubated with control media. 

Finally, we co-cultured these mDCs with HFFs, a cell type fully permissive for HCMV 
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productive infection, and quantified infectious foci in the fibroblasts by immunofluorescent 

staining for HCMV IE-1/2 as a measure of reactivation of infectious virus (Fig 2D). The average 

number of reactivation events for each donor measured with HCMV IE-1/2 staining was 33%, 

44% and 16% of the total number of cells in each assay. The same reactivation protocol was 

applied in the second phase of the study for all of our 12 donor lung pre- and post-EVLP samples 

with consistent results. We concluded that this newly developed cell culture model using CD14+ 

cells isolated from HCMV+ donor lungs was able to consistently quantify HCMV reactivation 

events which was a critical step to evaluate the effect of our treatment during EVLP.  

F49A-FTP delivery through EVLP significantly reduces HCMV reactivation 

To evaluate the therapeutic effect of F49A-FTP delivered ex-vivo to human donor lungs, 

we studied 12 HCMV+ donor lungs rejected for transplantation. Donors were tested using 

ELISA for HCMV IgG titer and only included in the study if seropositive, confirming latent 

HCMV infection. Tissue biopsies were sampled from similar locations at baseline (pre-EVLP) 

and at the end of perfusion (post-EVLP) for subsequent HCMV reactivation studies, as described 

above, to assess efficacy of the compound. Treatment with F49A-FTP markedly reduced viral 

reactivation (Fig 3A). Untreated control EVLP lungs demonstrated a median increase from 

baseline of 32% [-16% to +112.5%] in viral reactivation, whereas F49A-FTP EVLP treated 

lungs demonstrated a significant median reduction of 76% [-15% to -99.9%], p = 0.0087 (Fig 

3B). One donor lung from the control group did not have evidence of viral reactivation from 

either pre- and post-EVLP tissue samples and after detailed review of pre-transfusion serology, 

we confirmed that this donor was actually HCMV seronegative. This donor was excluded from 

primary analysis to avoid bias and confounding results.   
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The majority of the treated donor lungs demonstrated more than 75% reduction in viral 

reactivation, and two donors demonstrated more than 95% reduction; however, we did notice 

slight variability in efficacy. We quantified the concentration of F49A-FTP in perfusate samples 

and correlated with the efficacy of F49A-FTP for each donor lung to elucidate if this variability 

was due to different drug uptake for each lung. To determine F49A-FTP levels in perfusate, we 

used a bioassay that detects CX3CL1, since the immunotoxin is based on the soluble 

extracellular domain of this US28 binding ligand. As this assay can detect endogenous 

production of CX3CL1, we normalized the data relative to the first hour (before adding F49A-

FTP). The average concentration of CX3CL1 was 119,978 ± 80,061 (mean±SD) pg/mL in the 

treated lungs vs. 8,140.4 ± 12,181.5 (mean±SD) pg/mL for controls, p=0.004 (Fig 3C) indicating 

tissue uptake of the drug. Interestingly, we observed a correlation between the uptake of 

CX3CL1 and our immunotoxin's efficacy: the lungs that presented higher levels of reduction in 

viral reactivation were the ones with lower levels of F49A-FTP in perfusate, indicating improved 

drug uptake (r
2
=0.75, p=0.02) (Fig 3D).   

Several factors could be involved in this difference in drug uptake, such as drug 

distribution through dependent and non-dependent regions of the lungs due to uneven perfusion 

during EVLP. To evaluate the role of regional drug delivery disparities, we performed one proof-

of-concept EVLP where we treated HCMV+ lung with F49A-FTP and collected biopsies from 

the different lung regions after 4h of perfusion. When compared to controls, viral reactivation 

was indeed different for each region of the lung (Fig S2 A-B): the upper non-dependent regions 

of the lung presented 31.2% ± 14.2% (mean±SD), while the lower dependent regions presented 

only 14.5% ± 5.2 (mean±SD).  

F49A-FTP delivery through EVLP does not result in off-target effects 
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US28 has 38% homology to the human chemokine receptor CX3CR1
21

, which is 

expressed on cells from the myeloid lineage, and could, therefore, be targeted non-specifically by 

F49A-FTP. This non-specific targeting could lead to possible adverse effects on the lung graft 

due to the potentially high number of cells that could undergo F49A-FTP-associated 

programmed cell death (apoptosis). To account for the inter-donor heterogeneity in our samples, 

we used post-to-pre EVLP cell ratios to analyze each measurement's proportional change from 

baseline. 

The number of live and apoptotic CD14+ monocytes and CD34+ cells showed no 

significant differences when comparing both groups (Fig 4A-B). Since only the minority of 

CD14+ and CD34+ cells in the lungs are expected to be latently infected with HCMV, this result 

suggests that no major non-specific binding occurs, consistent with previous findings of a 200-

fold higher affinity of F49A-FTP towards US28 relative to CX3CR1
10

.  

F49A-FTP delivery through EVLP does not induce acute lung injury 

We also evaluated if F49A-FTP treatment had any adverse impact on lung function 

parameters. Functional parameters such as graft oxygenation, static and dynamic compliance, 

peak and plateau airway pressure, and pulmonary artery pressure were evaluated. We did not 

observe any difference in lung physiological parameters between control and F49A-FTP treated 

lungs during 6h of perfusion, suggesting that F49A-FTP does not induce acute deleterious effects 

on human lungs during EVLP (Fig 4C-H). 

To further investigate safety of the novel therapy in human lungs, a broad panel of 

inflammatory cytokines associated with lung injury
22

, including TNF-alpha, IFN-gamma, IL-6, 

IL-8, IL1-, IL-2, M-CSF, and GM-CSF, were assessed in perfusate at 1h, 3h, and 6h and in lung 
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tissue before and after EVLP with or without F49A-FTP. No significant differences between 

groups were observed in any of the cytokines assessed within the panel (Table 1).  

Discussion  

Herein, we demonstrate the proof of concept of targeting a chronic latent viral infection 

in donor lungs prior to transplantation. By delivering this novel chemokine-based immunotoxin 

via EVLP, we demonstrate the feasibility and efficacy to target and kill latent HCMV in 

seropositive human donor lungs. The first critical step in this study was to investigate the 

possibility of reactivating HCMV into a lytic and replicative phase from human donor lung tissue 

samples to assess the treatment efficacy. Once this was achieved, we demonstrated that F49A-

FTP treatment during EVLP markedly reduced HCMV reactivation compared to controls. 

Furthermore, we did not find any evidence of lung injury associated with the treatment. 

Transmission of latent HCMV from donor to recipient with post-transplant viral 

reactivation is an important reason for decreased survival and quality of life in transplant 

recipients
23

. To that end, the current strategy to prevent HCMV disease is antiviral prophylaxis 

with valganciclovir or ganciclovir for extended periods. This prophylactic strategy has led to 

significantly improved outcomes for these patients by decreasing the risk of HCMV infection, 

disease, and the indirect effects of the virus
24,25

. However, this strategy remains a challenge due 

to resultant toxicity
26

 and, despite increasingly prolonged antiviral prophylaxis courses, HCMV 

infection and disease still occur in a significant proportion of patients. Current rates of HCMV 

reactivation show that, even with six months of prophylaxis, 48.8% of D+/R- patients develop 

late-onset HCMV infection, as did 33.9% of D+/R+ patients
27

. Once reactivation occurs, the 

treatment consists of intravenous ganciclovir or oral valganciclovir. Under this treatment regime, 

drug resistance can develop, which is exceedingly difficult to manage with long-term mortality 
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as high as 70%
28

. Thus, a strategy to minimize HCMV reactivation via a donor intervention, such 

as the one described here, could be very impactful.  

F49A-FTP treatment during EVLP did not have a uniform effect, with some cases 

presenting almost universal elimination, whereas others less than 50%. Donor lungs used for this 

study were declined for clinical transplantation for several different reasons, which resulted in a 

heterogeneous group of lungs with different injuries and degrees of inflammation, which may 

impact drug distribution and subsequent efficacy. Our current EVLP protocol, which uses 40% 

of cardiac output as a calculated flow, may result in heterogeneous lung perfusion leading to sub-

optimal drug delivery
29

. Although we performed only one proof-of-concept perfusion evaluating 

F49A-FTP efficacy in the different lung regions, we could clearly observe better performance of 

the drug in the better-perfused areas. Also, to corroborate this finding, we analyzed F49A-FTP 

uptake in the treated lungs perfusate and observed a correlation between drug uptake and 

efficacy. We believe that before moving to a clinical study, the treatment delivery needs to be 

further optimized. To achieve this, two different approaches could be explored: (1) a dose-

escalation study to determine dose-response and potential toxicity, and (2) modifications in the 

EVLP perfusion parameters in order to optimize the perfusion distribution within the lung tissue. 

Short periods of increased EVLP flows - up to 100% - have also been used in our clinical EVLP 

experience to test lung function without any side effects
30

. 

Due to the innovative aspect of this approach, the precise degree of latent viral 

reservoir removal required to prevent HCMV transmission is not known. However, past studies 

in leukodepletion of blood products allow reasonable estimates of the level of reduction required 

to have a clinically relevant impact. In adult dialysis patients or recipients of hematopoietic stem 

cells receiving blood products, 94–98% of leukocyte depletion largely prevented transfusion-

                  



 13 

transmitted HCMV
31

. As such, we believe that a 1-2 log-fold (90-99%) reduction in US28-

expressing cells will provide a clinically relevant benefit in preventing HCMV transmission. In 

addition, lower levels of reduction (e.g., in the 70-90% range) may still lead to meaningful 

clinical benefit by reducing the burden of latent virus transmitted with the allograft.  For 

example, the large latent burden of the virus in the graft is thought to be one of the contributing 

factors to a higher risk of HCMV in lung transplantation compared with kidney or liver 

transplantation
32–34

. Additionally, the latent virus load is the key parameter that determines risks 

of recurrence during immunosuppression
35

, and experimentally lowering the latent virus in mice 

strongly affects the incidence of HCMV recurrence
36

. Ultimately, clinical trials will provide 

more definitive answers.  

 Our study limitation is that, while we have shown the immunotoxin's efficacy with a 

novel HCMV reactivation assay from lung tissue, a logical step would be to demonstrate its 

effect in an EVLP followed by a lung transplant model. However, since F49A-FTP specifically 

targets human cells, we could not rely on our well-established pre-clinical animal models for this 

study. Although a few humanized mouse models have been studied to evaluate HCMV infection 

and reactivation
37,38

, these models are not well established in lung transplantation. Of note, there 

is no mouse EVLP platform available documented to date. Previous studies with the 

immunotoxin administered to humanized mice actively infected with HCMV have shown 

efficacy in HCMV killing and even demonstrated better results than the clinically used 

antivirals
10

. This is because US28 is also expressed during lytic infection.  

 In summary, we have demonstrated that the delivery of F49A-FTP can target and kill 

latent HCMV infection in human donor lungs during EVLP. Most importantly, this treatment 

significantly reduces subsequent reactivation of the virus. This approach should be further 
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explored in a proof of concept clinical trial to evaluate true safety and impact of the novel 

therapy on outcomes after lung transplantation.  
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Figure 1. Study design schematic. The overall study design consisted of two main phases (A). 

We first developed a reliable assay to reactivate HCMV from human lung tissue biopsies in 

order to evaluate F49A-FTP treatment efficacy. After successful development, we moved on to 

treat HCMV+ lungs during ex-vivo lung perfusion and evaluated specific efficacy and safety 

endpoints.  Regarding specifically the study design of the EVLP phase (B), HCMV seropositive 

human donor lungs were retrieved as per clinical practice and rejected for clinical transplantation 

based on clinical criteria. Upon arrival, human lungs were randomly allocated to either EVLP 

alone (n=5) or EVLP with 1 mg/L of F49A-FTP (n=6). One donor lung from the control group 

was excluded from the study due to lack of viral reactivation which, after review of pre-

transfusion serology, was confirmed to be a HCMV seronegative donor. Both groups underwent 

6 hours of perfusion, and the following were collected: (1) fresh tissue biopsies at 0h and 6h; (2) 

perfusate at 1h, 3h, and 6h; (3) hourly functional assessment of the lung. F49A-FTP was added 

through the PA after the 1
st
-hour assessment. Figure created with BioRender. 
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Figure 2. Reactivation of HCMV in primary human lung tissue. (A) Three HCMV 

seropositive human lung tissue biopsies were properly digested into single cell suspensions and 

underwent cell sorting using CD14+ magnetic microbeads. (B) Before sorting and immediately 

after separation, single-cell suspension from whole lung tissue was stained for CD45+, CD14+, 

CD16+, and ZombieAqua viability stain and checked with flow cytometry. The proportion of 

viable CD14+ cells was taken from total live CD45+ cells. In our experiments, proper sorting 

was achieved where 97.9% ± 0.5% of cells consisted of CD14+ cells. (C) Positive CD14+ cells 
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were then cultured in differentiation media for seven days to induce differentiation into mDCS. 

Whilst no differentiation was visualized when CD14+ cells were cultured with control media 

(left panel), cells cultured in media with HC resulted in larger cells with elongated cytoplasmatic 

projections and irregular nuclei (red arrows). (D) After a further 21 days of co-culture, 

reactivation of infectious virus was quantified with immunofluorescence for HCMV IE. Positive 

reactivation was considered when there was nuclei co-localization of both Hoechst (left panel) 

and HCMV stains (middle panel). Data within samples was normalized by dividing the total 

number of IE by the total number of cells. IE: immediate early (IE) protein antibody. A and B 

were created with FlowJo. 
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Figure 3. F49A-FTP delivered during ex-vivo lung perfusion reduces HCMV reactivation 

events in human lungs. Fresh tissue samples from pre- and post-EVLP from both study groups 

underwent the HCMV reactivation studies to assess F49A-FTP efficacy. (A) The 

immunofluorescence analysis shows a marked reduction in viral reactivation in the F49A-FTP 

treated group (right panel) compared to control lungs (left panel). (B) Quantitative analysis of 

immunofluorescence demonstrates a median reduction from baseline of 76% in the treated group 

compared to a median increase of 32% in the control group (Mann-Whitney test; the middle 
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horizontal line represents the median value, the upper and lower whiskers represent the IQR, and 

individual values are displayed for each group [squares for control and triangles for treatment]). 

To further explore the immunotoxin distribution in our treated lungs, the concentration of F49A-

FTP was measured by detecting fractalkine in the perfusate samples. (C) The concentration of 

fractalkine was much higher in the treated lungs compared to controls, indicating the presence of 

our immunotoxin in the perfusate solution. (Mann-Whitney test; bars represent median 

concentration, and each donor is represented with individual symbols). (D) A simple linear 

regression analysis shows a correlation between uptake of fractalkine and efficacy of F49A-FTP, 

where the lungs that showed the most reduction in viral reactivation were the ones with lower 

levels of F49A-FTP in the perfusate. (Solid line represents the linear regression slope, and 

dashed lines are the 95% confidence intervals). The asterisks (∗P < .05) denotes a significant 

difference. IE: immediate early (IE) protein antibody. 
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Figure 4. Safety of F49A-FTP delivery during ex-vivo lung perfusion. The possibility of an 

off-target effect of F49A-FTP with consequent adverse effects on the lung graft due to the 

potentially high number of cells that could undergo programmed apoptosis was evaluated with 
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flow cytometry by quantification of live and apoptotic CD14+ monocytes and CD34+ cells in 

lung tissue samples. (A-B) Post-to-pre EVLP ratios were calculated to account for donor 

variability and normalize data within donors. No differences were noted in live or apoptotic cells 

between control and treated groups. (Mann-Whitney test; bars represent median ratio; each 

donor's ratio is represented with individual symbols). (C-H) From the beginning to the end of 

EVLP (6h-1h), the physiologic evaluation results showed no difference between groups. (Mann-

Whitney test; middle bar represents median with lower and upper limits and each donor 

represented with individual symbols). Ns: non-significative. 
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Table 1. Inflammatory Cytokine Levels in EVLP Perfusate and Tissue 

Cytokine Levels in EVLP Perfusate    

Change from Baseline (6h – 1h) Control (pg/mL) F49A-FTP (pg/mL) P value 

IL-1β 76.6 [-8.0 – 810.2] 101.4 [5.2 – 795.3] 
0.699 

IL-6 2541.5 [249.4 – 5954.0] 3161.4 [179.3 – 5382.8] 
0.699 

IL-8 1206.0 [-4.9 – 2591.4] 
1373.6 [-60.2 – 2584.0] 0.937 

IL-2 
25.3 [-0.7 – 48.0] 29.6 [4.3 – 43.0] 0.969 

TNF-alpha 
20.8 [-22.8 – 231.6] 2.1 [-11.2 – 95.8] 0.699 

IFN-gamma 
15.6 [0.6 – 32.8] 14.1 [0.0 – 30.5] 0.900 

M-CSF 
2239.3 [1535.3 – 2639.6] 3763.8 [733.8 – 4593.6] 0.132 

GM-CSF 5.0 [2.3 – 17.0] 14.1 [7.0 – 71.0] 0.093 

Cytokine Levels in Tissue   
 

Change from Baseline (Post – Pre) Control (pg/mg) 
Treatment (pg/mg) P value 

IL-1β 
860.7 [-451.0 – 2129.0] 380.0 [-1118.0 – 2414.2] 0.662 

IL-6 
419.7 [-205.6 – 2359.9] 463.7 [-241.4 – 2531.4] 0.930 

IL-8 
151.6 [13.0 – 341.8] 87.4 [-263.5 – 103.6] 0.051 

IL-2 
1.22 [0.18 – 6.0] 0.6 [-8.7 – 8.9] 0.329 

TNF-alpha 
0.19 [-0.3 – 0.99] 0.0 [-27.8 – 0.99] 0.547 

IFN-gamma 
0.6 [-0.7 – 40.0] 1.65 [-1.6 – 7.8] >0.999 

M-CSF 
-3584.0 [-9127.5 - -550.6] -409.4 [-8491.4 – 8935.5] 0.246 

GM-CSF 
-0.5 [-12.0 – 11.6] 4.9 [-45.0 – 35.2] 0.536 

Definition of abbreviations: EVLP = ex-vivo lung perfusion. Data expressed as median [IQR].  

 

 

                  


