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Conclusions
Unlike other human tissues that can be sampled via surgical biopsy, retinal 
tissue must be obtained post-mortem, requiring collaboration with eye 
banks or other tissue procurement organizations. Biomedical researchers 
studying retinal diseases are increasingly requesting human donor retinal 
tissue, often with a short post-mortem interval (PMI)—defined as the time 
between a donor’s death and final tissue preservation—typically ranging 
from 4 to 12 hours. 
 While eye banks are committed to supporting ocular research, legal 
constraints and logistical challenges often limit their ability to meet these 
time-sensitive requests (see Figures A and B). Our previous study 
demonstrates that even a modest expansion of the acceptable PMI range 
could help overcome these barriers and nearly double the availability of 
donor eyes suitable for retinal research.1

  Extending the acceptable PMI range, when supported by systematic 
evidence, could significantly increase the availability of human retinal tissue 
for research without compromising data integrity. To evaluate the feasibility 
of this approach, we examined transcript and protein abundance at two 
distinct PMIs to assess potential molecular changes over time.

Hospital alerts eye bank of potential donor
(pending death or deceased)

Eye bank starts initial screening.

Hospital alerts eye bank when donor family leaves
(Families may stay with their loved one’s body for several hours)

Eye bank contacts legal NOK to discuss donation.

Eye bank contacts NOK for authorization to recover eyes 
Average donor death to authorization time is 7.0 hours. 

(Median = 5.5, SD = 4.7) 

Eye bank dispatches trained tissue recovery technician
Average donor death to recovery time is 12.6 hours.

(Median = 11.5, SD = 6.1) 

Recovered tissue is returned to the eye bank
Average donor death to check-in is 17.0 hours.

(Median = 15.8, SD = 8.2)

Summary of Ocular Tissue Donation Process

Ocular tissue donation process. The process begins when the eye 
bank receives notification from the hospital of a potential donor’s 
death. The average time-to-completion of specific stages of this 
process are noted. NOK = Next of kin. Full years: 2022-2023.

A B Donor Eyes Recovered and Returned to Eye Bank
(Full years: 2022-2023)
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Tissue availability based on death to recovery interval and PMI. 
Number of research donors subdivided by 4-hour time intervals 
for death to recovery and death to check-in from whom ocular 
tissues were recovered and returned to the VisionGift laboratory 
for final tissue processing or preservation from January 1, 2022 – 
December 31, 2023.

Macula superior to fovea
RNA-seq
Measure: transcript abundance
Performed by: Floragenex, Inc.

Macula inferior to fovea
TMT-MS/MS
Measure: protein abundance
Performed by: Proteomics Shared Resource, OHSU

Collection of donor retinas:
Donor eyes were recovered from post-mortem donors (N=7 pairs) and 
stored at 2 – 8°C. The OD retina was collected at 12 hours and the OS 
retina at 18 hours post-mortem. Retinas were flash frozen with liquid 
nitrogen and stored at -80°C.The macular region superior to the fovea 
was used for RNA sequencing (RNA-seq).The inferior region was 
processed for TMT-tandem mass spectrometry (TMT-MS/MS). 

RNA Sequencing:
RNA library preparations were performed simultaneously (Watchmaker 
RNA Kit). The libraries were amplified, and a post-ligation cleanup was 
applied using SPRI beads (Beckman Coulter). The final libraries were 
sequenced on the Illumina NovaSeq6000 S1 300 in 2x150bp fashion 
(sequencing of all samples were conducted on the same chip). The 
cleaned reads were aligned to the human GRCh38 (GENCODE 
v32/Ensembl 98) reference genome using the splice-aware aligner STAR. 
The HTSeq-count tables were imported into R for differential expression 
analysis using DESeq2.2 
TMT-Mass Spectrometry:
Proteins were isolated and labeled with one of 14 TMTPro isobaric tags. 
All 14 samples were analyzed in a single TMT-mass spectrometry run. 
Proteomic data were analyzed using the previously established PAW 
pipeline.3 Data was normalized using the trimmed mean of M-values 
(TMM) normalization method. MS scans were matched to peptide 
sequences at a 1% false discovery rate (FDR). 
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Donor ID Age DtoC DtoR Tissue Recovered Cause of death
2024-0686 80 1:07 8:26 Whole eyes Septic Shock
2024-0722 80 2:23 3:24 Whole eyes Respiratory Failure
2024-1108 77 1:58 4:03 Whole eyes Pancreatic Cancer
2024-1259 64 2:11 5:06 Whole eyes Respiratory Failure
2024-1287 77 2:22 5:24 Whole eyes Dementia
2024-1408 47 2:36 3:43 Posterior Poles Anoxic brain injury
2024-1432 75 6:20 11:10 Posterior Poles Respiratory Failure
Average ± SD: 71 ± 11 2:42 ± 1:32 5:53 ± 2:39

1. Tissues Recovered for this Work

Donor and tissue characteristics. Eyes from seven donors were procured for this work. DtoC, death-to-cooling, is 
time between donor death and initiation of cooling of the eyes with wet ice or cooling of the whole body. DtoR, 
death-to-recovery, is the time between donor death to eye tissue recovery. After recovery, the whole eyes or 
poles are kept in a moist chamber at 2-8°C until retina preservation.

2. Transcripts and Proteins Identified

Proteins

Named Transcripts

A. Comparison of biological replicates (12h)

A) Scatter plot with pair-wise comparison of each of the 12-hour retinal samples. B) Scatter plot of 
averaged values for all 12-hour samples compared to 18-hour samples. C) Principal component 
analysis of all samples. Red=12-hours, blue=18-hours. D) MA plot for differentially expressed genes. 
Blue dots represent genes with adjusted p-value<0.1. E) Table summarizing differentially expressed 
genes with > 1 Log2FC and adjusted p-value<0.1.

3. Results of Transcriptome Analysis

Gene 12h Counts 18h Counts log2FC
TMEM238L 0.53 4.79 2.4
CDCA4 0.38 3.91 2.4
MIR548O 0.81 5.47 2.4
VSTM2A 6.58 1.67 -1.4
NUDT22 29.37 7.14 -1.4

E. Differentially Expressed Genes > 1L2FC

4. Results of Proteome Analysis
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D. MA Plot for Differential Expression

C. PCA of all 12- and 18- hour samples
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B. Comparison of group averages

1. Protein abundance in the neural retina remains unchanged between 12- 
and 18-hours post-mortem.

2. While there were >500 genes that were differentially expressed 
between these two time-points, only five genes had differences greater 
than 2-folds. There were no enriched pathways.

3. Molecular markers for retinal cell types are present in both datasets.
4. Markers associated with diseases such as AMD, glaucoma, diabetic 

retinopathy, etc. are present in both datasets.
5. Transcript counts were low (BaseMean <5) for 66% of transcripts, 

suggesting that gene expression may already be significantly reduced by 
12 hours post-mortem. Future studies examining earlier post-mortem 
time points may help clarify the onset and extent of transcript 
degradation.

6. Examination of PMIs before 12 and after 18 hours will provide more 
information about transcript and protein stability in the retina post-
mortem.
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Based on our previous analysis of our research tissue recovery,1 our results 
show that extending the cut-off from 12 to 18 hours almost doubles the 
donor pool of retina tissue for research (92% increase).

A. Comparison of biological replicates (12h)
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B. Comparison of 12-hour samples

C. MDS of all 12- and 18- hour samples
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D. MA plot for differential abundance
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A) Scatter plot with pair-wise comparison of each of the 12-hour retinal samples. Axis labels are 
TMM-intensities (log10). B) Scatter plot of averaged values for all 12-hour samples compared to 18-
hour samples. C) Multidimensional Scaling (MDS) visualization of all samples. Red=12-hours, 
blue=18-hours. Log2FC of 500 proteins with largest variation. D) MA plot for differentially expressed 
proteins. No proteins were statistically significant (FDR < 0.1).
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