Metabolomics Evaluation of the Photochemical Impact of Violet-
Blue Light (405 nm) on Ex Vivo Platelet Concentrates

Jinchun Sun', Neetu Dahiya?, Thomas Schmitt!, Caitlin Stewart?, John Anderson?3, Scott MacGregor3, Michelle Maclean34, Richard D. Beger!, Chintamani D. Atreya?

National Center for Toxicological Research, Jefferson, AR; 2Center for Biologics Evaluation and Research, Silver Spring, MD; 3Department of Electronic and
Electrical Engineering, ‘Department of Biomedical Engineering, University of Strathclyde, Glasgow, United Kingdom

Abstract

Introduction: Ex vivo stored human platelet concentrates (PCs) are Gt Ctri2 i3 Curld G5 T T2 T3 T4 TS
susceptible to bacterial contamination during the 5-7 day period before Metabolite Extraction A WO T S -
use at 22 + 2°C in gas permeable bags. Current FDA-approved Plasma (100 uL aliquot) was mixed with 300 yL methanol (-20 °C) on ice for 20 min, ‘E‘ maas | ﬁ peehl i 7 | T n ‘-‘*" . N
pathogen reduction technologies (PRT) use external photosensitizers in then centrifuged at 13,000 rpm for 12 min at 4 °C to precipitate proteins. The Co R SR R | B !tk imOe
combination with UV ||ght irradiation to reduce transfusion contamination Supernatant was transferred to aUtOsampler vials for LC/MS anaIySiS. E;[ I % “: . |: . ME;?E::: . . ::gg:gg::: 5:!::: . o E:E;EES:::
risk. Since UV light is harmful to mammalian cells, we have been PLT pellet (~ 108 cells) was suspended in 200 L ice-cold water. The cell suspension i o — . |ammotoommE ' e | S —
evaluating violet-blue light to determine whether it can serve as an was transferred into a tube containing 600 uL methanol (-20 °C), vortexed, kept on ice | % —S N | o ge—
alternate to PRT technology, without the need for additional exogenous for 20 min, then centrifuged at 13,000 rpm for 12 min at 4 °C to precipitate proteins. - | P ity il B MEDOREEEE v | o AmaCmsmane
photosensitizers. An LC/MS-based metabolomics analysis was The supernatant was transferred to autosampler vials for LC/MS analysis. % EE EEEED s | o somo_ConE Sl JEaACaIR
conducted to evaluate the impact of violet-blue light on the platelets _ N ! | g st | ® ERECCEEN A e ——
(PLTSs). Open Metabolic Profiling ]| S oo | e AN Fe e

. The extracted metabolites were separated by a Thermo Vanquish Ultimate 3000 UPLC RS B pamescs ! Lty (o IENOEOONEE Oty (o EONOO e
Methods: Apheresis-collected human PCs from each donor were (Thermo Scientific, Milford, MA, USA) equipped with a Waters bridged ethyl hybrid | IE S A P
uniformly split into two transfer bags. One PC bafg was used as control (BEH) C8 column. The metabolomics data was collected with a Thermo Orbitrap gt e e
gmellghttI:reatu)tment) and the otfgletr bjngwas Il_JSre] td to " the I'g_ht treat:cnent. Exploris 240 mass spectrometer (Thermo Scientific, Waltham, MA) operated in positive Ty

>IN Ne Iags4v\\j?re Zelﬁpc_)rs;]e 0 t Inm ghta ancllrrs ’IcanCFeDOA and negative ionization electrospray modes. Data were acquired in full-scan mode
aRpproxm‘r\]alte y |5 (|>—|m ' Seg)_ro tocg Was_t?ppr?_\gmsyb © q (m/z 70 to 1000) at a resolution of 120,000 for all samples. Figure 3. Heatmap of top-50 most changed plasma (A) and PLT metabolites (B) after Figure 4. Top 15 variable importance in
mee?aesgfom?gs;*g?ysigr\?vaag cgnjdeucctse q c:(r)nirgén%%./ the me:[aScS)ﬁc changes 1, 2, 3, 4, and 5-hour light treatments, along with respective controls from donor W78. projection (VIP) plot of plasma and PLT
. Cluster | consisted of antioxidant metabolites, endogenous photosensitizer metabolites after 1, 2, 3, 4, and 5-hour light
in both PLIs and plasma. metabolites and arachidonic acid related metabolites, which decreased after light treatments, along with respective controls from
Preliminary Data: After 5h of treatment, no changes were observed in treatments. Cluster Il included light dose-dependent increases in aldehydes, vitamin donor W78.
either platelet aggregation inhibitory factors or platelet activation factors. - W78 Plasma — W78 PLT | D and oxidized vitamin A metabolites, lactate, and steroid metabolites.
No changes were observed in lysoPCs or PCs, which indicated that the " ! -[
cell integrity was intact. After 5h of treatment, the distinctive changes ~7  Control Treated B B %D Treated __ = ——
were increases in hydroxy-fatty acids, OH-fatty acyl-carnitines, and _ 5 n_ood | | conr, _ o = ﬁj“;::,f;| onrAs < % _ % —
aldehydes, indicative of induction of lipid peroxidation. Lower levels of o T - T o 5.1 UER . ° oBnd —— Sphingosine-1-phosphate it
glutathione, vitamin A and uric acid were observed due to counteracting g . ¢ ¥ A §' ?% 82 Extracellular =3 ﬁﬁ) ﬁ%@ﬁ mﬁﬁ’ﬁ’ lﬁ‘ Urio acid
the light-induced reactive oxygen species (ROS). Changes in a few ® ° > @@5 ngg g gg gmﬁﬁ Aldenydes Retinyl ester
endogenous photosensitizers suggested the anti-microbicidal potential "1 ° Lipid Membrane ' (= B . J:Li:ﬁ Vitamin D3 e 5 S
of the light. In summary, the results indicate that platelet integrity, Glucose | 2 5 _ [OnFAs & Promegestone iIILgsl’::aetio}w ol;Thrzai?éntifie ;
activation and aggregation potential-impeding biomolecules appear to 5 S I S S . . . . . Intracellular } L{ F:z: Dl e ﬁ’ ool corveTves abolites involved in th
be unaffected by the light treatment. However, a comprehensive ST amsw ’ T aean " i N Obfatty acyl CoA — o gmﬁﬁﬁﬁﬁﬁ (r)nxei daati(\)/é Z?r;ns\gogf 4 el?1ere
functional analysis in the context of metabolome alterations is warranted Figure 1. Principal component analysis (PCA) score plots of metabolome data from ey PO oo \not Dl gggggg pathways after a 5 h Iightgy
to evaluate ex vivo PLT quality after the light (405nm) treatments. plasma and PLTs after the light-treated (T) and control (Ctr) samples from Donor W78. . ilc - Froxidaton | — — Platelet Activation Factors P countoracts treatment.
cetyl CoA < -fatty acyl Carnitines > Ca2 p

Malate Adenosine

- - * Bilirubin isomers
Citrate Platelet activating factors Glutathione
x pe rl m e n a es I g n Eicosapentaenoic acid Acetyl-methionine
L_citric Acid Cycle Arachidonic Acid Uric acid
Ketoglutarate

Membrane Arachidonic acid (C20:4)-containing Phospholipids Promegestone
B ) _ \ Succinate K: ::ig; Electron Transport Chain » ATPo—1"| ADP —»| AMP Iﬁi::s;lﬁ:;ﬂ:c?gﬂplﬂnate
- 3 3 Phospholipases b '
) - | ey
v\aj = 7] morease Arachidonic acid C20:4-OH PC
- - [0 Decrease Eicosapentaenoic acid methyl ester C20:4-OH PE .
Untreated PLT concentrate Blue light-treated PLT concentrate 0 No change P C o n CI u S I O n
(Control, n=4) (Treated, n=4) ] ] ] f,f - T
J Arachidonic acid | Arachidonoyl
Serinol /
J yCIoOXygenases - ---ff??o,% P > After a 5 h-long light treatment, unaffected levels of prostaglandins, PAFs, and agonists indicated that the light (405 nm) illumination did
Sampling time points (1, 2, 3, 4 and 5 hrs) _— &7 P : : : : :
CTPLvs TTPL: CTP2 vs TTP2: CTP3 vs TTP3; CTP4 vs TTP4; , tf--l . % x.__ﬁs__%g — T T— not trigger, neither preventing nor promoting, the PLT aggregation process.
CTPS Vs TTPS. n =4 samples/group rostagiandins N A Oxidation > After 5 h of light treatment, unaltered extra- and intra-cellular lysoPCs and phospholipids also indicated that 5 h light exposure did not
J J 6-keto Prostaglandin F1 a 12-HETE | 9-0x0-12-HETE affect PLT membrane mtegnty
13,14-Dihydro-15-keto Prostaglandin A2 Lipoxygenases o _ _ - _ _
Metabolite Extraction (intracellular and extracellular) 19(R)-Hydroxy prostaglandin A2 8-HETE »| 8,20-DIHETE » Distinct increases in OH-FAs and aldehydes indicated that ROS were generated at high levels as early as 1h of light exposure.
S~ 6-keto Prostaglandin F3 a : .. : : : . - . .
~_ 3_,50_15_kem_imstaglandin_lzzﬁ » The observed decreases in antioxidant metabolites and increases in the corresponding oxidized metabolites were most likely caused by
UHPLC—HRMSar:aIysis counteracting ROS, suggesting that ROS was likely generated by light illumination in PLT concentrates.
l » Distinctly-changed endogenous photosensitizer metabolites observed as early as 1 h light exposure provides robust evidence as to why
Data analysis . . _ _ _ _ _ _ : - : : . _ ” o :
Figure 2. Identified plasma metabolites involved in the arachidonic acid (AA) i(())gtgm_rl]lg?g ;c]rer_astlinaesn’;1 ilzﬂgrﬁ;{\g tiﬁsc:lr\;i trr;g_clztilec;ﬂilofg)gproach and needs no additive external photosensitizers to reduce bacterial
: N : : Ination ri u Y.
 To evaluate violet-blue light impacts on platelet concentrates; metabolism after 5 h of light treatment.

* To discover blood product quality biomarkers after treatments. This presentation reflects the views of the authors and does not necessarily reflect those of the U.S. Food and Drug Administration.
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