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Introduction Results

Conclusions
« Coronavirus disease 2019 (COVID-19), caused by severe HISTOPATHOLOGY EVALUATION « Taken together, immune cell infiltrate, renal structural

changes and possible direct viral infection were all identified
in kidney autopsy samples of COVID-19 patients,

acute respiratory syndrome coronavirus-2 (SARS-CoV-2), Table 2. Individual Histopathology Findings

emerged In late 2019 and continues to circulate globally,
. . —_— . - Sample Number 17 18 22 23 37 38 39 40 44 # Abnormal Mean Score . . . .
iInfecting over 770 million people with over 6.9 million infiltrates, interstital 11 1 1 2 1 2 3 0 8 13 suggesting a combination of mechanisms that may
associated deaths to date (WHO COVID-19 Dashboard). e o o O ;! contribute to COVID-19 associated AKI.
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« Acute kidney injury (AKI) has been reported in as high as Pigment, intratubular 1 0 2 2 0 1 3 0 0 5 1.0 « Consistent with recent literature reports, direct and indirect
. . . . . Intimal thickening, vascular 1 2 0 0 1 0 1 3 2 6 1.1 . . . . . .
57% of patients hospitalized with COVID-19, with some Thrombosis 0 1 0 0 0 0 0 0 O 1 0. SN G AN REE Nt RN infection-related kidney injury appeared to be predominately
: - : : o Fibrosis, interstitial 12 2 1 1 1 1 0 1 8 1.1 o8 it o RN Py 1 L : oL
patients showing long-term signs of kidney injury, such as Fluid, intratubular o 2 1 0 0 1 2 0 1 5 08 S (e S associated within renal tubules [3].
: : : Atherosclerosis 0O 1 0 0 0 0 0 0 O 1 0.1 TR e e
hematuria and proteinuria [1,2]. Glomerulopathy, proliferave 00 0 0 1 1 _0 0 0 2 0.2 oD Interstitial Fibrosis * Due to relatively small sample size, chronic comorbidities of
_ .. Artifact 4 4 4 4 4 4 4 4 4 9 4.0 T & - i ol S S ARG N NN SR e e _ _ _ _ _
* Further, treatment of COVID-19 with the antiviral drug Sum Scores. 6 14 8 6 7 8 10 12 6 86 ALY 2 G SR T @ £V AT e patient samples included and suboptimal tissue processing,
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Remdesivir has been associated with increased reporting of . . T Y e ST N L S ) e e | "’f e N m'f:',_‘?z the strength of conclusions drawn from this work are limited.
_ _ _ ¥ Figure 2. Histopathology examination showed tubular, glomerular, IRy RO Senl e T h% f"z,;{g“{ AL
kidney disorders [3]. It is currently unknown if the prolonged vascular and interstitial changes that were subacute to chronic in nature oy o SRR N N Gy e NS L . .
renal effects following COVID-19 diagnosis are due to (Right). Renal autopsy tissues were graded for severity as 1 (minimal), 2 AR s AT e & ‘* "‘4; A ;““‘;-;“ FUtu re DlreCtlonS
systemic infection-related immune responses, direct kidney (mild), 3 (moderate) or 4 (marked) to characterize pathologic changes. Notable G g0 SN oo Blin g e e R .-'-"5"-"?:1*";5‘}:--". e
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viral infection, drug toxicity, structural changes of the kidney, histological findings were (A) tubular degeneration, (B) glomerulosclerosis, (C) N S SRR, T B B »  Additional work currently in progress includes spatial

mononuclear to mixed interstitial inflammatory infiltrates (D) interstitial fibrosis

r mbination thereof. . . s . . . . . . . .
or a combination thereo and thickening of the vascular intima. Intratubular mineral, fluid, and pigment were noted in multiple samples. Proliferative glomerulopathy, thrombosis,

transcriptomic evaluation of COVID-19+ and healthy control

« Therefore, the objective of this work was to evaluate kidney and atherosclerosis were observed in few samples. Due to chronic comorbidities noted by the metadata report, differentiating these findings from acute tissues to de.termine differencles In gene expression
tissue samples obtained from autopsies of COVID-19 cases or subacute SARS-CoV-2 infection is problematic. Additionally, tissue staining was obscured by severe postmortem autolysis. throughout tissue samples (Figure 6).
to determine the degree of renal damage and explore 0S GO e S cTIo S o | e, S T
oossible mechanisms for COVID-19-associated renal IMMUNOSTAININ F IMMUNE CELL INFILTRATES, VIRAL INFECTION AND KIDNEY INJURY MARKER @ZE_ pinsskon b
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= GA). Non-infected control kidney ” - 1. 7 . Figure 3. IHC staining of immune cell infiltrates (Left). (A-F) IHC staining of
\‘/ = -_ " ' | hased : T % : T : . CD11b, CD163, CD4, CD8 and SARS-CoV-2 Spike protein. Staining intensity was Figure 6. Evaluating spatial gene expression in COVID-19+
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f'y’ N y - i : & : medullar regions of interest and across (H) patient-matched kidney and Iu_ng tissue of study that combines the technology of RNA-sequencing with
l samples were formalin-fixed and vt s ooy el e ey o o samples. Due to postmortem autolysis and prolonged exposure of the tissues to spatially barcoded information in order to give spatial context to gene
isopatholgy HC and F paraffin-embedded before sectioning H  cotm cD163 cpa cDs Spike formalin f_|>.<at|ve prior to eml_aeq_dlng some IHC_ staining appeared faint (CD11b) or expression data. (B-D) Preliminary analysis of kidney autopsy
Fvaluaton T for downstream analysis. Adjacent o . T 1 non-specific (CD8), thereby limiting any conclusions drawn from these results. tissues shows tissue spots colored by 10x Genomics automated
patia sections were used for histopathology g 004 S ool ] g 0.10- g 0041 - Figure 4. IF staining of viral infection and kidney damage markers (Above). (A- gene expression clustering algorithm. With these data, we hope to
MALDHINS Transcriptomics evaluation. immunostaining b E fm- . Em- 3 E D) hACEZ2, the receptor for SARS-CoV-2 viral entry into cells, localizes to renal elucidate the mechanism of renal injury during or following COVID-
Figure 1. Schematic of . . . J by - ﬂ 02 001- T - tubules, while Spike protein appears to localize with both regions of abundant 19 disease.
experimental desian immunohistochemistry (IHC) and ooo B, LB ISRl oo L EEL IR ol B I s —— hACE2 (top) and regions lacking hACE2 (bottom). (E,F) Markers of acute kidney | _ o |
P 9N immunofluorescence (IF), spatial injury, NGAL and KIM-1, appear to co-stain select renal tubule structures. » Ultimately the results of this preliminary study will be used
glycan analysis by matrix-assisted laser desorption/ionization to guide the workflow for follow-up animal and clinical
imaging mass spectrometry (MALDI-IMS) and spatial SPATIAL DISTRIBUTION OF N-GLYCANS BY MALDI-IMS studies to assess long-term renal effects following recovery
transcriptomics to evaluation gene expression. A Matrix Application e N N B H&E c Medulla Glycans b Cortex Glycans and treatment for COVID-19.
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Acknowledgements

Symptom Period of

i ol il el i) s e oS " H; S com | h | — The authors would like to acknowledge the support of TPA Inc for their
Conrol 1| &7 [ w1 | waie | Ao | arci mfarcton | Negatve %%%%WW Negative A b assistance with this project. This work was supported by FDA/CDER
contz [ 67 [ w | v | cosacaren VAN P e | e intramural SARS-CoV-2 pandemic fund, FDA COVID-19 supplemental 3
T I I T S e B 7 T T e _ . o _ funds, and in part by NIH R33 CA267226 and NIH UO1 CA242096 (R.R.D).
spane . ;’F’m*’tD:HTEHLD - ‘ _3’ Fl_gure 5_. Preliminary MALDI-IMS analysis |dent|f|es_ glycans associated Research reported in this publication was supported in part by the Cancer
I s e S i S M i with regions renal cortex and medulla. (A) Schematic of MALDI-IMS Tissue and Pathology shared resource of Winship Cancer Institute of Emory
22 | @ | M | Back | Cardiacarest Unknown Postive | Unknown | 0 Nore | 1o, cale) sample preparation and experimental workflow. (B) H&E-stained section of a University and NIH/NCI under award number P30CA138292
2o | | w |some | condoe e — e | we oo [toammman | COVID-19+ kidney sample with medulla and cortex regions annotated. (C) Disclaimer: This bost fects the vi £ the auth d- 9 t
o | e | f | s | codocarey |Astma e o0 GERD | o | L | exametna | Postive Representative MALDI images show spatial overlap of complex, terminal L POSISTETIECTS IS VIWS OF IS authors and does no
— —— fucosylated glycan species within the renal medulla; m/z 2487.8550, m/z necessarily reflect those of the U.S. Food and Drug Administration. Any
8 fee | w| Bk VTR | Throrcuachp | Poste | 3 2¢ Nore | TR0y 2539.9113,and 2327.7971, top to bottom respective,ly (D) Convers e,ly renal mention of commercial products is for clarification only and is not intended
W 7 % 7 2 7 ' ’ ' ’ ' ’ :
N %%:%////ﬁ;%////////%f////////////////ﬁ o 5/////%5/////%5///% oo cortex is associated with high mannose species, m/z 1743.5811, and terminal as approval, endor.sement, o recorTnmendatlon.
10 ; ﬁ;/ﬁ;///ﬁf////////%;%/////////////% Posiive Z/////%Z////%;/////% "oy fucosylated bisecting glycans, m/z 1850.6684, 2012.7225, top to bottom, :T]fzeﬁ"lcses{: [21(12|_1“r81(3:hl,—|¢r,netn?|.l’< Kll?dnety 'I”t’ CZIOnZ'(I)'r [i] ?éowaggngZ etal,
w L e | e respectively. Previously studies have described the identified glycans as 0l S¢l, - [3] Humeniuk, R., et al., Clin Transl Sai., - 14]

cortex and medulla-specific [4]. Drake, R., et al., Mass Spec, 2020. [5] Diao, B., et al., Nature Comm., 2021.



	Slide Number 1



