. Wil
LUJ \E ﬁ] J:: ’é- @M‘!S’s Eﬁﬂé EEMRCYI OSEIR =
WESTLAKE UNIVERSITY

Enhanced inflammation and suppressed
adaptive immunity in COVID-19 with
orolonged RNA shedding

Rui Sun )%
Laboratory of Proteomics and Big Data WESTLAKE
FORBRKIEFREE UNIVERSITY

WWW.guomics.com




|
Cell Discovery

Explore content ¥  About the journal ¥  Publish with us v

nature > cell discovery » articles » article

Article | Open Access ‘ Published: 25 July 2022

Enhanced inflammation and suppressed adaptive
immunity in COVID-19 with prolonged RNA shedding

Xiao, Meng Luo, Qiushi Zhang, Sainan Li, Hao Chen, Wei Liu, Bingjie Wang, Shufei Li, Xiaoling_Lin, Xueqin

Xu, Huanzheng_Li, Lianpeng Wu, Jianyi Dai, Huanhuan Gao, Lu Li, Tian Lu, Xiao Liang, Xue Cai, Guan Ruan,

Fei Xu, Yan Li, Yi Zhu , Ziging Kong , Jianping Huang = & Tiannan Guo — Show fewer authors

Cell Discovery 8, Article number: 70 (2022) | Cite this article

1 Altmetric | Metrics

’:a:l

-
——
-

A5

B

=2
M BB EZS

=

FLFE
FRMEH

BT EOE
8 HER

WESTLAKE UNIVERSITY



OUTLINE

Background and research gap

Overview of clinical patients, samples and study design

Immunological analysis between the LC and SC groups

Differentially expressed proteomes and metabolomes between the LC and SC groups

Integration of proteomic and metabolomic data

Risk factors for COVID-19 prognosis

& K L WESTLAKE UNIVERSITY



Mean duration SE Varlance Total duration Relative
_ of viral shedding of viral shedding, weight
(95% C1), days days

Fang et al (2020) 193(188-197) 02 0 32 = 253

Cai etal (20204 123(119-126) 02 0 208 k = 253

Huetal (2020)* 143(129-156) 07 05 59 i = 248

Kim et al (2020} 83(6:0-0-8) 07 05 28 | 248

Le etal (2020)7 75 (56-9-4) 10 09 12 | 244

Lo et al (2020)* 182(153-211) 15 21 10 : N 234

Ling etal (2020)% 105 (9-4-11:6) 06 03 66 = 250

Qian etal (2020)™ 11:7 (101-13-2) 08 06 24 = 247

Wu etal (2020)® 157(142-172) 08 06 74 = 247

Xiao et al (2020)" 28(204-251) 12 14 56 = 240

Xuetal (2020)% 173(161-185) 06 04 13 i = 249

Xu etal (2020)" 60 (3-6-8-4) 12 15 10 B = 239

Yongchenetal 2020 133(28-239) 54 289 n . 118

L] L] Young etal (2020y° 133(92-173) 21 42 18 ; —- 2147

T h f I Zhou et al (2020)° 17279354 19 36 ol ? - 21

e u ra I 0 n 0 V I ra Zhou et al (2020) 203(196-211) 04 01 191 = 252

Zhu et al (2020)® 25.0(162-33-8) 45 202 10 : — . 141

- Sakurai et al 2020y 87(7-8-95) 04 02 90 [—] 252

Toet al (2020 165 (14.0-190) 13 17 1 i 8 238

RNA sheddi ng =

Liang et al {2020)7 183 (16-9-19-8) 08 06 120 H 248

shi et al (2020 280 (26-6-29-4) o7 05 246 i = 2-48

Talmy etal (2020)* 21.0(194-226) 038 07 119 : -] 247

Chen etal (2020 12.0(113-127) 04 01 284 -] 252

Huetal (2020)% 71(43-9.8) 14 20 24 L. 235

Song et al (2020 731215 31 98 7 § —m— 183

Yang et al (2020) 107 (176-215) 049 08 45 | [} 245

Mean duration SE Variance  Total duration Relative Wu etal (202057 173 (158-189) 08 06 o1 : (-] 247

of viral shedding of viral shedding, weight Zhang etal (20207 95 (78-112) 09 07 3 | | 246

(95% C1), days days Fuetal (2020)% 300(265-335) 18 31 50 i E 226

Tan et al (2020 15.8(13.9-176) 1.0 09 67 ] 244

Al-Jasser et al (2019)%?  13-2 (12-3-14-0) 0-4 02 249 - | 37.58 Kujawskietal (2020 155 (11:2-19-8) 22 49 12 - 212

. 100 : Yan et al (2020)7 243(224-262) 10 09 120 ] 244

Alkendi et al (2019) 185 (16:3-20-7) 11 12 58 [ = 3385 Yang etal (2020)™ 161(149-17:3) 06 04 213 : = 250

Park et al (2018)"™ 143 (10-8-17-7) 1.8 32 17 ; : 3 2857 Xuetal 2020 120(91149) 15 22 14 § » pRE]

Overall 1563 (11-6-19.0) 1.9 36 324 5 <> Huang el (202077 s 2 . » | Ll o

[ Chen etal (2020 11-0 (10-8-11-2) 01 0 249 = 253

0 20 40 Chang etal (2020)*' 95 (71-11-9) 12 15 16 ; = 239

. ) ] Lietal (2020)® 539 (507571 16 27 36 : > 229

Duration of viral shedding (days) Pongpirul et al (2020)° 163 (7-8-24.9) 43 189 1 : — 145

Tan et al (2020)° 133 (8-6-17:9) 24 55 10 - 208

. Wang et al (2020)7 160 (131-180) 15 22 18 § » 23

The mean duration of MERS-CoV medgoor  pew@eny o6 04w =
Overall 17.0(155-186) 08 06 3229 : <

H H 0 20 40
shedding is less than 20 days

The mean duration of SARS-CoV-2 RNA
shedding is usually from 10-25 days.

Cevik, et al. Lancet Microbe. 2021

WESTLAKE UNIVERSITY




BACKGROUND

The relationship between the phenotype and viral RNA shedding

Table 1.
Comparison of Clinical Characteristics and Treatment Responses Between Groups With Different Shedding Durations

Long-term SARS-CoV-2 Shedding

SARS-CoV-2
infection

Convalescent plasma
transfusion (x2)

P> \Y
y ”;
bl NN =
\\”// =X .
earance
Day 0 49 70 85 105
Infectious

virus isolation

Genetic variation

X

Immunocompromised individual
» Cancer (CLL)
* Hypogammaglobulinemia

Avanzato, et al. Cell. 2020

All Patients (N = 113)

Viral Shedding Duration After liiness Onset

n Values n <15Days(n=37) n 215 Days (n = 76) P

Age, years, median (IQR range) 13 52 (43,63) 37 48(34,61) 76 54.5 (45, 63) 033

Male sex, % (n) 13 584 (66) 37 405 (15) 76  67.1(51) 009

Exposure history in Hubei, % (n) 13 62.8 (71) 37 67.6(25) 76  60.5 (46) 467

Exposure history to confirmed patients, % (n) 113 40.7 (46) 37 51.4(19) 76 35.5(27) 108

| Duration from iliness onset to hospital admission, median (IQR), days 13 5(3,8) 37 4(2,6) 7% 6(4,9) .001 |

Patients with severe disease at admission, % (n) 113 28.3(32) 37 16.2(6) 76 34.2(26) .049

Gomorbidity, % (n)

| Hypertension 13 23.0(26) 37 8.1(3) 76 30.3(23) .009 ‘
Diabetes 13 80(9) 37 54(2) 76 9.2(7) 715
Coronary heart disease 13 5.3(6) 37 54(2) 76 5.3 (4) 1
Current smoker 13 7.1(8) 37 81(3) 76 6.6 (5) 715

Treatment, % (n)

| Corticosteroid 113 56.6(64) 37 40.5(15) 76 64.5(49) 025 |
Umifenovir 13 48.7(55) 37 432 (16) 76 51.3(39) 420
Ribavirin 13 16.8(19) 37 8.1(3) 76 21.1(16) 084
Invasive mechanical ventilation 113 15.9 (18) 37 27(1) 76 224 (17) .006 |

Xu, et al. Clinical infectious diseases. 2020
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sy o The relationship between the viral RNA
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Few studies have characterized host responses of patients with long viral RNA shedding at the

molecular level.
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THE OVERVIEW OF CLINICAL PATIENTS
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Nucleic acid test

[ | Sputum swab positive
Sputum swab
peresistent negative

Gender
Female
Male

Group
SC

e

Class
Non-severe
Severe

Comorbidities

ﬁ Diabetes

/\ Hypertension

|:| Coronary sclerosis
(O Gastrohelcosis

<> Hepatitis B

ICK Gout

Chronic gynecologic
O inflamma }/on J

3% Psoatic strain

O Pancreatic cancer

Y Coronary heart disease
< Asthma

0 Chronic renal failure

Sampling

0 Both omic sampling
© Only metabolomic sampling
o Only proteomic sampling



NO SIGNIFICANT CLINICAL DIFFERENCES
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STUDY DESIGN

Virological detection Immunological detection
Sputum samples Antibodies:Anti S/RBD/N 1gG/IgM

COVID-19 patient RT-PCR (N =37, n = 190 Serum samples)
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Patients & Samples
Short disease Long disease Control
Batch design course (SC) course (LC) (N =35) Samples (n = 193)
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THE TIME-SERIES IMMUNOLOGICAL DETECTION
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DOWNREGULATION OF TREG CELLS
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DIFFERENCE BETWEEN THE LC AND SC
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DELAYED IMMUNE RESPONSE IN THE LC GROUP
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LXR/RXR WAS INHIBITED IN THE LC GROUP
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LXR/RXR MEDIATED LIPID REGULATION AND IMMUNITY IN THE LC GROUP

APOA Inflammation response
e / \ associated proteins

LXR/RXR

Lipid metabolism
associated proteins | DLR

_ _a»

(] Undetection proteins

Significantly downregulated
- metabolites in the LC group

B Diacylglycerol

Significantly upregulated
proteins in the LC group

Significantly downregulated
proteins in the LC group

No significant different proteins
expression between two groups
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DOWNREGULATED LIPID IN THE LC GROUP
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DOWNREGULATED ANTI-INFLAMMATORY LIPIDS IN THE LC GROUP

Molecules & Classification
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PROTEOMICS AND METABOLOMICS INTEGRATION
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KNN-BASED NETWORK ANALYSIS

Proteins Temporal protein/metabolite expression Protein/metabolite expression  Euclidean distance sig. diff. among sig. diff. between  sig. diff. between
1st week 1st week between two molecules all time points SCandLC time points
6" Maximal expression in SC/LC and SC/LC
Metabolites SC group LC group —] % p<0.001 *%% p<0.001 % p<0.001
Xenobiotics 76 042 % p<001 4 p<001 Lo p<0.01
9th/Bth week oth/8th week * p<0.05 * p<0.05 * p<0.05
Ascending cluster
in the SC group

(network 1)

C1R
2.277
* % %

*

Descending cluster

Complement system

C4BPB
2.325
*

)

*

®

SELP
3.564
COLEC11 o
2,687
LR

*
*

Ascending cluster
in the LC group
(network2)

Complement system

in the SC group

(network 3) ritonavir " @ lopinavir
1.611 - 1.265
o4t % %

/ //
/""" Xenobiotics
TRMU
3.564
/"RNA.metabolism
RNASE2
1.733 é_
3(-*1
* IMPDH2
12

Descending cluster
in the LC group

(network 4)

Actin cytoskeleton

RHOA
2.374
ok ok

EZR *%*
2.042*

Activated lectin pathway, suppressed cell migration, and enhanced viral replication

plausibly contribute to prolonged RNA shedding.
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MOLECULAR RISK FACTORS FOR PROLONGED VIRAL RNA SHEDDING PERIOD
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CONCLUSION

« To understand the molecular mechanisms underlying prolonged viral RNA
shedding in COVID-19 patients, we profiled a deep and time-resolved landscape
of their plasma proteome and metabolome.

* These patients exhibited prolonged inflammation and suppressed adaptive
Immunity.

* Prolonged viral RNA shedding was associated with ten potential risk factors,
including NRP2, H3-3A, GNPTG, LGALS1, IGKV2-30, HLA-B, PRSS1, IGKV1-6,
KPRP, and arginine.
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