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Bioinformatics analysis of IncRNA-related ceRNA

regulatory network in peripheral blood mononuclear cells

Abstract

Keywords

AT AT R Hi T M T I R G £ S AR R AR R

of patients with COVID-19

YOU Hongjun1 , REN Shutingz, DONG Mengya1

(1. Department of Cardiovascular Medicine, Shaanxi Provincial People’s Hospital, Xi'an 710068, China;
2. School of Basic Medical Science, Xian Jiaotong University, Xian 710061, China)

Objective: Bioinformatics analysis of sequencing data of peripheral blood mononuclear cells (PBMCs) from
patients with coronavirus disease 2019 (COVID-19) was performed to analyze expression profiles of long
non-coding RNA (IncRNA) and regulatory networks of competing endogenous RNA (ceRNA) and to explore
its association with the pathogenesis of COVID-19. Methods: Differential gene expression analysis about
COVID-19-related sequencing data screened from the Gene Expression Omnibus (GEO) database was
performed using R language. Gene attributes were annotated, and differentially expressed IncRNA and messenger
RNA (mRNA) were identified. Online tool miRcode was used to predict microRNA (miRNA) that interacts
with differentially expressed IncRNA, and TargetScan, miRDB, and miRTarBase databases were used to predict
downstream target gene (mRNA) of miRNA. Afterwards, target gene and differentially expressed mRNA
were intersected, followed by a ceRNA regulatory network construction using the intersected genes together
with aforementioned miRNA and differentially expressed IncRNA via Cytoscape. The Gene Ontology (GO)
enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of
intersected genes in the ceRNA network were performed using the R. Results: There were 313 IncRNAs and
1 308 mRNAs expressed differentially statistically in PBMCs of COVID-19 patients. A ceRNA regulatory
network was successfully constructed, with 22 and 76 differentially expressed IncRNAs and mRNAs, respectively.
Enrichment analyses found that mRNA in the ceRNA network was mainly involved in regulation of vasculature
development and angiogenesis, muscle cell proliferation, regulation of smooth muscle cell proliferation,
epithelial cell apoptotic process, response to hypoxia; focal adhesion, cell-substrate junction, tight junction;
phosphatidylinositol 3 kinase-AKT (PI3K-AKT) signaling pathway, mitogen-activated protein kinase (MAPK)
signaling pathway, fluid shear stress and atherosclerosis, advanced glycation end products-receptor for advanced
glycation end products (AGE-RAGE) signaling pathway in diabetic complications, etc. Conclusion: Our study
constructed the IncRNA-related ceRNA network, providing a neoteric perspective for exploring the pathogenic
mechanism of IncRNA involved in COVID-19. These genes might become potential therapeutic targets.

coronavirus disease 2019; long chain non-coding RNA; competing endogenous RNA; gene expression profile;

differentially expressed genes; enrichment analysis

I A HAT T I R

2(severe acute respiratory syndrome coronavirus 2,
SARS-CoV-2)F 2019 76 MR %% (coronavirus
disease 2019, COVID-19)J &2k, ™EGEFE A
AR, B RS & %5, COVID-19
2R LR, RBEIHE S, HilEez 4504
SRt . B, #E— B HBURLE & FeRA

JE4M S RNA (non-coding RNA, ncRNA)E
— B G B B (R 4R AR 1 T SR A RN A S
¥, ﬂﬂﬁ’%ﬁncRNA(long ncRNA, IncRNA), Tk
RNA(microRNA, miRNA)FIFRIRRNA (circular
RNA, circRNA)% ., fE R —FropiBiny . KR
200 A% H R FYncRNA, IncRNATE ZH A J& 1A i 4



COVID-19 H# N M A% AN IncRNA FHE ceRNA FFE RIS A W15 BB br o, 4 3

T AN AT IS PE L Y (05T E O TR R g
e 2 R A b X R R AR, B 5 AR AT
FERE T B i 5 {5 (RN A (messenger
RNA, mRNA)ZESH “M4NH" miRNA, #if
il miRNAJG P, AT 3 mi RN A 5 1 52 ]
(mRNA) I IK, FET5 0 PR 1Y & A K
ABIEFE 53 T COVID- 19 4 F1 A 1L 54~ % 20
(peripheral blood mononuclear cells, PBMCs) IncRNA
FEIR 1k S 55 Gk N R RNA (competing endogenous
RNA, ceRNA)JFEM L, it H 5 COVID-19&
PLI AT, O ST RIAR Y7 S R SR AL ISR

1 BIEF A&
1.1 HIBEBT AT E

#EAFE K FRIA LA (Gene Expression Omnibus,
GEO) %l (https://Www.ncbi.nlm.nih,goV/geO/)[4—5]

1 COVID-195 & Fn{E B 3t BB & Byl FREF1E

% “COVID-19/SARS-CoV-2" MR St 5,
RBEE L GSE152418, HORIE T HR sl [El X R K
B L, ﬁémAffymetrix Human Genome U133
Plus 2.0 ArrayF- 55, DA APBMCs HBF5EXT 4, -
BICOVID-198H NI U (n=17), HlHE AR X
MW (n=17), 34BIFEARMIMIRGE R W LKL, XF
A0 1Y) ey 3 0 RSO AT AL B, a0 3 a8 o A
(principal component analysis, PCA)Z: il #5 &,
PEALBE TS, IR IR IBOE R FE R F B

1.2 BERERRIEST

KRG RIE S (R4.1.IA) “DESeq2”
Wk fT N ERRE ST, ZRERBEN
(differentially expressed genes, DEGS)E’]ﬁ%Jﬁ%
82 | 28 A RS H LA 2 Ry SIS X £ 4 (Tog,fold change,
log,FC)|>1 HAZ IEJG Y P<0.05, Jfiz HIRIE F 2l
e AT DL AT A

Table 1 Clinical characteristics of COVID-19 patients and healthy controls

FEAR TR PN IN= DA PN £ IR IRZS JrERRE SR BT AL B
GSM4614985 40 L2 COVID-19 FRE (5 RE) Atlanta, GA, USA
GSM4614986 2 i@ COVID-19 i Atlanta, GA, USA
GSM4614987 23 5 COVID-19 iy Atlanta, GA, USA
GSM4614988 15 I COVID-19 iy Atlanta, GA, USA
GSM4614989 9 5 COVID-19 GiNcs Atlanta, GA, USA
GSM4614990 16 Ls COVID-19 Gy Atlanta, GA, USA
GSM4614991 9 8 COVID-19 s Atlanta, GA, USA
GSM4614992 9 E’8 COVID-19 HE Atlanta, GA, USA
GSM4614993 15 & COVID-19 Vi Atlanta, GA, USA
GSM4614994 8 & COVID-19 R Atlanta, GA, USA
GSM4614995 9 & COVID-19 SR Atlanta, GA, USA
GSM4614996 13 LS COVID-19 A Atlanta, GA, USA
GSM4614997 18 g COVID-19 Gy Atlanta, GA, USA
GSM4614998 21 U COVID-19 Gy Atlanta, GA, USA
GSM4614999 16 % COVID-19 iy Atlanta, GA, USA
GSM4615000 15 5 COVID-19 B Atlanta, GA, USA
GSM4615001 12 g’e COVID-19 s Atlanta, GA, USA
GSM4615003 NA Lzl fetRREXT 8 NA Atlanta, GA, USA
GSM4615006 NA = fRERRE X R NA Atlanta, GA, USA
GSM4615008 NA -8 {RERRE X R NA Atlanta, GA, USA
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&gxR1

FEAR 2 FR P REAR 1 & B R AL P51 RN SRR FEAE P A A
GSM4615011 NA 5 felt B X R NA Atlanta, GA, USA
GSM4615014 NA ks fet B X HE NA Atlanta, GA, USA
GSM4615016 NA % {E X} R NA Atlanta, GA, USA
GSM4615019 NA kg fEERREXT R NA Atlanta, GA, USA
GSM4615022 NA L fREEXT RS NA Atlanta, GA, USA
GSM4615025 NA g feERREXT R NA Atlanta, GA, USA
GSM4615027 NA B fH T A NA Atlanta, GA, USA
GSM4615030 NA & {RERRE X R NA Atlanta, GA, USA
GSM4615032 NA ES fRERRE X R NA Atlanta, GA, USA
GSM4615033 NA “ {RERRE X R NA Atlanta, GA, USA
GSM4615034 NA “ fRERRE X R NA Atlanta, GA, USA
GSM4615035 NA 5 {et R X R NA Atlanta, GA, USA
GSM4615036 NA 'y fetFREX T A NA Atlanta, GA, USA
GSM4615037 NA H fet B X A NA Atlanta, GA, USA

NA, JCHE3REUY .

NA, not available.

1.3 DEGs BT

FIHRIET “org.Hs.eg.db” 41(3.10.0 A ) Fll
Ensembl 10 1A B U X DEGs#E AT & PR
X3 HH 22 5 R K Y Inc RN AR 45 5% 2K 11 Y mRNA

1.4 il miRNA FIEBE E FH I ceRNA P25
fﬁﬁﬁmiRcode?’f?ﬁI/E\-(http://www.
mircode.org/) Wil 5 2% 5% 3 ik ) In cRN A B 1E
I miRNA, ﬁﬂ:‘”FﬁTargetScan(https://www.
targetscan.org/) . miRDB(https://mirdb.org/ )
miRTarBase(https://mirtarbase.cuhk.edu.cn)’ﬁﬂ({lﬁ
JEXF miRNA T i #8 35 B (mRNA) SEATH00, JF 5
W % h 22 5 R IA M mRNAR A&, J5F A
Cytoscape3.7.2§k1¢[6]$@@ceRNAHIﬁHJCiJ%]?EWjéﬁo

1.5 GO 1 KEGG E&E S

FIARIET “clusterProfiler” £1(3.14.3/A)
Xf ce RNA M 45 v 1 5 PR 52 it 2 R AS /K18 (Gene
Ontology, GO)M K # E N HEKNAH H F 2
45 (Kyoto Encyclopedia of Genes and Genomes,
KEGG) il [ & 0017, 7E4: 92 3 72 (biological
process, BP). #8417 (cellular component,
CC) Fl14r ¥ U1 fE (molecular function, MF) (http://

geneontology.org/) 5 X JE [ HEAT I RETE RS, JF4&
TIDEGsZ 55 5. P<0.0SHASI-E L,

2 R

2.1 BRRERRIEDF

X E R R AT PCAST MY, WE1ARTR, 2
INFEA KR (AT SEME . SR AR L, %A
COVID-19#H ZHPBMCs 1313 IncRNAFI1 3084
mRNAZ R RIXAGITFE L, Hi, IncRNA L
W A2564, FIHMAES7A; mRNA LA
11334, FTRAMA1751. FEF2ZREKE ST
L E R E (1B, 1C) iR . #%|log,FC [T
HF, FTFIH&RI10MIncRNAFI mRNAS: 5
#2. 3R,

2.2 ceRNA M EHJEE

I miRNAFImRNAJG , HceRNAMZ
(K2). TEiZEF, a@ v’ B, =M.
40 [ I 4> A8 FIncRNA ., miRNA. mRNA,
TEZM 4 d, 223 R IKMIncRNAF 224, # 57
FIK M mRNAA 761, S1ncRNA. mRNAH ] {E
B miRNAH 297,
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Figure 1 Sample preprocessing and gene differential expression analysis
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F2IncRNAZ R RIEZH

Table 2 IncRNA differential expression analysis

IncRNA Log,FC P KIEJ5 P
AL954642.1 4.07 1.37E-06 1.69E-05
AC022730.4 3.88 7.99E-06 7.86E-05
LINCO02128 3.72 8.28E-06 8.08E-0S
AC112253.1 3.49 6.26E-07 8.68E-06
LINC02772 3.39 3.81E-06 4.09E-05
AC091173.1 3.38 1.59E-14 1.21E-12
LINCO01606 3.32 1.11E-0S <0.01
LINC01482 3.05 1.12E-14 8.83E-13
LNCAROD 3.04 6.41E-12 3.22E-10
LINCO01322 2.99 S.53E-07 7.80E-06
AC011379.1 -1.52 0.02 0.0S
MMP2-AS1 -1.73 <0.01 0.01
AC084724.1 -1.75 4.76E-05 <0.01
AC104809.2 —-1.80 <0.01 <0.01
AL034550.2 -1.82 4.53E-08 8.82E-07
AC016245.2 -1.94 <0.01 <0.01
AC083843.2 -2.05 <0.01 <0.01
FAM222A-AS1 -2.08 0.01 0.03
AL121899.4 -2.29 <0.01 0.01
AC009630.4 —4.42 1.68E-05 <0.01
R3mRNAZE RRIEDH

Table 3 mRNA differential expression analysis

mRNA Log,FC P 12 IE 5 P
IF127 8.64 1.15E-43 3.57E-40
CAl 7.06 3.69E-15 3.12E-13
GYPB 6.83 1.71E-10 6.24E-09
HBA2 6.73 2.11E-11 9.64E-10
HBM 6.44 2.18E-09 S.9SE-08
HBD 6.39 3.90E-15 3.27E-13
ADAMTS2 6.29 1.48E-1S5 1.37E-13
ALAS2 6.29 1.33E-10 4.96E-09
IFIT1B 6.07 1.15E-09 3.41E-08
AHSP 6.0 3.32E-08 6.77E-07
ADAMTSS -2.24 7.25E-08 1.34E-06
CCL20 -2.46 <0.01 <0.01
ADORAL1 -2.49 1.11E-07 1.93E-06
SLC4A10 -2.58 1.18E-10 4.44E-09
PRSS3S -2.61 4.9SE-05 0.000370024
OLR1 —2.66 <0.01 0.01
HSPA1B -2.85 4.93E-08 9.45E-07
IL-1A —2.87 <0.01 0.01
GJB2 -2.97 <0.01 0.01
BIRC7 -3.00 1.03E-0S 9.68E-05
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Figure 2 ceRNA network construction
“V? JE: IncRNA; —ffiJf: miRNA; [BJF: mRNA,
V” :IncRNA; triangle: miRNA; circle: mRNA.

2.3 GO BEEH
XfceRNARI 28 F I mRNAF 1T GOR HE 00, &
A B H)245 AR GOT 4, FEBPHICC
AT AL, A A R E KA g . G AL
A IEFEIR AR . b R LA T R L R AR A A
A B, M- TR N L R A (K13).

2.4 KEGG E&EN
X ceRNA M 2% i B mRNAYETTKEG G 1% & 4E

Sr AT, S B R AR F B AR I LI 3 BN - 2R 1
B (phosphatidylinositol 3 kinase-AKT, PI3K-
ART) {5 5l B . 22 25005 AL 8 H A (mitogen-
activated protein kinase, MAPK)f5F 5 i . Wik
SYYIRE 15 Bl bk ok A BE Ak OB PR O S TR
MR S0 R 32 Al 2 A 7™ 0 - B 300l 2k A R 7 ) 3% A
(advanced glycation end-product and receptors of
advanced glycation end-product, AGE-RAGE)f5 %

M A 125 Sl L (8]4)
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Figure 3 Partial visualization for GO enrichment analysis of mRNA (bubble diagram)
GeneRatio: & EFLREH /T RIEFEH ; Counts: HHEKIFEH ; Padjust: KIEFIHP,

GeneRatio: Number of enriched genes/number of background genes; Counts: Number of enriched genes; P.adjust: Adjusted P.
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Figure 4 Partial visualization for KEGG enrichment analysis of mRNA (bubble diagram)
GeneRatio: & HEIFHH /B FHHNEH; Counts: HHEIEFEH; Padjust: KEIEFIP,

GeneRatio: Number of enriched genes/number of background genes; Counts: Number of enriched genes; P.adjust: Adjusted P.
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3 iHip

SARS-CoV-2/8 Y 1k )11 22 R Ge i 3% & Ll
TG HE . MilncRNAFImiRNAZEncRNAJH 3 4
mRN AR ik J 1M 52 Wi 48 i Dy 58 19 28 U0 35t 1% 2= HIL il
S5 2PN AR R fEARTE Y, it xf
COVID-19 5 #PBMCs IncRNA K ik 1% & ce RN A 45
W28 B 43 HF , AR IFCOVID-1989 K HLEl, Ty 548
BT S AR AR

w, EAME S, ST, B-EA
COVID-19# & M PBMCs 71 K 2 FRIEN
IncRNAFImRNA, LINCO0160617 F8q12, 104
SN F 4%, LINCO01606 352 5 ihyeg 20 i 1) 152 3
MR, LuoZ P R BIAE B4 4P LINCO01606
Ik, UK FLOK T B AR S M A i i i B i
ZERE N B E TR, X—R0W AT AE £ LINC01606i8 i
R A miR-423-Sp 1 7K F- AT B4 Wt/ B-catenin {5 5
PRSP . He O £ K VB B v th & R
TR, AR, TN HLINC016065
miR-579-3p A HH B A FJELINC01606 5 B8 41 it
1T B HHLE . X LNCAROD R BFSE H 1t
Jey B iR 4548k, Ban U %2 B H AR Sk S50 @R 40
Ji g b ik, HL 5 e i R AN RS A G,
o ML T 58 5 1 B AR 7 B AR e A
B 1 g Y & 25 A 8 1 1(Y-box binding protein 1,
YBX 1) R R AT G, DA 12F i 968 &t e v 10 ik
o JiaZEUHRAH T /8 T 40 I o, LNCAROD
REWS I 7 & £ miR-145-Sp “WE4” W FI/EH], 3
JI0 DS T P R R 4 TR KT, 0k T v R A i R
WEEE A, 255 B 20 R Ak S bt 25 M 0 &
TEARWFFEH, LINCO01606 ILNCAROD )55 35 7E
COVID-19 2 #EPBMCs T2 B E TR, mRHE
HI W A WX 2N ncRNAZ 5 COVID-19 & 4 K i
AR, BEER N3 2 5 o 40 r =i
AT, 327 H AT fE7E SARS-CoV-2 )84 5 (1L 1 g
PR AR S ™ . B ATT#E COVID-19%% Hil
P R T AR T 2 — 2T

KT 2R EILMmRNA, ABHif#HZ2(human
beta defensin 2, HBD—Z)%#@LEZ?EH@%/EE/‘J
i BRI, BAPURE AR . oot
B HBD-2 g % 3 3 47 5 14 Hi 5 SARS-CoV-2 11 5%
IREE G BEs A, N BH 1k 3L 5 i 48 5 ok R 4 il
Z(angiotensin converting enzyme 2, ACE2)§1Z|§7FH
HAER, AN, E#HPCOVID-19MEH . 7
A5, HBDHEIETECOVID-19E H PBMCs
o S TR, X AT AR ML AR G s B R G Y — R

PR N, I, BEITHBD-2 09 3 1) AT RE RN
COVID-19fiAIT#L S ", BRHBDZ 4h, TEAHT
FE T s T H 27 (interferon alpha-inducible
protein 27, IFI27)MJ#IKTESARS-CoV-2/ Y (1) H
b RA R R E LK. e
ZARIBIF127 /2 SARS-CoV-2 & YL Y L Wb i, I
SER IR L . — Y E B
PE/RIF127 5 COVID-19% VIAH G, X 5 AT
g —F ), RRIF127 0] BERL N COVID-19 /34
JPH S, WROR MRS . c-cHRFR LI F20(C-C
motif chemokine 20, CCL20)Z& I8 I i Fl b s
MM BEAEH PR, 5 COVID-1909 )™ & 2 5
5. XK AL R 70 kDaP K 72 % 1 1B [heat
shock 70 kDa protein 1B, HSPA1B; R ggfiE ik e
#1172 (heat shock protein 72, HSP72)] 7] BEAE N —
AACE23EF AL N 2 5 COVID-19 1 A AE A0 L
I RIEM KA . — oA W5 B R B 40
M/ % 1a(interleukin-1 alpha, IL-1A)/&COVID-19
Z 5495 E 5 L iR . B S0ED)
BERIH ML 4y F, JERTRESZ 259 T Fl R & 2240
M. I HIL-1A5 EHECOVID-19/8& Y4l %, 1
AT, CCL20. HSPAIBHIIL-1ARY A TE ¥
PBMCsH I & T, X422 R R IAM mRNAA] 2K
S COVID-19HYAYT#E A, HAE HIHLHI 5 2 Bl Fn
Il PRATF 78 34— 25 UE 5K

Hk, RATE T ceRNAM L, FExfHf2z 5
FKIXFmRNAHITGOE M, IRRHAEY )
BE. BAELE IR RN SARS-CoV-2HY YL 2] al
Jon = it 0048 P B A LA DI RE R L VA R AR T,
T A I A5 0 7 M A K b, AR R A e
BEERMEMEEMER ., Hoh, MilE K R BB
WA 2 1 o fE O IE R AR e, SR Z RS2 R
2 E e 20 o (EAFE R A0, N 2 Bf B %) 3R
W2 F R A VR T, DI A e 38 P U M R i R
g, WARNEERIRE, XATRE/ZCOVID-19/8#H
Sz A RO I A5 PN o A e M e ik 25 E i AL
z—b

la, TAD 225 R B mRNAYTT TKEGG
AT, HE—2FH S5 CcovID-19 %k i AL
HI A5 538 . PI3K-AKT- 7L 3h ¥ 55 A 2 & 0
(PI3K-AKT-mammalian target of rapamycin, PI3K-
AKT-mTOR) {55 5 J% 38 o W il . B il 45 1 =
SR gk R M Lok R &, R A A AR
W OE SRR, AR k. WA EAEN Y
ZRAEIhRE . CA T & BSARS-CoV-2 1Y K
Ye s FIMPI3K-AKT-mTORIE [, HI A K&
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EARBE RO S BB, M, A IR
735 % 1~ HWUIIAE I mTORMIIM BRI, fghs
Fi 3 COVID-19 B FH MR o ZhouZ i i
Y5 B2 7 AR 55— FhmTO R 0 31 57 — B
MR 2 W] fE 2 COVID-19fIG k£, Hitk, #1
il PI3K-AKT-mT ORI i 1] fi i &y COVID-19 13
JrHE AT MAPKAS 5 1 A A REAE A S 1/
WREE, W9 LM COVID-19H #F MAPKIY T (5
T, AR AN AT & P 1/ 2 (extracellular
regulated protein kinases 1/2, ERK1/2). p38%5Hy
BERR ALK 2 B3 LER, /R MAPKIE #% B 35 1%
TS M MAPKAA BE A% 18 1 S0 NG A2 DA 1T
hn e 2 0 72 AR Y MAPKAS 538 1K 1900 A &
AR 20 77 A AT fiE J& COVID- 19 5 25 IfiL /ML T il
REMFRHZ —, HILmH MAPKSSE 5 il % rl 4g
W JE VAT SARS-CoV-2/2 YL 5| 5 () 1ML A% I &5 18 O
iz — o BB SR R COVID-19 5 Y i
WS S RIETHE . A, —IiIEFGSEL52075
fICOVID-19 & M A4 W B2 o i Y e 4R R
VTS U1 R 3 5 B bk ik #F A A 3 4 /£ SARS-CoV-2
YL 1Y 5 F ML b & b AR . AR R B A
BN WA sk . BURRE S Z R A IERN, &
VLA WF TR 8 HAE S M AE Ras I SE C3 A B R IR 1
(Ras-related C3 botulinum toxin substrate 1, RACI1)
TE N B 22 Fh R 1 02 38 KOS B9 AR 4k, DT IR 99 3
BT A1 5 Bl ks R AL S50 B, IR K IEDT
COVID-19/E Y /R FH . s s 2% SR R Fe A3 1t
A0S T 2R A I Y 6 B T BB X COVID-19 (8 34 i
FNARITVE . AGEST 3 T RIE M A &5 4k 4141 2 )
WA EAER, L2 5 52 B g VR i i . i
AGE3 /£ (receptor for AGE, RAGE)TEZ Pl 5 iE 4l
il ik, HAAGERIG G 51 & £ T (s 5 %
TS, A SRR R B AHS G, B
w5274 1 AGE-RAGEA 53 5 1] it 5 COVID-19
R G, 2T R AGE-RAGE
B RS ESEZMPAXCOVID-19MR
JPAVEF . X8 R RAGE-RAGETS Sl ik 5
SARS-CoV-2 1 EU 1F 25 PIAH G

BRMFEZ, Z5KAEMIncRNAFNmRNAL
FelncRNAM &) ce RNA M 2% 2 5 1) £ Fl = 1) 2F
LIfie A5 5l B REFECOVID-19Z 2 B £ R 40
W KR KR R R R OCEEVE T, AT RE RN IR YT
SARS-CoV-2 /8% YL (1A EHE 55 o (HJE, AR SChff
1E—E R BR M. N, AT 3 A SRR E
SrRTITAR, B G R A BEREAR A TE . T34,
B R R B RE BN, A5 T PBMC

DEGsTELRHLH H al BERIVE T, W] REL 3 [z 2 b
PRI, A R 2 B B R — 0 % P TR A
24, Vhee it — L.
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