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[ Abstract | Objective To investigate the role of long non-coding RNA (IncRNA) RP11-28819. 1 in
systemic lupus erythematosus ( SLE) and its potential mechanism. Methods  Transcriptome sequencing
(RNA-seq) was used to screen the differentially expressed IncRNAs in peripheral blood mononuclear cells
(PBMCs) of SLE patients, and the expression levels of these IncRNAs in 8 pairs of SLE patients and healthy
controls were further verified by qRT-PCR. The knockdown as well as over-expression models of RP11-
288L9. 1 were constructed respectively by transfecting recombinant lentivirus into macrophages, and the
transfection efficiency was determined subsequently. The subcellular distribution of RP11-288L9. 1 was
detected by fluorescence in situ hybridization ( FISH) technique. Moreover, CCK-8 assay and Annexin
V-FITC apoptosis detection kit were applied to examine the proliferation and apoptosis of macrophages in both
models, and qRT-PCR was conducted to detect the expression of macrophage-related inflammatory cytokines,

IL-18, IL-6, IL-4, IL-10 and TGF-B1 after the transfection. Results Six differentially expressed IncRNAs
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were found (P<0.05), in which RP11-2881.9. 1 was significantly up-regulated ( P<0. 01), and mainly
located in the cytoplasm of macrophages. The over-expression of RP11-2881.9. 1 promoted the apoptosis and

inhibited the proliferation of macrophages ( P<0.05) , increasing the levels of IL-18 and IL-6, and decreasing
those of 1L-4, IL-10 and TGF-B1 (P<0.01). In contrast, the knockdown of RP11-28819. 1 significantly
induced the proliferation of macrophages and inhibited the apoptosis ( P<0.05) , with lowered levels of 1L-18
and TL-6 and elevated 1L-4, 1L.-10 and TGF-B1 (P<0.01). Conclusion RP11-28819. 1 is highly expressed

in the PBMCs of SLE patients, and regulates immune response in macrophages by affecting the synthesis of

inflammatory cytokines, which may contribute to the occurrence of SLE.
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G5 ME L1 BEAR JE ( systemic lupus erythematosus,
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KEEIE4MIS RNA (long non-conding RNA , IncRNA )
JE K RTF 200 MEFRRIIAES Y RNAV ™Y BRge
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K IR SLE JRIT 23 fE T o JRTT Ine RNA
£ SLE v BARYE FIFLETE A AL

AWFFEF ] RNA-seq §ii e 75 SLE £ 3%5 FhJi] ifi 5
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7K 2R 35 1Y IneRNA i 16 3835 F i 5 i 35 1Y)
IncRNA, 88 J5 2k ] qRT-PCR £ R 56 k. 45 £ BoR
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2881.9. 1 7 SLE #&AEH a] BB 1E T, iR YT SLE 42 it
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AEIR>60 B <18 Ji% s A IR HE R 55 4 B 2R A 1k
PRI 3 A LA G5 R G0 s A P B 410 ) 70 1 5L
HADAIE SA T B o ARBTG5 501 )
B ANFE AR AR B D1 2 HT I (KY2020167)
1.2 2&RXA

JINERBAAZ B AN ) RAW264. 7 11 [ 26 [E ATCC 41
JiiL 5% J5 B (ATCC®  SC-6003) , Ifil 2% RNA 4 B i 5]
TRIzol g H 3£ Life 23 7], M (glycogen G) g B3 =
K5 w), Annexin V-FITC 20 i i T4 D0 120550 &0 3 25
RN HE], CCK-8 B &l A R A, LHEEA
DNA [R5 £ . qPCR X577 &1 [ Bestar /A .
1.3 PBMCs % % RNA 325z

FEHLH % PBMCs B RNA J T4 25 5 % 3K
IncRNA (#3635 , 42 HUM2 ik 55 A0 B Y B I 48 i 5 RNA
FAF R RP11-288L9. 1 |3 T I8 J5 4 4 40 i K 1
o AP L 7 Y 9078 0 O 1 e O . o8
12 000xg,4 °C B5.0> 10 min DLITYE I3 H 1 1 200 i .
B 500 pL i3 A 1 mL TRIzol 2% , i€ 75 17 4K
FPJG R EL S min P20 1 A0 FAY B W 40 I, 75 6 fLAk
JIA 1T mL TRIzol i, R ERIR 5, 240 5 min, IfH
SURIEES] 1.5 mL .08, SR )5 H TaKaRa 24
AP FIHREUS RNA
1.4 gRT-PCR # ) IncRNA RP11-28819. 1 #4 ik

PBMCs FI4H 11 5 RNA 44 #8 PrimerScript™ 15t A
P T, -20 C{54F cDNA, #1i} RP11-288L9. 1
FAHEARAE R 151 9 51 Lo Hope S vk, & b 86k
VAR AT 1 FT7R) o DL cDNA R,
Be PCR [N AA R AR FR A 20 WL, B4Rl 48 s 15 B
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34N AL, LA B-actin NS TH R SLEG 1% 22, PCR
TR :95 CHiIARH: 3 min,95 °C 55,58 °C 34 5,72 C
60 s, 3L 40 AMIEER, ] 274 343 AR S 4> T B M X 26

B,

®1 KWETASIY

2]l K BE/bp

RP11 1E[1] 5'-GGCGTGTCACCAGTTTAT-3’ 3
JZ 1] 5'-ATTGCTTACAGTCGGGAT-3’

1E ] 5'-ACGGACCGAATCACTG-3'
AC096579 159
JZ 1] 5'-AACGCTCATTTCCATACAC-3’

1E ] 5'-AGCCTGACGGACCGAATC-3'
NRIR-1 229
Jza] 5'-AACGCTCATTTCCATACACCA-3'

1E ] 5'-GGACCGAATCACTGCC-3’
NRIR-2 209
JzIa] 5'-TTCCCTTTCATCCACTTT-3’

1E ] 5'-AGAGCCTGACGGACCGAATC-3’
XLOC-031958 177
JzIa] 5'-GGGCCTGTGAAAGGTCTGGTA-3’

1Em 5'-TACCCATAATCAGTAACCT-3'
AL92874212-1 251
JzIa] 5'-AAAGCACCGATCAACA-3’

1E ] 5'-CCTGACGGACCGAATC-3’
AL92874212-2 169
JzIa] 5'-TGTAGTTGCCCTGCTT-3’

-1 1E [ 5'-TGATGTTCGTCCCTGTCC-3' 185
B JzIa] 5'-CACGCAATAGTAATGTCCTG-3'

L4 1E [ 5'-TGGAGCAGGTGAAGAATG-3’ 11
JzIa] 5'-AGCAGGAAGAACAGAGGG-3'

L6 1E ] 5'-AGTAGTGAGGAACAAGCCAGAG-3’ 60
i Jza] 5'-TACATTTGCCGAAGAGCC-3’

110 1E ] 5'-ACCAAGACCCAGACATCA-3' 193
Jza] 5'-TTCACAGGGAAGAAATCG-3’

1E ] 5'-ATCAACGCCCGCCACAAG-3’
TGF-B1 _ 186
Jz[a] 5'-GGCCCACGGCAGGTAATT-3’

. 1EM 5'-GGGGTGAAATGTGAGGCG-3’
3-action _ 169
Jz ] 5'-CTCGGTCTTCGTAGATTGCTTA-3’

1.5 R EBE S

/BRI A RAW264. 7 41 L 7E & 10% JiG 2
M35 & 100 U/mL #8R BFE8E ) DMEM S bk
HREESR Bi R AR 5%CO0, 37 °C, B RA IR ILEE 41
M KR 5 RAW264. 7 4 AE K & 70% ~ 80%
A BE I, 3725 1H B 40 i 8% 3% 0, IF i PBS PRk i i
2RI 0. 25% 1 JR AR F il , 430 B S A0 T UL 4
MOTEAS A4k, 21 240 it PR [ 4, B A28 [5], 241 [
BRAR KIS, SR T AR, S RIS 10% I35 A0 40 i 15
FEMZAETHAL , WS TR B IR, IR R 32 W T N B
PR AT ol 22 J3E 9 07, IR AN 22 5 38 4 P S5 b 1
FIREFRILA, T 5%C0, 37 CREFF R

1.6 k@ KB RG ML
161 JHifi T 42360 2Rk Rk RP1L-

2881.9. 1 Hi 2H 15 5 5 1) 25 12 [0 kL A A 2 5 Ry ( pGag/
Pol .\pRev .pVSV-G) fdt 5t B FL A Y B A R A FI
a2, AR A B R BO A5 1 2E R BURLAE X B
293T 4ififs (ATCC 4 )J%E) 75 10 em BiFRIL b B3¢ 2
80% ~90% fil & FEIT , FEFh 15 em KFFEIL; A 18 mL
4 10% FBS ) DMEM ¥z 359, IR51)5 37 °C .5%CO,
Bt 010 1 S 5 ml B0 A 1.5 mL
TGy DMEM, 2 1 : LA LB A B 197 51 19 2848
JBORL AL SR ( pGag/ Pol \pRev .,pVSV-G) 1R 2], Bt
1 ZTCHM 5 mL Z.0%, A 1.5 mL JIfil{E DMEM,
FEAIA 300 pL. RNAi-Mate, 47, 25 i & 5 min J5,
WMERA , EHACE 20~25 min;BR2E 15 cm H5F710L
HEE R, A 8 mL JCIiL i ) DMEM 35539 5 #5%
PURBWBTEIA 15 em By 3R ML, 3252 1A 5 45 5
BFRMLLNEAI G, 16 37 C 5%CO, B FZfahiE
4~6 h;FFHEYSR, A 18 mL 75 10% FBS ) DMEM
BEFRUL,37 C \5%CO, 48557 72 ho | FHHE 350
(4 °C,20 000 r/min,2 h) WA TG B ; 53245 (005 BE G
EARSE,-80 C VKAEIRAT
1.6.2 B E A i AR R B g 2
Jfl RAW264. 7( ATCC 4iffu %) T~ 37 °C .5%CO, K574
BiFR. 24 h JE M 1 IRIGFRMARELRE F7 , Fr A C &
FEIE 80% AT R ARKE I, AR KR A0 M R4 i A IR
A0 0 50 AE A S T A TR T A, e 4 1 R A D
(3~5)x10"/mL 450, 2R A I A 40 it H0 2 3% 3%
M Hr, 4 2 15 57 DR UE J8k G B i Al i 5K 3] 15% ~ 30%
Fie RS B 45 L, T 48 B L 5 SR A Bl o B e
TP . JRYL IS 24 h, B4R R AL IR SR AR 2L 5
JEYLS 72 h oAy SO B SR A5 HE R (4N GFP)
MY ZFIRTE L o
1.7 # kB4 Ze 3 (FISH) #m) RP11-28819. 1 #4 %m
i A

SZIS AR 3 4. ik F63k RP11-28819. 1 444 h
RP11-28819. 1 OE, @i fit RP11-288L9. 1 4 £ %% M
RP11-28819. 1 KD, X HE4H . A FIF 4 % 2 R ik
[ 7, AR5 k% AR IR O IS W= V% 10 min, {2k
IKFEA IV, Fr B R BT 5, 3 13 poly-l-lysine ¥
T b AL, B IRCE 10~ 30 ming 52
AR, TCH K th e R AR . e fhal 2 /0 = ik
T 1 h sl Ao 3 W5 K BGE S A
mn SR B A 46 CHEAE R LT 10 min 4% 5
BRAEAM K 2,37 C 20 min, SR FEAKH
AKHIEYE 3 W, B 1 ming AR A 50% ,80%
100% P K, 3K 3 min, B J5 78 2 R 0T, A%
229 WL Ze A8 28 w2 B e b R R
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rn R AR AR A PR i 1wl R (AR
5 ng/pL) s B8R IE AP IE A 2xSSC iR &, w
I3 R — A 46 CIFEHFT, 4458 1.5 hilg
YESE i A 48 CA . ik 43 )a , i/
FHITRAR) s I e 2 e 1~ 2 Wk SR DR ol 280 %
R 48 °C by, U 20 min J5 , KK PESR
BRI BEEEAPE T, SRS TE,
PO CETH, AN T B, MRS e
FeEg A T, HEBR A, R AR, R 5 s H
ML BT AT B R, 7E [ AL %R Zeiss LSM
700 HRAEFOCH BRI R .
1.8 K & 4m fe A
OISR B — A IE B0 N, PBS PRI
VU B A L 1K, Jn A 3 e R A0 AR TS AR (AT S A
EDTA) {HAb 4l . %300 & 2 R T nl DL L BE
SHMIMRFT T SR BT, I 53 o T 20 e AU o T o A JER il
Mt BEIH AL . AR AR T T ok R BB LA N,
1 000xg #5.0> 5 min, ¢ 3, R4, H] PBS it &
Y FET1EC B 50 000~ 100 000 FEL 40, 1 000xg
B0 5 min, 3 FVE, A 195 L Annexin V-FITC 454
WA B, A S pL Annexin V-FITC,5242185],
JIA 10 L B4k PN IE G f8 3, B R IR 50 =l (20 ~

25 C)#EHHEE 10 ~20 min, fifi f5 & FoKigH. Lk
FESRTEIE TR . A A 7 BY_EAILAG I
1.9  CCK-8 #in| 2m it 3 54

1E 96 FLARHECH] 100 WL 11 20 MO 2800, 45 555 77 il
JAE 37 °C 5%CO, FEFRF8 SR 24 by [ JE R
T 10 L AS RV BE 7 78 D0 40 Joi 5 g 5% % AR 15 97
HWE s BILRRINA 10 pL CCK-8 k. HHE 1~
4 h 5, FESFRSGI E 7E 450 nm Kb SEREE(H D(450) .
1.10  %it 5o

K HI SPSS 16. 0 Giit 3k . 40 i 5 5 1 8 &2
3R ZLIE) EL AR B B 25 B A R EC X ¢ A, P<
0.05 HHEHA G FE L.

2 #HR

2.1 SLE & PBMCs ¥ IncRNA RP11-28819. 1 &
AA

il it RNA-seq § %6 9575 NRIR-1,NRIR-2 ,XLOC_
031958 ,RP11-288L19. 1, AL92874212-1 AL92874212-2
6 225 RIKH) IncRNA, Jf — 231 qRT-PCR $iikAe
SLE 87 1 fg B XS B PBMCs 13X 6 /> IncRNA 3%
Ko SRR :SLE ##% PBMCs 1 RP11-288L9. 1
FIRBO I 3 E I (P<0. 01,181 1) .

NRIR-1 NRIR-2 XLOC_031958
1.3 1.3 7 0.15 7
a
B 5 B B-
¥ 124 *jl_z- . ﬁo.lo-
= o
= o8P0 L £
L = z 1.1 = 0.05
E = Z
1.0 r . 1.0 0-
XHHE4]  SLE 44 R4 SLE 44 XPHRZ]  SLE 44
RP11-2881.9.1 AL92874212-1 AL92874212-2
0~ . - _
B 1.5 ° A B 06 e
® = 0.60- ®
< <Z< é
Z 1.0 z =04 :
E £ E
= o = 0.55 =
> >~
= 054 = 0.2
0 T T 0.50 = 0 T T
X4 SLE 4 XHRZH  SLE 41 XHRZH SLE 41
a:P<0.01, 5 2 R 20 b 4%

1 qRT-PCR IGiE SLE & K R *TE PBMCs £ RFRIAR IncRNA
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2.2 RP11-28819. 1 it & ik v 4] B v 28 g 69 34 74

T FIB AL RP11-28819. 1 118 ik B 4% Y4 B I
YL , R A FISH £ AR %E {37 & B8 RP11-28819. 1 fi F
5 e 20 B 22 2o R A R K T 0 B AL, A1
AT BRZH (18] 2A) 5 qRT-PCR G I 5% 9% )5 2k 3638
AR RP11-28819. 1 [ 5R1K, 45 R B R : 5X I
Y, i ek g RP11-288L9. 1 (3R 3k Tt ikl
RP11-28819. 1 |1 3235 K% ( P<0. 01, [ 2B) ; 7 =040

DAPI RP11-2889.1

RP11-2889.1 OF 4

RP11-2889.1 KD 41

JHASCRS: 00 200 i 0 T, 25 SR R RP11-288L9. 1 @ik 4
) 2R TR AR T B AL, 2ok Bk 4L A 1 s 2 i
T TR (8 2C D, P<0.05) , R CCK-8 £l
ARG A , 25 R R < AL W 0 M 3 A 7K i
WA, 2ok TR 2 15 W 4 L 1 5 7K P T % BREH (8] 2,
P<0.05) . FiRSCEG4s R0 RP11-2881L9. 1 ] L4
il L s 4 L A 3 2, AR 0 W P O

n
]
©

B
%
= 1.0-
—
[ee]
o0 a
q
3“: 0.5
=y
oo
=
0 T T 1
1 2 3
415 B

K HEL RP11-2881.9.1 OF 4 RP11-2881.9.1 KD 41
7.8
Jaz1 Q22 10" Tq24 107121 Q22
1040.00% 0.00% 11.10% 111.95% 0.00%
10° 4 @
- 10° ] T = 10°
o 3 el
5} = 10" 4 (= "
T " 10° {
Q23 Q2-4 1Q2-3 Q23 Q2-4
$99:98% 0.02% 88.47% 7.16% 188.05% 0.00%
ITEE e AT B ot i L L2 e
100 100 100 10% 0% 10* 100 108 100 100 10° 10
FITC-H FITC-H FITC-H
1007 _o-xtaan 25 .-
- RP11-28819.1 O 41 — - RP11-2881.9.1 OE 41 b
< 0.75- 7+ RP11-28819.1 KD 41 b ’55 2.0 | - RP11-288L9.1 KD 41
O =+
Pl é 1.5 1
H 0.50 s
E‘g ‘+E l 0_
2 E- b
5 0.251 =
= 051
0 T T 1 0 T T 1
24 48 72 24 48 72
i /b D i [/h E

A AR FISH Al 4% % 72 h j5 &2 RP11-288L9. 1 #9 & X ;B A1 | qPCR e 4% 3¢ )5 38 & ik 20 4= 34K 21 RP11-288L9. 1

# kA
f

1.5} 8840 ;2. RP11-288L9. 1 OE #1;3.RP11-28819. 1 KD #8;a:P<0.01, 53t fE 20 k45 ;C D 4 & E v 20 foL A
b: P<0.05, 5z BB2A 045 E 4 S Evditmintm iRt b: P<0.05,5 sFpg2a b4

2 FFREFAEE RP11-288L9. 1 X I 20 A E T 22 F0 20 i 35 4 B9 B2 1
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2.3 it & ik Fe g4k RP11-288L9. 1 xt E v 2m it 4R %
KIE IR F &K 6% a

qRT-PCR R 45 5 B 7R - 76 B W 20 B v e e ok 36
INFI R RP11-288L9. 1 By 129 8 )5, & Kk H 1Y
IncRNA J5 (1) B W20 i v IL-18  1L-6 3Rk & 3 [ 7,
IL-4 IL-10 TGF-B1 F&ik & T K 5 I B w4 i v H
{9 IncRNA J5 , TL-1B . IL-6 2k & R, [L-4 1L-10,
TGF-B1 Fik D% - Tt. F2W] RP11-28819. 1 7E [ M4
JiL ] RESE M T AR E 4H A PR 1 A BROR TR 4 B SRR
(E3),

RIN §

RYNELLBEAR A 52 B 2 Fh R F 5% ), H R HIL
B2, BORBZRIESE R W] IncRNA 5 SLE &Y%
YOG, 76 SLE I K2 W fna T 1 BHA B R
1o LUZEY 04T SLE (R M it BE Xt HR 20 MR I T 41
Mo IncRNA (9 38 7KF- A2 1 935 Fl 2 S 63K 11
IncRNA , #2753 #6292 5 11 IncRNA 7£ SLE B & A= &
KRR L BERATE . KREDFFERY IncRNA 7]
DA 3 8155 4 A 240 M ERL - 1) 7 A S T M AT LA B e AR
A, CARPENTER %" ;i IncRNACOX2 #} % 1 M
TLR FC A T 04 sh A Ja 3 SE P 1 T 2 #2412 a2 40 1
SRAE A M R F 3K 3k W E H; — 22 IneRNA {3 §F

IL-1B

THRIL' L1338 AT 4 15 86 28 40 i 14 48 i 40
LR F ik o

A T8 0E IncRNA 55 SLE %9 1) AH G M, A58
B et RNA-seq FiiitE 3515 SLE 3 PBMCs =5 7KF-
Fik B IncRNA, it 6 N2 F RIEKH B M
IncRNA , /E} 45 1% IncRNA . 2R J5 K F qRT-PCR $i AR
Bk 8 4] SLE F 35 F 8 {5 fidt i X FR 41 PBMCs Hh 22 53
ik IncRNA 1 =3k, L H 22 5 2K, 45 R BoR
RP11-288L9. 1 7KV b i & 3, P UK RP11-288L9. 1
VE R AWEFE 9 H % IncRNA

iz ] RNA FISH £ R #5417 H ) IncRNA J5ENL, &
MHEFEFSE M TEVEM MY . Eraniafeil
AT Gy R 7 1 928 1 28 v R #E 2 SR VE T
JEMLAR e BN P I B SR A ARk, K
PR E W40 AE SLE e HL i K FE S 2
YEF . SLE # Bk, VIR IS B R B B Ik 40
Hh I 11 25 K Bk B TR B PR AR .
PR AR TR FRUPAR P %) I 20 B ok T R L Ak
FBHRIEBRE o g A M A A [ B 81 5 T
T, A R H B B 5T 25 R A B AR, A Ak B 2 4
Ji, B 22 B Ak 7 A48 ff (ML TRY) R0 AR £k 7Y 44 i
(M2 891 i A A A G R P L R o8 4 i
HE R 22 G TE S 2B IncRNA 76 G20 M A fh 7

1.5 0.107 -4 1.1 IL-6
S B : S _
H%\_ g 0.08 a H%: 1.0 L
= 1.0 a = = 0.9
= Z 0.06 Z
- z E 0.8
= 1 0.044 Z S
2 0.5 = = 0.7 b
o a & =
= R Z 0.6
0- 0- 0.5-
1 2 3 1 2 3 1 2 3
25 215 25
. IL-10 5o TGF-B1
% 0.854 2
= = a
1.0
£ 080 =
E g
= =
= 0.75 A & a
= a & 0.5
o =
e - T
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