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LncRNA MALAT1 Modulates the Immunoreaction of Rats with Lipopolysaccharide-induced Sepsis by Targeting the
miR-146a /NF-xB P65 Pathway ZHOU Yi-long', YANG Shao-hua®, ZHANG Chi', ZHANG Bin®, YANG Xin-
juan®. 1. Department of Emergency of Sanmenxia Central Hospital of Henan Province, Sanmenxia 472000,
China; 2. ICU of Sanmenxia Central Hospital of Henan Province , Sanmenxia 472000, China

[Abstract]  Objective  To determine the regulatory and molecular mechanism of IncRNA MALATI in
response to sepsis induced by lipopolysaccharide (LLPS) in rats. Methods The expressions of IncRNA MALATI1
and miR-146a in U937 cells and peripheral blood samples of the rats with and without LPS-induced sepsis were
detected using quantitative real-time reverse transcription PCR (qRT-PCR). The relationship between IncRNA
MALAT] and miR-146a was affirmed through luciferase assay. The expressions of p-P65, P65, TNF-q and iNOS
were tested by Western blot. The expressions of TNF-o and iNOS in the lung tissues of the rats were measured by
immunohistochemistry. Results The rats with LPS-induced sepsis had higher expressions of IncRNA MALAT1 in
U937 cells than those without sepsis (P <C0. 001). In comparison with scramble, si-MALAT]1 attenuated the
expression of IncRNA MALAT1 and increased the expression of miR-146a (P<C0.001). MiR-146a was the target of
IncRNA MALATI. si-MALAT1 decreased the p-P65/P65 ratio and and the expressions of TNF-q and iNOS in the
rats with LPS-induced sepsis. In contrast, miR-146a inhibitor increased p-P65/P65 ratio and the expressions of
TNF-a and iNOS in the rats with LPS-induced septis (P<C0.001). Co-transfection with si-MALAT1 attenuated the
elevated level of p-P65/P65 ratio and expressions of TNF-q and iNOS resulting from miR-146a inhibitor (P <C
0.001). LPS and scramble decreased the expression of miR-146a and increased the p-P65/P65 ratio compared with
the healthy controls (P<C0. 01). Compared with scramble, si-MALAT]1 increased the expression of miR-146a and
attenuated the p-P65/P65 ratio (P<C0.01). Higher numbers of TNF-¢ and iNOS positive cells were found in those
with LPS-induced sepsis and those with scramble interventions (P<C0. 001). Compared with scramble, si-MALAT1
reduced the number of TNF-¢ and iNOS positive cells (P<C0. 01). Conclusion LncRNA MALATI] modulates the
immunoreaction of rats with LPS -induced sepsis by targeting miR-146a/NF-xB P65.
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Fig 1 The expression of MALAT1 and miR-146a detected by qRT-
PCR in LPS-induced U937 cells transfected with si-MALAT1
a: U937 control group; b: LPS group; c: Scramble group; d:
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Fig 2 MiR-146a was a target of IncRNA MALAT1
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Fig 3  The expression of miR-146a (A) and inflammatory reaction
related proteins (B,C) detected by qRT-PCR and Western blot

in LPS-induced U937 cells
a: U937 control group; b: LPS group; c: si-MALAT1 group;
d: miR-146a inhibitor group; e:si-MALAT1 + miR-146a inhibitor
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Fig 4 The expression of MALATI (A), miR-146a(B) and NF-xB
pathway related proteins (C, D) detected by qRT-PCR and
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Fig 5 The expression of TNF-o and iNOS detected by immunohistochemistry in the rats with LPS-induced septic

A: Representative pictures of the expression of TNF-¢ and iNOS immunohistochemical staining. X 200; B: Histogram of the expresion of

TNF-q; C: Histogram of the expresion of iNOS; a: Healthy control group; b: LPS model group; c: LPS- scramble group; d: LPS+ si-
MALATI group. * P<C0.001, vs. healthy control group; # P<C0.01, vs. scramble group

T4 MALAT1 ] 3§ 55 TNF-a il iNOS 2 ik f F+
155 o AU S E SN

3 it

0 4l T8 e B B H P A TE Z Fh IneRNAs il
miRNAs 5% 7 #, X [ncRNAs fil miRNA #]
REFZ W S S -, CUT 2 &% B LPS b B A
A THPL 40 b A5 443 Fh IncRNAs -8 3
5,718 Fi IncRNAs N3k . LPS Bl #5856 2k 5
/0 BB BE A S BT 27 B R R R IR
IncRNAs, H K# 4 IncRNAs HA 5 P65 454 (v
R X R B IncRNAs 7688 2 U5 1 B W6 240 it 1) 5 K
G g3 SN, R 2 T B R AR S SR RGE LPS
IR A S i EA A A0 B AR S 1 479 Fb
IncRNAs 33k 5 %, RAE K 7 K1 T & X 48 s
IncRNAs A 2 5 U5 F A JE i 5 4% 240 i i) B w5 44 i
[ R AE ARG . A gE R ] MALATIL w] 8%y
0 BE S 0 N B A B A RE R Y L AR E g A R
NS fE LPS i i NE w40l U937 i MALATI
B % ik, miR-146a fik F 5. T I MALATI J5
MALAT1 kK . miR-146a 575, XiiH,
MALAT1 F1 miR-146a #] i85 LPS i T 19 U937
HAE U AH G

% IncRNAs 1] 3@ 17 1 1] miRNAs ¥ % ¥ 15
gt -, KE 217 % BT B LncRNA HPTAIR
AT miR-326 3k 10 ] e 5T o 28 96 240 3 4 1T

BERZEFESFMBET . A5 5" LncRNA
CCAT1 W] 28 71 o] 98 ¥ miR-218 {2 i i1 2 J 3 7
KAz zels . ZHOU %0 F 98 % B LncRNA H19
5 miR-141 A B 7F F 98 5 & g 240 i 14 5 Fn A %
MRS . LncRNA MALAT1 W] 3@ 3 # i) miR-
363 i A0 184 7 0 o) 200 RO T L S RN AE
BEAE ol %5 I EAE Y. NF-«B 2 #8158 i
WA, AR R At THPL 35 5 i ok 1)
Ewggn e, LPS 5 3 4b Bl 5 MALATI &kik, H
MALATI 7] 3 i NF-«B 38 #9855 F W5 48 ffl 5 0 2
R PRI 2R miRNAs 1] £ ] i #5 NF-«B i
B AE R ORE KR PR 5 B WYY . HUANG
RS BN TE LS P9 R i . TGFB2-OT1 ]
#E) miR4459 3@ F NF-«B il B% 9 45 & 5 &= 3.
miR-146a & 7£ Z HWF 5% HiE 52 0] # i) NF-«B i #%
U JRAE BN AR A B g AR A R
Tl MALAT1 5 miR-146a A C R KGR
fif 2B L — A ESE T MALATL 5 miR-146a fy
R R, LB MALATI Al 3@ 33 3% miR-146a
1335 FEAIK NF-«BP65 (1) 8% % 1k /K °F-, 380 55 TNF-
a FINOS By 35, TP LPS 75 F ) U937 1Y
RAE LI 6
Ko H s 2 W) IncRNAs A 98 35 G 5 i,

ZHOU 29 1 58 8 R YUK IncRNA - Arid2-1IR ﬂﬁp
il /N BB /N bR 20 AR 48 T F TNF-o (3R 35 , 7
2 NF-B {8 Y B E 5 5E SRy . A A 7R U0k



870

PO R 2 2 i (BE 22 D

49 B

Jie 8 9 7 BL IncRNA HOTATR 1) 35 35 77 #1010 L
A0 P65 9 MR Ak /K 7 19 T A TNF-o K OF 1 1

fnteol

XTAO S50 5 52 A A 92 58 % I A B I 3%

Ui ffdEE b . MALATI ] L [a) miR-200s fig 1 B J3 410
JfL 3G B AN e R AR OB R RS OK BB A, DT R
MALATY w] 31 il 48 B B ) TNF-o 235 B9 7 i 5 0
TR O 0 S R RE N AR S 25 S R L #E LPS i
0 e R BB R, T MALATL w] |
miR-146a FiEWE 55 NF-«B P65 iR b /K F 11 Tt &
AW NF-«B 3l g5 46 08 55 TNF-o A1 INOS ik
OB = 3 1) VAN S 5 1187 S N ) Sy -
MALAT] W] # i) miR-146a/NF-«B P65 %t LPS %
1 e R R e S AT . R — 2R
WFoE MALAT 15 e 8 E I & 5 b (9 4E F O e 75
iE 1) 43 —F LI 52 B9 5 Al

(1]

[2]

(3]

[4]

(6]

(7]

(8]

9]

[10]

2 % X #

VINCENT JL, BEUMIER M. Diagnostic and prognostic
markers in sepsis. Expert Rev Anti Infect Ther,2013,11(3):
265-275.

YUKI K, MURAKAMI N. Sepsis pathophysiology and
anesthetic consideration. Cardiovasc Hematol Disord Drug
Targets,2015,15(1) :57-69.

WU Y, HUANG C, MENG X,et al. Long noncoding RNA
MALATTI: insights into its biogenesis and implications in
human disease. Curr Pharm Des,2015,21(34):5017-5028.
HUANG JL, LIU W, TIAN LH,et al. Upregulation of long
non-coding RNA MALAT-1

confers poor prognosis and

proliferation and apoptosis in acute
monocyticleukemia. Oncol Rep,2017,38(3):1353-1362.

TIAN X, XU G. Clinical value of IncRNA MALATI as a

influences  cell

prognostic marker in human cancer: systematic review and
meta-analysis. BMJ Open, 2015, 5(9): e008653 [ 2018-01-
12]. https://bmjopen. bmj. com/content/5/9/e008653. doi:
10. 1136/bmjopen-2015-008653.

LIU JY, YAO J, LI XM, et al. Pathogenic role of IncRNA-
MALAT]I in endothelial cell dysfunction in diabetes mellitus.
Cell Death Dis,2014,5; e1506[2018-01-12]. https://www.
nature. com/articles/cddis2014466. doi; 10. 1038/ cddis. 2014.
466.

WANG SH, ZHANG W], WU XC, et al. The IncRNA
MALATI functions as a competing endogenous RNA to
regulate MCL-1 expression by
gallbladder cancer. ] Cell Mol Med,2016,20(12) :2299-2308.
HE Y, SUN X, HUANG C,et al. MiR-146a regulates 11.-6
RAW264. 7

sponging miR-363-3p in

production in  lipopolysaccharide-induced
macrophage cells by inhibiting Notchl. Inflammation, 2014,
37(1):71-82.

ZHOU Q, HUANG XR. YU J,et al. Long noncoding RNA
Arid2-IR is a novel therapeutic target for renal inflammation.
Mol Ther,2015,23(6):1034-1043.

HO J, CHAN H, WONG SH, et al. The involvement of

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

regulatory non-coding RNAs in sepsis: a systematic review.
Crit Care,2016,20(1):383[2018-01-13]. https://doi. org/
10.1186/s13054-016-1555-3.

CUI H, XIE N, TAN Z,et al. The human long noncoding
RNA Inc-IL7R regulates the inflammatory response. Eur ]
Immunol,2014,44(7) :2085-2095.

MAO AP, SHEN J, ZUO Z. Expression and regulation of
long noncoding RNAs in TLR4
macrophages. BMC Genomics, 2015, 16 45 [ 2018-01-14 ].
https://doi. org/10. 1186/s12864-015-1270-5.

oowr, wEOY R, M, A KEEESID RNA TEIR 2 5
TN B AN S8 AE SN Hh R 3Gk AR AL v AR e R S R R
#,2017,29(4) :306-310.

PUTHANVEETIL P. CHEN S, FENG B.et al/. Long non-
coding RNA MALATI1 regulates hyperglycaemia induced
J Cell Mol

signaling in  mouse

inflammatory process in the endothelial cells.
Med,2015,19(6) :1418-1425.
PARASKEVOPOULOU MD,
Analyzing miRNA-IncRNA interactions .
2016,1402.271-286.

DENG K. WANG H. GUO X.etal. The cross talk between
long, non-coding RNAs and microRNAs in gastric cancer.
Acta Biochim Biophys Sin (Shanghai),2016,48(2) :111-116.
KE J, YAO YL, ZHENG J,et al. Knockdown of long non-
coding RNA HOTAIR inhibits malignant biological behaviors
miR-326.

HATZIGEORGIOU AG.
Methods Mol Biol,

glioma cells via modulation of
Oncotarget,2015,6(26) :21934-21949.

MA MZ, CHU BF, ZHANG Y,etal. Long non-coding RNA

of human

CCAT1 promotes gallbladder cancer development via negative
modulation of miRNA-218-5p. Cell Death Dis,2015,6: e1583
[ 2018-01-15 .
2014541, doi:10. 1038/ cddis. 2014. 541.
ZHOU X. YE F., YIN C, ez al.
miR-141 and IncRNA-H19 in regulating cell proliferation and

https://www. nature. com/articles/cddis

The interaction between

migration in gastric cancer. Cell Physiol Biochem, 2015, 36
(4):1440-1452.

WANG SH, ZHANG W], WU XC, et al. The IncRNA
MALATI functions as a competing endogenous RNA to
regulate MCL-1
gallbladder cancer. J Cell Mol Med,2016,20(12) :2299-2308.
HAMERS L., KOX M, PICKKERS P.

expression by sponging miR-363-3p in
Sepsis-induced

immunoparalysis: mechanisms, markers, and treatment
options . Minerva Anestesiol,2015,81(4) :426-739.
MEDZHITOV R. Inflammation 2010;: new adventures of an
old flame. Cell,2010,140(6):771-776.

ZHAO G, SU Z, SONG D,et al. The long noncoding RNA
MALATI1 regulates the lipopolysaccharide-induced
inflammatory response through its interaction with NF-
kappaB . FEBS Lett,2016,590(17) :2884-2895.
CHENG HS, NJOCK MS, KHYZHA N, et al. Noncoding
RNAs regulate NF-kappaB signaling to modulate blood vessel
inflammation. Genet, 2014, 5: 422 [ 2018-01-15 7.
https://doi. org/10. 3389 /fgene. 2014. 00422,

HUANG S, LU W, GE D,et al. A new microRNA signal

pathway regulated by long noncoding RNA TGFB2-OT1 in

Front

autophagy and inflammation of vascular endothelial cells.

Autophagy,2015,11(12) ;2172-2183. CF %5 875 1)



%6l

KA A4 . PPE25 8 1 AE J BT B R b PR 240 M Hh 1 4 1 875

(2]

(3]

[4]

(5]

(6]

(7]

(8]

9]

2016-who-2016.
LUTHI B, DIACON AH. Tuberculosis and HIV-features of
the co-infection. Ther Umsch,2011,68(7) :389-394.

SAYESF, SUN L, DI LUCA M, et al. Strong
immunogenicity and cross-reactivity of Mycobacterium
tuberculosis ESX-5 type V[ secretion: encoded PE-PPE

proteins predicts vaccine potential. Cell Host Microbe, 2012,
11(4) :352-363.

MCNAMARA M, DANELISHVILI L., BERMUDEZ LE.
The Mycobacterium avium ESX-5 PPE protein, PPE25-
MAV, interacts with an ESAT-6 family Protein, MAV _
2921, and localizes to the bacterial surface. Microb Pathog.,
2012,52(4) .227-238.

BOTTAI D, DI LUCA M, MAJLESSI L, et al. Disruption
of the ESX-5 system of Mycobacterium tuberculosis causes
loss of PPE protein secretion, reduction of cell wall integrity
and strong attenuation. Mol Microbiol, 2012, 83 (6): 1195-
1209.

ABDALLAH AM, SAVAGE ND, VAN ZON M, etal. The
ESX-5 secretion system of Mycobacterium marinum
modulates the macrophage response. ] Immunol, 2008, 181
(10):7166-7175.

MI Y, BAO L, GU D, et al. Mycobacterium tuberculosis
PPE25 and PPE26 proteins expressed in Mycobacterium
smegmatis modulate cytokine secretion in mouse macrophages
and enhance mycobacterial survival. Res Microbiol,2016,168
(3):234-243.

PARISH T, ROBERTS DM. Mycobacteria Protocols. 3 ed.
New York: Humana Press Inc. ,2015:343-355.

AHMED A, DAS A, MUKHOPADHYAY S.
Immunoregulatory functions and expression patterns of PE/
PPE family members: roles in pathogenicity and impact on
TUBMB Life,

anti-tuberculosis vaccine and drug design.

[10]

[11]

[12]

[13]

[14]

[16]

2015,67(6) :414-427.

FISHBEIN S, VAN WYK N, WARREN RM. et al.
Phylogeny to function: PE/PPE protein evolution and impact
on Mycobacterium tuberculosis pathogenicity. Mol Microbiol,
2015,96(5):901-916.

SINGH P, RAO RN, REDDY JR, et al. PE1l, a PE/PPE
family protein of Mycobacterium tuberculosis is involved in
cell wall remodeling and virulence. Sci Rep, 2016, 6. 21624
[ 2017-08-21 ]. https://www.
21624, doi:10. 1038 /srep21624.

SCHOREY JS, SCHLESINGER LS.

nature. com/articles/srep

Innate immune
responses to tuberculosis. Microbiol Spectr, 2016, 4 (6)
[2017-08-21] . http://www. asmscience. org/content/book/
10. 1128/9781555819569. chapl. doi: 10. 1128/microbiolspec.
TBTB2-0010-2016.
FANG FC. Perspectives series: host/pathogen interactions.
Mechanisms of nitric oxide-related antimicrobial activity. J
Clin Invest,1997,99(12):2818-2825.
WARREN E, TESKEY G, VENKETARAMAN V.
Effector mechanisms of neutrophils within the innate immune
system in response to Mycobacterium tuberculosis infection. J
Clin Med,2017,6(2) : pii: E15 [2017-08-21] . http://www.
mdpi. com/2077-0383/6/2/15 . doi:10. 3390/jem6020015.
BENNOUNA S, BLISS SK, CURIEL TJ, et al. Cross-talk
in the innate immune system:neutrophils instruct recruitment
and activation of dendritic cells during microbial infection. J
Immunol,2003,171(11):6052-6058.
LOWE DM, REDFORD PS, WILKINSON RJ. et al.
Neutrophils in tuberculosis: friend or foe? Trends Immunol,
2012,33(1) . 14-25.

(2018 — 05 — 30 Wi 2018 — 09 — 10 &)
s L #E

CEHEEEE 870 D)

[26]

[27]

[28]

CHENG HS, SIVACHANDRAN N, LAU A, e al.
MicroRNA-146 represses endothelial activation by inhibiting
pro-inflammatory pathways . EMBO Mol Med, 2013,5(7)
1017-1034.

LI K, CHING D, LUK FS.etal. Apolipoprotein E enhances
microRNA-146a in monocytes and macrophages to suppress
inflammation and

nuclear factor-kappaB-driven

atherosclerosis . Circ Res, 2015, 117 (1) : el-e11 [ 2018-01-
30]. http://circres. ahajournals. org/lookup/suppl/doi: 10.
1161/CIRCRESAHA. 117. 305844/-/DCl.

HOESEL B, SCHMID JA. The complexity of NF-kappaB

signaling in inflammation and cancer. Mol Cancer,2013,12;

86 [ 2018-01-16]. https://doi. org/10. 1186/1476-4598-12-

[29]

[30]

[31]

86.
LI CH, CHEN Y. Targeting long non-coding RNAs in
cancers: progress and prospects. Int J Biochem Cell Biol,
2013,45(8):1895-1910.
WU H, LIU J, LI W, et al. LncRNA-HOTAIR promotes
TNF-alpha production in cardiomyocytes of LPS-induced
sepsis mice by activating NF-kappaB pathway. Biochem
Biophys Res Commun,2016,471(1) :240-246.
XIAO H, TANG K, LIU P, et al. LncRNA MALATI1
functions as a competing endogenous RNA to regulate ZEB2
expression by sponging miR-200s in clear cell kidney
carcinoma. Oncotarget,2015,6(35) :38005-38015.

(2018 — 06 — 10 It fif - 2018 — 09 — 20 &[]

wiE W i



