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th 2% R Ih P (differentially expressed genes, DEGs) Fifif&, £ TGRS 2 BB RS (type 2 diabetes mellitus, T2DM) &
it R I FALE. F5iE - o LplT /N WT /NN IR 47 43 s alifh, St 56 S T 43 T4k 4% DEGs, JF#f H 4T GO (Gene
Ontology) IfiEsr #r#1 KEGG (Kyoto Encyclopedia of Genes and Genomes) i #% /3 #7, & S2Ht 98¢ € i PCR (quantitative real-time
PCR, qPCR) %f3CHtse IR BWEATINIE, LR - kil 187 A DEGs, GO Zhfigs#7 fil KEGG i@ #% 5> 97 i/, DEGs F#E £+ %
PEAMRIGTE A SRS Sl B RN S5k Be . AE Lpl™ /NEBUFR WT /NI 2306 26 S de 0 BB ORI 10 AN JERE Y, gremlin 1
(Greml) W5 p AN AEE IMEE, H& qPCR BiF SRS A g R —3, 458 - IR# A5 T2DM il #9245 50
M EY, Halge R mEl Greml FKihSEURE B M RERER
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Identification of differentially expressed genes and pathways in lipoprotein lipase gene heterozygous

knockout mice through gene microarray analysis

CHEN Ning-xin, HAN Ting-ting, ZHENG Shuang, LIU Wei, HU Yao-min

Department of Endocrinology, Renji Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200127, China

[Abstract] Objective - To screen the differentially expressed genes (DEGs) and pathways in the islet tissues of lipoprotein lipase (Lp/) gene heterozygous
knockout (Lp/"") mice and wild type (WT) mice, and explore the molecular mechanism of pathogenesis of type 2 diabetes mellitus (T2DM) mediated
by lipotoxicity. Methods - The islets of Lp/”~ mice and WT mice were isolated and purified. DEGs were screened by gene microarray analysis. Gene
Ontology (GO) function analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis of DEGs were performed. The expressions of
key genes were verified by quantitative real-time PCR (qPCR). Results * A total of 187 DEGs were identified. GO functional analysis and KEGG pathway
analysis showed that DEGs were mainly involved in the biological processes such as immune cell proliferation and differentiation, inflammatory signaling
pathways and cell adhesion. Among the top 10 DEGs screened from Lp/™ mice and WT mice, gremlin 1 (Grem1) gene was closely related to the function

of islet B cells, while the result of qPCR was consistent with that of gene microarray analysis. Conclusion - Multiple signaling pathways are involved in

the process of T2DM mediated by lipotoxicity, which may lead to the dysfunction of islet p cells by inhibiting GremI expression.

[Key words] lipoprotein lipase (LPL); islet B cell; gene microarray; differentially expressed gene (DEG)
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AR TR, &M =ERiME (hypertriglyceridemia,
HTG) A T2DM %35 shr faps &Y. R & AR il
(lipoprotein lipase, LPL) J& i {t. L EEfk: (chylomicron,
CM) Fi % IC 22 B Ig %8 11 (very low-density lipoprotein,
VLDL) =t il (triacylglycerol, TAG) sk fift i) 5%
fig, FCEEHIFNTHREN TR Wl 51 % HTGY, A 11411 B
WWFEE Y KB, Lpl BB 24 A (Lpl™) /NEUATiE
if HTG B A RS 3 Bis, 20" k0
Lpl™ /NEUHBL TS NEREOCE, 2285 B 2 e 7 40 b Rl
B, KRR R MBI N, Ak, fes
PERIE 5 R 5 B AN Eh RERE A U5 & B AR 5, 1.
HRAR I LR PR R

SRS B il e RO AL, REAS =80
Hb B 08 1E AL URR B S rh 2 R R R A R, A BT
BEANNIREER & AR 4 AL, DAk 555 1 30 12
Wr R T 1. ARRIFSE i sk RS e Ll /N BRI A A
(wild type, WT) CS57BL/6 /NG B4 h 022 ik
FE[H (differentially expressed genes, DEGs), F-7FI 44y
15 B Mt ix S R T IR RN T ae s b, LAHIA
FHMEREME T 5 T2DM (19K ot 2 v B 40 AL it
SRR .

1 HEMSE

L1 9255 2y K 12 A

40 JE % SPF 2% 4 ¥k Lpl™ /NEL ) WT C57BL/6 /] B
AL 5K S B i 52 6 S M Bk S AR Ak [ A= 7 VR wTHIE 5
J) SCXK (7)) 2016-2018], k& (25+5)g. Fif
NP EIFET RIS K B B R A G B Be shd Dy i T
G Z Gk, MEVEATIE S 2 SYXK (§) 2011-2021,
ANERGECARRAE TR, oy EMRSE, A B Emkk, 5
ZAFEa R WBEBIA 12012 h, R 21 C, B
50% ~ 55%., P shiASCER R E0E E K fe BilE2g il ok
S R T BB S s BERLE T 40,

Jie g Vo (Sigma, SE[E), 1640 £r5EHE (Gibeo, 3%
E), 54 (Gibco, 3E[E), TRIzol i{Fi (Invitrogen,
), KK E (TaKaRa, HA ), SYBR Premix
Ex Taq i{5l& (TaKaRa, HA),

1.2 WF5ediik

1.2 BRI B R At R e BUNBRUDEMLE E ,
e T HEE N EE AT TTAL, SN0 AT
A O CIEJ e VIHIiR . FRRIREEIS IS, REEREEAN
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W, JELI R VIHIL, SR RO siE ., T8
B T OGS . A 1640 BRI (5 10% i
HMTE), 1637 C. 5% CO, ¥4 H 24 h J5 T ks
Ak, MT RS,

1.2.2 SIS R 25 SRR B WEEFILE F Je 28 5k
WAL Ll EEAEWE ARG R A 5T, 1 STAR #ff:
Gk R R4 7 51 H 5, 1 H R 15 5 b DESeq2 fifi it
Lpl" /N e WT /NEUB B 4120 DEGs, Rk 25 5
A P {E N2 565 % (fold change, FC) RIX1%% (log,FC)
R, 4 P<0.05 H. [log,FC[>2 [y # [A il 4 DEGs, fi
H R iE & b /Y clusterProfiler &1 %} DEGs i 17 GO (Gene
Ontology) I HE 4 # F1 KEGG (Kyoto Encyclopedia of
Genes and Genome) 84 #1, 4 drasHR L P<0.05 A
MR

1.2.3  RNA $ilifi¢ Je SEi ot & PCR S o B ks 35
OB 2 R T . 0 v, AR B DRI ULTE . ) B
HOIA B R Eh 22 (h IR DE ST SERTIACEL RNA 2 151
TRIzol, Jffic ™ &b Ui WIS #R MEF2 UG RNA, fif5E, R
PR 2> Y BE T % RNA IR EEGEATINE , 40 38 I R AT
T —80 C£ ., R Emre )t = PCR (quantitative real-
time PCR, qPCR) *f DEGs 1 5% & B 41 i 2 g & % 1)
FRORI AR R AT R E . AR R A WIS, A
KIKFAE 0.5 ng B RNA R A S (SAFA 10 WL, jn
A RNA (R BURE IR BETHR) BT R B, Sf-an .37 C
15min, 85 C 5s, 4 'C 5min, 1fi )5 {#f ] SYBR Premix
Ex Taq X716, % 1 uL cDNA S5HHCIAFAER A B E 10 pL
o B s 3641 qPCR Bz, 5 T: 95 C 30s; 95 C
5s, 60 C 20s, 20 AMEFR, DLH dhEE -3- B0 I 05
(glyceraldehyde-3-phosphate dehydrogenase, Gapdh) ™M
Zr, FERARFRIR R 22 W Arobr. B Sk
13 ordr (BRi%&E 3 A4 4L), Gremlin 1 (Greml)., &
JE AT B & 19 2 (bone morphogenetic protein 2, Bmp-2) .
Bmp-4 J Gapdh 514935 i 13568 % A W BHE A IR 2 /A
B, SIFAIEE 1,

41 qPCR 5|1)¥ 51
Tab 1 Primer sequences for PCR

Gene Primer sequence (5’ — 3')
Greml F: CAA CAG CCG CAC TAT CAT CAA
R: AAG GAG CAA GAC TGA AAG GAC C
Bmp-2 F: GGA CTG TGA GGT CAA CAA CAA
R: CTT TAG ACA CTG TGG TCG TGG
Bmp-4 F: CAC CTCAAC TCAACCAACC

R: CAA CAC CAC CTT GTC ATA CTC
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Continued Tab
Gene Primer sequence (5'— 3')
Gapdh F: AAATGG TGA AGG TCG GTG TG

R: AGG TCAATG AAG GGG TCG TT

1.3 il itk

2% 1 GraphPad Prism 7.0 %K {45 i 78 £ 4 i 17 58 1
57 Mo qPCRELHE Ml x+s FRor, R ¢ 46 90 28 47 L 4%
P<0.05 FonZ R HARIFE X
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1 Lpl"” INR5 WT /R DEGs ByK LB M4
Fig 1 Volcano plot of DEGs between Lp/” mice and WT mice
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2.1 ik DEGs

ARHFFE R R 15 5 v DESeq2 X Lpl™ /N & WT /s
B S 414 Y DEGs EA T, 1 K LU BRI 2k
FIEAT b7 85 R Bon Lkt 187 4~ DEGs, L if4& A
64, TR 1814 (B 1, 2); Hh, RikZEREN
TR 10 R 2,

* Down-regulated gene (log, FC<0 and P<0,05]
* Up-regulated gene (log,FC = 0 andiP<0.05)
* No-changed gene (P =0.05)

Color Key

Row Z-Score

Lpl

mice

A AT e

R T ] TR P T e

WT mice

Note: Red—up-regulation of gene expression level; Green— down-regulation of gene expression level. Shades of color indicates the degree of change in the expression.

2 Lpl" INRE WT /R DEGs BBEEHAE
Fig 2 Heat map of DEGs between Lp/" mice and WT mice
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#¢2 DEGs HflE# i 10 fRERSIR
Tab 2 Top 10 genes of DEGs

2020, 40 (6)

Gene ID Gene symbol Gene name Gene function

380792 Ighe Immunoglobulin heavy constant epsilon B cell receptor signaling pathway, immune response, phagocytosis

26388 1fi202b Interferon activated gene 202B Cellular response to interferon-3

24108 Ubd Ubiquitin D Proteasome binding, protein binding

16017 Ighgl Immunoglobulin heavy constant gamma 1 Antigen binding, immunoglobulin receptor binding
Cytokine activity, transmembrane receptor protein tyrosine kinase activator activity,

23892 Greml Gremlin 1 heparan sulfate proteoglycan binding, vascular endothelial growth factor receptor 2
binding, bone morphogenetic protein antagonist

17381 Mmpl2 Matrix metallopeptidase 12 Calcium ion binding, hydrolase activity

16016 Ighg2b Immunoglobulin heavy constant gamma 2B Antigen binding, immunoglobulin receptor binding

17329 Cxcl9 Chemokine (C-X-C motif) ligand 9 Chemokine receptor binding, chemokine activity, cytokine activity

83408 Gimap3 GTPase (IMAP family member 3) GTP binding, nucleotide binding

434025 1ghkv9-120 Immunoglobulin kappa chain variable 9-120 ~ Immune response, immunoglobulin production

Note: IMAP—immunity-associated protein; GTP— guanosine triphosphate.

2.2 GO Yitigmnbr
AW 2T % FH R iE = A 1 clusterProfiler £33 17 GO I
RESr HT, LA P<0.05 BE47E, £ (& 3) @75 DEGs

B cell activation
Regulation leukocyte proliferation
Leukocyte aggregation
Leukocyte cell-cell adhesion
Lymphocyte aggregation
T cell aggregation
T cell activation
Regulation of cell activation
Regulation of leukocyte activation
Regulation of lvmphocyie activation
Chemoking receptor activity
G=protein coupled receplor activity
Mucleoside triphosphatase regulator activity
GTPase regulator activity
MHC protein complex binding
Cytoking binding

GTPase activator activity - [N

MHC ¢lass 1l protein complex binding - [
Cytokine receptor activityp ===

W

W

W

W

Antigen binding - _

Multivesicular body - [l

Immunoglobulin complex - [l

T eell receptor complex =
Phagocytic cup = -

Immunological synapse -

Plasma membrane profein complex
Immunoglobulin complex = -

MHC protein complex - -

External side of plasma membrane =

Side of membrane =

TEEEAEDS T4, B RS freaniRid 20 %
AN AR S AR i e, TR LS A0t I 1 2 1 S5 A e
JRANZRRRPR 752 R TE P TR S A A DHRE R DA G

. Biclogical process

Cellular component
Biological function

0

Note: MHC— major histocompatibility complex.

3 DEGs {9 GO I gE o4
Fig 3 GO function analysis of DEGs
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2.3 KEGG i 53 br oAt RIERE SR T RN AR AR P AR Dl L,
W5, ABFST6E M KEGG % DEGs #EA Tl % & 44y H5 Lpl™ /NG & B 4NN RERERTHEC .
Br, &R (B 4) Eonix Lo R 4 2w B AE Sy 4R 5E

Viral myocarditis

Type 1 diabetes mellitus
Tuberculosis

Transeriptional misregulation in cancer |
Toxoplasmosis

Thi7 cell differentiation

Thl and Th2 eell differentiation

T cell receptor signaling pathway
Svstemic lupus ervihematosus

T T
LN

Staphylococeus aureus infiction b @ ”j"“!
Rheumatoid anthritis | ] 005
Primary immunodeficiency ] 004

Phagosome
Osteoclast differentiation i 005
MF-x B signaling pathway 0,02

Matural killer cell mediated cytotoxicity -+ .01

Measles . o

Leukocyvie transendothelial migration
Ciene count

o
°
[
®

Leishmaniasis

Intestinal immune network for lgA production
Infuenza A

Inflammatory bowel discase

HTLV-] infection

Herpes simplex infection

Hematopoietic cell lineage

Graft-versus-host discase

FeyR-mediated phagocytosis

....4
[ ]
° [ ]
=
in =y =

°
[ ]
0000 o -

FeeRl signaling pathway - @ 15.0
Epstein-Barr virus infection | a 175
Cytokine-cytokine receptor interaction | .
Chemokine signaling pathway E [ ]
Cell adhesion molecules | .
B cell receptor signaling pathway | ]
Autoimmune thyroid disease [ ]
Asthma b @
Antigen processing and presentation | ]
Allograft rejection [ ]
T L
8 12 16
Rich factor
Note: Th17—interleukin-17-producing T helper; HTLV—human T cell lymphotropic virus.
4 DEGs #y KEGG @94
Fig 4 KEGG pathway analysis of DEGs
2.4 XA E 3 0 WT mice

{£ b3 Z 5 R 10 /4~ DEGs 1, Greml ZRtsf) & A
gremlin 1 2 BMP £ K MR R Y, Z&E A il 5
BMP-2, BMP-4 & 1 [ B #45 & FHIEr BMP {E Y5 500
B, BF% " %3, BMP ol 2 5IRME IR A K. S 5E K
SHACIIATT, SRS B ARShREA B R, ATk, &
WEoR i 8 Greml A7, 458 (KB 5) Bor, 5WT
ANEFEEE, Lpr™ /NGB B 418U Grem! (3635 = T Bk
1 75%, ifii Bmp-2 J& Bmp-4 WZE B T VSR (o pm0 000, compared with the WT mice.

Hx, 5 qPCR &l WT /NN Lyl NRER B AR R R E R FIAK T

Fig 5 Expression levels of key genes in the islet tissues of WT mice and Lp/"~ mice

Bt

Relative gene expression

i B ff.n" mice
\ {I ‘ \
0

Ciremi Brip-2 Bmp-4
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3 idig

[y B ARl RE 5 A T3 T2DM [AZ o BELAE AL
fillz—, IR AR S RLAE I A g B R R 454 S
Mo NEdE AR I A A lE B ARNGER (free fatty acid, FFA)
AR IR, g TR AL Ik A7 R D K & A
xt FRA [EALEE S, [E4+id £ /1 FFA L) TAG fTE AT
FEAERRHHZLZY, i o %41 S H61% . FFA (R3]
TER TGS B AR, ShiE B ANIIAsE, L/ B 4l
A, WY B, SIHTG [ Lpl™ /NG A i
BRAER AN R S T B AR 3REL,  TLAR 4 b A
L HTG 5% T2DM [yS5EE A Bt f2 . ASTREZH i g B F
e HKW, Lpl" /NEU B B R OOR. S B A A
PR R/ R AR R T3, Lpl /NEUBR S 4R & A A
R SR B 6 SR 4 WA RE IR T R, X SE A R AR AR IR
AR TY (Rl R B & B i) rpfs3 Tk —2p
UESG. A TR AT RERY 4> WL, ASBFFORE Lpl™ /N
WT /N 5 B4 740 B Falift, I 2 RS R e /N Bl
g £ i) DEGs, 2R A 15 B4 5 i ix Lo d (R kAT
RAHFIThRE S B, PO I T RIB LR IE

{EFIRIE S dc Ay WAE IR 10 NI, Ighe, Ighgl .
Ighg2b. Igkv9-120 & %% R P HLR &S AL REERE N
PR HE R PR ER R R EE A A SR 4 - 162020 5 R
ZG Z K+ 2 (absent in melanoma 2, AIM2) RIAEMAEL
R Y, BADR " RZERNESR 5 T/ RIE
Wi T AU e G A= s AR KB, Ubd (EZACFM S
g v B S e AR TR, & vl A 08 M
F1#% K+ -xB (nuclear factor-kB, NF-xB) &5 M i {e
TES /N IR RAE & A 5 e s Mimp 12 5 B Bk
FHOG, 3 T 1ok 18 Y5 240 PR - 7K PR TR Y /N BRI R R
R U, Crel9 16 1 M/ INRB R i 28 50, A5 %
SERY ™ AR A, R 2S5 T 58 B & Rk e
K" Gimap3 W 5 & GTP #1454, 5 T 4k 4k
FAFETEAR DG, XL AR R, H i 8 e AR JC UIE 3 26 B
5l 5 B 4iigThre s T2DM A7 {EAH e, (R IESE B R
&, Greml ity & B gremlin 1 J& T BMP 55071 5%
HER Y, WTBHET T BMP 5 55@ %, BMP & ftA K
T -B (transforming growth factor-B, TGF-B) #8 % EHI
— 0, BRERKERTFEWXIBN MG S o1, AIEE
HINENG & B Koo e fh R RBHER], 182 5IEIEH
R BT Koo (R IIR S Y AR R, (R R
MR T A i 3 -1B (interleukin-1B, TL-1B) Jz T4k
# -y (interferon-y, IFN-y) W] fEif il #4i% BMP-2 i
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5 B AR T R hRERERS . 1Tl BMP-2 1 BMP-4 {33k
NI RE G 8 5 B 20N 3 58 R 5y W D RE 7= A 4kl v R
Sakhneny % " WfF 58 & B, B 1 B 4 AT % ik BMP-4 [y
2k, H BMP-4 5 B A IhREAH 3, RARBFRILIER,
BMP {553 #% 7] RELEHE IR IR £ ThHe 5 4 (06 %
fata, Bk, ABFZEFIH qPCR 38 LS 4 gk 708
EREL, Lpl" /N HE A Grem] fIZi5 8K WT /)
S NP, 1 Bmp-2 e Bmp-4 BIFER 20 B B3804k
MM, gremlin 1 K R BMPs {5 53l a2 5 1
NaaE AT SRS B AN ShRERE AT K A R k e, IEAL,
BAWFE " F W Greml W g5 T2DM HE 1 E [ R K&
W DRI B P R AR ARG

1% DEGs #E47 GO ZhRE sy HrFl KEGG J# #% 53 #r
K¥LDEGs 25 T S M IH 10 . RIEME Sk, i
B RN RSP AR SR, . TR TRSE P RS TR
PEVE T 1Y RIE SBLAEBR 5 DhRERE R i g R, BIFE &R
WSRO/ NG, TR H L EEAR R S S s ik
ARG K B B AR P g D e T 2 0 A e PR T
e e A -, Jld s RAELE 5 i T 5B A4 D) ek
. AR EHTFZE " & AR SE, 8 Lpl /NG
{5 F R KRR R S TR 2 B AR b T, bRt R SE )
“f- -a (tumor necrosis factor-a, TNF-a). & R40MH -+ IL-
1B. IL-6 K B WEAnNERZ sh iR+ (macrophage migration
inhibition factor, MIF) [k - & FF&, Lpl™™ /NELHE
S L T i MIF (kB35 5 A0, @I Lpl™ /)y
e JBRE 2 2HL 2RI A AR SR A T 5 B 4t e v NF-B 411 4] K]
F (inhibitor of nuclear factor-xB, IxB)/NF-xB & ¥ {3 &
WK PE TG, H5 B AN PhREFERS B UIAH G, 5 A i
58" S B, FFA A 355 41 J8 18 5 v 1) J i B 2R A g =
JE 5 2 rh A ) MRS BRI, 92 B R ) 41 4
H SE AN R -Gk BRI EUR 5 B 4R hEE
(R TN

AWFFE GO Byfgm Hrik KB, DEGs FEEHEAE T 4
H. B ANARSE Sy dnM R A A it A, TIPS A ok bk
ZWIWFIE T 46 5GTE B B S CE0E DRI At Bt 1
H &t — L2 R FHS 500 A S0 BUsisr ™ ik K
PR RE, T SRR R B B 2 A G2 DA K B AR T
AN PR BE R Y, BFsE Y @R, T2DM RS
AR SR AR R - B B, T 5 1R S IR S E501R B ThRE
W, XA RAE FEIA LRI St P58 5 k)
Bz, M BCEMEDE 2R HAE T2DM B4 A B & o w3
22 3 f 92 AR MY 2R RN S P AR YR, LA, M1 RIE
W 20 T 4 6 R A % PR F- L4 TL-12, TNF-a, IL-1,
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