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[ Abstract] Objective To find the differentially expressed genes ( DEGs) in diabetic patients combined with abdominal aortic aneu-
rysms ( AAA) through bioinformatics analysis, then clarify their functions, and explore the roles in the pathogenesis. Methods The
expression profiles of GSE21321 (diabetes mellitus) and GSE7084 ( AAA) were downloaded from the Gene Expression Omnibus ( GEO)
database. The 2 microarray datasets were integrated to obtain DEGs by screening at P<0. 05 and expression changes greater than 2 times.
The subcellular localization of obtained proteins was analyzed by using Genscript database and Predictprotein platform, which were further
verified with fluorescence co-localization analysis. The protein interactions of hypoxia-inducible lipid droplet-associated ( HILPDA ) were
analyzed by the search tool for the retrival of interacting genes ( STRING) database. SPSS statistics 13. 0 was used for data analysis.
Difference of measurement data was compared with analysis of variance. Results HILPDA was screen out, with up-regulation by
11. 35 times in type 2 diabetes mellitus and by 6. 4 times in AAA. The results of subcellular localization predicted that HILPDA is
mostly distributed in the nucleus and mitochondria. Immunofluorescence co-localization analysis confirmed that HILPDA had a higher
expression in the nucleus and the mitochondria of vascular smooth muscle cells; protein-protein interaction ( PPT) network analysis
confirmed that HILPDA-related proteins are related to cellular response to hypoxia and lipid droplet. HILPDA protein expression was
significantly higher in the AAA tissues than the peritumor arterial tissues (control group) [ (47.2+5.6)% vs (71.5+4.7) %, P<0.01].
Conclusion HILPDA gene might have potential guiding value in the clinical studies concerning the diagnosis and treatment of diabetes
accompanied with AAA.

[ Key words] diabetes mellitus, type 2; abdominal aortic aneurysm; hypoxia-inducible lipid droplet-associated

This work was supported by the National Natural Science Foundation of China (81700416).

Corresponding author; MA Dong, E-mail. mamamadong@ 163. com

s BEA: 2020-09-12; #FHHES: 2020-10-21
E£mH: FEXRALRPE4(81700416)
BEEE: D4, E-mail:mamamadong@ 163. com



- 454 - PHEBIEZAVEDINAGE

2214F-6 H 28 H %520 % %8 6] Chin J Mult Organ Dis Elderly, Vol.20, No.6, June 28, 2021

W B 2 4 B A 2 AL RSO S e R
FIB AR B, T BOIR A AL AN A ILAE , AT
T IS B BN A8 N I A 460 5, O LA kg Bl
WA FMB I R RE Y AR 2 BB R
JE: 18 8 Bk ( abdominal aortic aneurysm, AAA) {9
DRAPPERR 4 Sl ok 6 A5 A Tk 28 O 1 7
o5 114 155 2 2 W DR R T T R R
IR, 2 BB P s 2 T LT 2 W R T T
AP Y T FG 7 BAT B S

B4 T 5% AH ¢ 8 F (hypoxia-inducible lipid
droplet-associated, HILPDA ) f&id S AL ¥ B 1A 14 5E )
0% 3Z R (peroxisome  proliferators-activated recep-
tors, PPARs) FUFE &0, 2 5 H il =R 09 40 W, 98755 T
HEAR A . HILPDA 7E5 31 3h bk ke e A 4k rp i
TS IMBER i Bk A 1 28 B JE B, HILPDA 4 3
(GG 5% e Sh Bk Ik R R AL 1Y B 2R 270 Bkl i
AL 5 1 = B Dk 09 & AR AR G BT 2 BURE IR s e
W R LA 7 TR LARTE . AR50 AR 5 B
SO A3 A AL B g IR A B, 2 AU A T AAA
SR BRI 4 41 20 rp HILPDA 3k 8 i [,
PEIR MBS IR ZE 0L i IZ A K 3Rh HiRfE #E—2m
R B ERL , 1 B AR BT AR 2 | fE R b 1N
B R AR AT ML

1 RS

1.1 ##

N T B kSF 5 UL4E MO RR (human aortic smooth
muscle cells, HASMC, ScienCell, no. 6110, 3¢ [F 4 Jitg
Bl2p o dml)  RAR LT 7 (mitotracker-red ) ¢ Y HR T
( B = RAEMBEARA RN F]) 4% 2 5 W7
W (AL TR A RAF]) (10% 1 F 1M3E (i
BRRAEYHAARAF],C0265) ,anti-HILPDA i
R EEEEAEYRHARAR) SFRARIOLR
( fluorescein isothiocyanate, FITC) Fgic ¢ )% — $it
(R R B HCA PR\ ) | & 40 % 5
Jea ) 476~ Pk Ak -2 - HR LGk (47, 6-diamidino-
2-phenylindole, DAPI, I 7 PG #% 3t Ba 4 H1 25 45 2

UNGIDIS
1.2 FHik
1.2.1 ERFRRERMGE HEREEREVHE AR

& B HLs (National Center for Biotechnology Informa-
tion, NCBI) M3 Gene Expression Omnibus( GEO) 4§
P& % (https : //www. ncbi. nlm. nih. gov/geo/ ) 43 Jill K
22 BRI  AAA AROCEUIRAR , 315 GSE21321 Al
GSE7084 B¥E4E . GSE21321 FuHREREA fy 2 Hlp

PRI (n=158) JIE# N IMEAEA (n=158) ;
GSE7084 Hdl i I8 £k (n=7, 551 3 f1]) A0
AAA HEREAR (n=12, Bk 8 B) 5 5l S FEFE T
24 h P (KRR TR A5 (B BoR AL 3RAR
FIFH GEO2R 7E£E T H X} GSE21321 il GSE7084 %%
PRAE AT 25 5 FE PR Ay bt O 1B A R Ak AR A i SE A,
I3 91120 5 ) R A = 1] 2 57 R R 1 JE R ey R BB AE A
- A K L P B R, Sl P R A A Ay
AEEDA 22 AL (fold change , FC) FUXS £ (R, A AL AR
AR P AEE 10 fXFEUS B U, 2T sk
AR A4 SRR R I 0 4 2 IR, B DA 3 A o
B £H AT B 2 Hp 2 3k 2 SRR I B A 3 A

1.2.2 WAHALE AT @i NCBI Y Protein 41
P& % (https ://www. ncbi. nlm. nih. gov/protein ) £ &
HILPDA , 13 %] HILPDA & H & 3£ 2 FASTA ¥ 51,
# HLPDA ZE 1 FASTA ¥ %1% A Genscrpt 505 /&
(https://www. genscript. com/tools/psort ) M predict-

protein *F- 5 ( https://www. predictprotein. org) #f 17

A A0
1.2.3 O @ILE AT HILPDA 8 H 7E 40 i
BAEZRATRE AL AL LA IE Fr,
mitotracker-red JITAXE F£ 5 30 min J5 B /N B IF
FZ R W RE [ 7€ , 10% L1 = 1L 3 2F P4, anti-HILPDA
PUABFE 454 37°C 2 h, IS AR FIR G E (fluores-
cein isothiocyanate, FITC ) bric ¢ 6 —Hi i H 45 &
45 min >R H 5 MRS S PG €55 DAPT 3} 5]
B, B S ST RO R AR SR MO e A SR
IKFEL
1.2.4  STRING ¥l )% 73 HILPDA 2 HAH AR
FHMZE J3ht HILPDA Kz HORH DG HE F 7 b I 4
o & eI Jil it e % T BE ML, 4 H] STRING ( search
tool for the retrival of interacting genes ) % ¥ J&
(https://string-db. org/ ) AT A HAE 1T, 1 B H
B 0. 4, —FAHCE B <10, — AR AL AR
<10, ¥y HILPDA & F A AR HIM 28 3 21T GO
FI KEGG 437, 15831 HILPDA 8 [ AR B A FH 4% K
SHOCEH GO M KEGG &, &I A A
FHRIZE Py R 8 B, R BERR S AR,
1.2.5 S AR IS FRIE 5 1 AAA 4]
U HILPDA (9335 A HLU DI A 4 um, %
PELH A AL 2% (immunohistochemistry , THC ) 4% {4 %
HERE T K FI R — 2 S A W)l 3% 45 15 (streptavidin-
peroxidase conjugated method, S-P) ¥ 15 B 5 #E47,
FEALIEE 5 A~ PLEF | 3 i Image-Pro Plus 6. 0 #k {4
(Z£[E MEDIA CYBERNETIC E1&H AL 43 Hrts:



TR EAEL RV ERZE 2021466 H 28 H 45204 45 6 Chin J Mult Organ Dis Elderly, Vol.20, No.6, June 28, 2021 - 455 -

ORI N T R E b, —PURHRbt
AJitk HILPDA (PAB20497, Abnova) .
1.3 SitFaE

K SPSS 13. 0 FAF#EA TR 04T T TR
PP hRUEZE (x4 ) FOR A FEPRIE] FBR FH 8 42 0
BT 2203HT, P<0.05 NERA G H¥E X,

2 &4 R

2.1 ERFIEEATE

GEO2R 7515 B W) 2 d 22 S H A DL P<
0. 05, IlogFC I >1 prifEdiidk 3] 2 BB IR AT AAA
(1) 22 5 5L 03 50l 2405 1314 4>, GEO2R 43 #r4h
R HILPDA JEPR 7E 2 BUOBE R b |3l 11,35
W, AAA H EIE 6.4 £, HIGR MM X EABA B
TS 2 RIBEIRAG S AAA 25 SR L R
B, B A Sk 2 BUBE R 22 S 36 R KL B B B
AAA 23R K, 2 oy o5 ok i 3 R 3k
PR, R 0095 o0 8 38 R RS IR, B0 o e e
Pt SR SCR TNTRE S bRl ek TR S BEA
EbRic K o W2 R AR S R R A dn i SR A
e A 2 R
2.2 THARRTERIS#T B 3% S R T

KT AR TR B E AN mIEN, T
fif 12 2R 0 D) RE , 6 AT S 0 AR A7 T 43 At
R e e e A SE e, A0 B e o 45 R LI 2,
Bl A SN Gencript £CH8 2 70000 45 55 B B b #0Ok

FLERAE W T B 3k A WL 58 i A 7 o L 4
HILPDA 25 [ 76 21 M A% R 2R 4 o i 2 1015 1
Gencript 2045 4 .7~ HILPDA 25 F #0240 it % 157 4 -
AMIAZ i 30. 4% , RRLR PG 26, 1%, JE BT
13. 0%, e /R B v i 8. 7% , 4l Jfg A1 (445 40 il
BEY 5 8. 7% , i A7 15 13. 1% ; predictprotein -
AN ZE H Oy M L, O AT {E Y 73, it
179 6HRIC 9 HILPDA i &2 30 i &% 580, 4
MR DAPL Gt €5 f5 5 B i i €098 O, 4Rk i 4
Mitotracker J4 (0 5 2 I LL A2, AT 45 R E W
LR Ry 43 WA EE L TE 20 A% R Lok A v A AR
(2835, 2R W 55 7T T ik DR A ] 4 K 4 i 1Y B 1
FCBIAR G
2.3 HILPDA ERHEEEAMERERLRIE(GO),

REERNERAYHERE (KEGG) EEA

o HE— 2 WF S8 HILPDA 3 PR 5% i ol R 5
AAA B FABILIR R 12 5 44 B A STRING £ 4
JE 1535 HILPDA 2 A B AE 45 LA 3, 21
75 55 A X St A1 S I AF OG5 B €7 s R
A BEA R R AR OC s S a7 s SRR BT AR ¢, KR
A4 (gene ontology , GO ) il 5t S 35 PRI i1 i [R] 40 £ 48
J% (Kyoto encyclopedia of genes and genomes, KEGG)
EESHTRY], HILPDA Rk £H 2 5HEIE 1
RNA G 1A 205 s ny I8 45 | 40 i 0T Bk 4007 3
(1) S I AR e A CH Il = BR R 43 A A Q3 R e 1)
P ST A IIRE (KR 1) o

75 23T
@ 5.0F . = -
i S 27 Up g 50 Up
= ., il . o . Down - Down
= 0« o8 . Not 5 Not

2.5 2.5k

0.0 0.0k

4 0 4 4 0 4
log, ( Trail making test / Control ) log, ( Trail making test / Control )
A B
1 2BBERFES AAA ZRERNLE
Figure 1 Volcano maps of different genes between type 2 diabetes mellitus and abdominal aortic aneurysm

A: volcanic map of differential genes in type 2 diabetes mellitus (T2DM group, n=158; control group, n=158) ; B: volcanic map of differential
genes in abdominal aortic aneurysm ( AAA group, n=12; control group, n=7). The abscissa represents the difference multiple (log, value) of
the differential gene, and the ordinate represents the P value (—lg value). Red node is significantly up-regulated gene; green node is significantly
down-regulated gene; black node is no significant difference gene. Green marker gene is significantly up-regulated marker gene; red marker gene is

significantly down-regulated marker gene; blue marker gene is no significant difference gene. AAA: abdominal aortic aneurysm.
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Figure 2 Subcellular localization of HILPDA protein

A prediction results of Gencript database; B: localization of HILPDA protein in nucleus and mitochondria of vascular smooth muscle cells observed under

laser confocal microscope. Blue represents DAPI staining nucleus; red represents mitochondrial dye mitotracker; green represents HILPDA antibody.

HILPDA : hypoxia-inducible lipid droplet-associated; DAPI; 4’ ,6-diamidino-2-phenylindole. Scale bar=50 pm.
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Figure 3 HILPDA protein interaction network diagram and
enrichment analysis
Red node is related to the cell response to hypoxia; blue node is related to
the regulation of cell metabolism; green node is related to lipid droplets.

HILPDA ; hypoxia-inducible lipid droplet-associated.
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&1 HILPDA REMXEREN GO &R KEGG B 7 #
Table 1 GO enrichment and KEGG pathway analysis
of HILPDA and its related genes
False
Item Description Count
discovery rate
GO-term
Biological process
0061418 Regulation of transcription from RNA polymerase Il promoter in response to hypoxia 5 4. 66e-07
0071456 Cellular response to hypoxia 6 4.73e-06
0019433 Triglyceride catabolic process 3 0. 00044
0031325 Positive regulation of cellular metabolic process 12 0.0015
0010883 Regulation of lipid storage 3 0.0015
0010891 Negative regulation of sequestering of triglyceride 2 0.0018
0043687 Post-translational protein modification 5 0.0027
0036155 Acylglycerol acyl-chain remodeling 2 0.0027
Molecular function
0005109 Frizzled binding 3 0.0012
0052689 Carboxylic ester hydrolase activity 3 0.0139
0035035 Histone acetyltransferase binding 2 0.0139
0016411 Acylglycerol O-acyltransferase activity 2 0.0139
0016298 Lipase activity 3 0.0139
Cellular component
0005811 Lipid droplet 5 2.27e-06
KEGG pathway
hsa05200 Pathways in cancer 8 1. 36e-06
hsa04923 Regulation of lipolysis in adipocytes 4 6. 88e-06
hsa05217 Basal cell carcinoma 4 8. 83e-06
hsa05211 Renal cell carcinoma 4 8. 86e-06
hsa05205 Proteoglycans in cancer 5 1.39e-05
HILPDA ; hypoxia-inducible lipid droplet-associated; GO gene ontology; KEGG: kyoto encyclopedia of genes and genomes; e-07; 107 ; e-06; 10°; e-05: 107,
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Figure 4 HILPDA expression in human diabetes mellitus complicated with AAA and
corresponding aneurysmal tissues detected by IHC
IHC: immunohistochemistry; AAA: abdominal aortic aneurysm; HILPPA : hypoxia-inducible lipid droplet-associated.

Compared with control group, * P<0.001. Scale bar=50 wm
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