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Abstract: [Objective] To investigate the IncRNA expression profile and potential roles in mouse intestinal mucosa
after I/R treatment and explore the co—expression relationship between dysregulated IncRNA and apoptotic mRNA at the

early stage of reperfusion. [Methods] The expression profiles of IncRNA were obtained using microarray and some
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IncRNA were further validated by quantitative real—time polymerase chain reaction (qRT-PCR). Gene ontology (GO)
analyses were performed to determine closely related biological functions, especially apoptosis—related functions. Finally,
the known apoptosis—related mRNA with obviously changes were selected to construct the co—expression network of the
dysregulated IncRNA and their correlated apoptotic mRNA, and were analyzed by CNC analysis to calculate the
significant correlation of IncRNA-mRNA pairs. [ Results] Compared with sham operation group, the expression profile of
IncRNA in intestinal epithelium of mice after intestinal I/R was significantly changed, including 1 503 up-regulated
IncRNAs and 2 099 down-regulated IncRNA (Fold change=2, P<0.05). At the same time, 1 528 mRNA were up—
regulated in I/R group, while 1 630 mRNA were down—regulated (fold—change=2.0, P<0.05). GO enrichment analysis
showed that the main functions involved in regulation were lipid metabolism, redox reaction, stress reaction, apoptosis
process, programmed cell death, cell cycle, inflammatory response, endothelial cell differentiation and proliferation,
tissue remodeling, MAPK, Wnt, vascular endothelial growth factor signaling pathway and so on. Apoptosis— related
subitems were enriched in the up—and down-regulated annotations of GO molecular function in different forms, which
were in the forefront. There was a significant co— expression relationship between apoptosis— related mRNA and
dysregulated IncRNA. [Conclusion] In this study, we established and preliminarily validated the expression profiles of
the differentially expressed IncRNA at the early stage of reperfusion in mouse intestinal ischemia injury. Bioinformatics
analysis showed that the important biological function of dysregulated IncRNA was the regulation of apoptosis—related
processes, and a large number of those IncRNA were indeed highly co—expressed with apoptotic genes, which would
provide a basis and direction for future research.
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Table 1 The modified Chiu score for intestinal mucosa injury

Score Pathological changes

(=)

Normal villi and glands

Some top villi falled off.

O 0 9 AN B WD =

Bleeding, ulcer

Some top of villi changed and the Gruenhagen cavity began to form
Gruenhagen cavity formation, glandular slightly injuryed.
Increased subepithelial space, capillary congestion

Epithelium was moderately separated from the lamina propria, and glands were damaged

Villus falled off obviously and capillaries were dilated.
Villi of the lamina propria falled off and the glands were obviously damaged

Lamina propria began to digest and decompose
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Table 2 Primers used for qRT-PCR

Seqname Primer sequence t/°C Product Length/bp
F:5"GTTGTCTCCTGCGACTTCA3’

GAPDH(MOUSE) , , 60 293
R:5 GCCCCTCCTGTTATTATGG3
F:5’CCAAGACAACATTCACCCCT3’

uc007oua.1 60 163
R:5’CCCACAGAACACTTCCCTCA3’
F:5" GAGTGTGCGGTCATTTCCA3’

ENSMUST00000129245 , , 60 244
R:5"TGTGGCAAGAGTCCAAGTGTC3
F:5" AGTAGCCTAGTCTAGCACCCA3’

AKO014219 60 86
R:5’CCTCTTCTCCTAACTCCCTTC3’
F:5 AATGTGGTCAATGGTCAGCC3’

ENSMUST00000122117 60 166
R:5 GACTTTATCTCCAGAATGTGCC3’
F:5" AAGCCAGATAGGGCATACAAGA3’

AK089510 , , 60 168
R:5 GTCACCCGCAACTCAGAAGAT3
F:5"GTGCGGAATCGACATCAAGAG3’

NR_002865 60 75

R:5’CCGGGACCAACGATCACC3’
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Fig.1 Morphological imaging of mouse intestinal mucosa under optical microscope ( x200)
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Fig.2 The Chiu’s score for mouse mucosal injury
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Table 3 Differentially expressed IncRNA( >10.0 fold change, I/R vs Sham))

(n=3/group)

IncRNA seqname Regulation  Type Fold change P-value t—value
ENSMUST00000122117 up intergenic 99.120 <0.000 1 21.110
ENSMUST00000139469 up natural antisense 60.854 0.014 9 4.165
ENSMUST00000144610 up intergenic 44.930 0.010 8 4.502
AKO089510 up natural antisense 24.533 0.002 3 6.908
ENSMUST00000156662 up exon sense—overlapping 22.545 0.006 1 5.305
ENSMUST00000148552 up intergenic 21.242 0.177 2 4.888
ENSMUST00000131854 up exon sense—overlapping 19.215 <0.000 1 59.324
AK155161 up intronic antisense 15.260 0.000 4 10.813
Uc008vch.2 up exon sense—overlapping 12.505 0.024 1 4.535
NR_002865 up intergenic 11.567 <0.000 1 16.838
uc009ebr.2 up intergenic 11.182 0.000 2 13.269
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Table 4 Differentially expressed mRNA ( >10.0 fold change, I/R vs Sham) (n=3/group)

Gene symbol Regulation Seqname Fold change P-value t—value

Try4 up NM_011646 327.818 <0.000 1 25.018
Akp3 up NM_007432 88.514 0.022 4 3.816
TryS up NM_001003405 88.243 <0.000 1 32.070
Ugt2b38 up NM_133894 44.923 0.010 1 4.797
Gm766 up NM_001145390 44.876 0.015 3 4.363
S100g up NM_009789 42.301 0.009 5 4.867
Tmprss15 up ENSMUST00000060402 34.338 0.019 7 3.964
Sle40al up NM_016917 24.454 0.016 2 4.397
Trpv6 up NM_022413 24.182 0.040 0 3.199
Il up NM_008412 23.129 0.004 6 5.915
Prss2 up NM_009430 21.540 0.000 2 13.578
Papss2 up NM_011864 16.433 0.018 1 4.268
Hist1hl1b up NM_020034 16.237 0.003 0 6.648
Trib1 up NM_144549 14.899 0.000 3 12.367
Reg?2 up NM_009043 13.208 0.012 4 4.528
Regl up NM_009042 11.706 0.002 4 6.877
Atp2a3 up NM_001163336 11.382 0.001 7 7.532
Dusp5 up NM_001085390 11.369 <0.000 1 30.703
Fosl2 up NM_008037 11.041 0.005 7 5.391
Ifngrl up NM_010511 10.904 0.002 4 6.831
Atp2a3 up NM_016745 10.876 0.002 8 6.596
Fos up NM_010234 10.822 0.001 3 8.074
Vmnlr53 up NM_053226 10.819 0.005 6 5.420
Caprinl up NM_016739 10.721 0.000 6 9.683
Gm7120 up NM_001177666 10.601 0.009 7 4.955
Atp2a3 up NM_001163337 10.297 0.001 6 7.642
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Hierarchical clustering showed the top 20 of 10.0 fold change of IncRNA and mRNA expression profile between the two groups and homogeneity

within groups. The color from green to red indicates that the level of transcription is from low to high. n=3/group

Bl 3 H720 4R 10 5100 _E = FRIEH IncRNA F1 mRNA B2 E (VR Lk Sham 48)
Fig.3 The top 20 of hierarchical clustering about 10 fold change of IncRNA and mRNA expression profile (I/R vs Sham )
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Table 5 Apoptosis associated GO analysis items

GO.ID Term Count Enrichment score P value
G0:0006917 induction of apoptosis 33 1.938 <0.001
G0:0097194  execution phase of apoptosis 15 2.791 <0.001
G0:0008624 induction of apoptosis by extracellular signals 3.822 <0.001
G0:0072332 signal transduction by p53 class mediator resulting in induction of apoptosis 7 4.267 <0.001
(G0:0008629 induction of apoptosis by intracellular signals 10 2.719 0.003
G0:0045767 regulation of anti—apoptosis 2.525 0.012
G0:0045768 positive regulation of anti—apoptosis 2.525 0.029
(G0:0006916 anti-apoptosis 19 1.591 0.030
G0:0042771 DNA damage response, signal transduction by p53 class mediator resulting

in induction of apoptosis + 3214 0032
G0:0043065 positive regulation of apoptotic process 59 1.960 <0.001
GO:0006915 apoptotic process 118 1.479 <0.001
(G0:0042981 regulation of apoptotic process 95 1.496 <0.001
G0:0008637 apoptotic mitochondrial changes 12 3.595 <0.001
G0:0097190 apoptotic signaling pathway 15 2.821 <0.001
(G0:0043525 positive regulation of neuron apoptotic process 9 3.535 <0.001
(G0:0097285 cell-type specific apoptotic process 27 1.663 0.006
G0:2001235 positive regulation of apoptotic signaling pathway 6 3.421 0.007
G0:2001244  positive regulation of intrinsic apoptotic signaling pathway 4 4.714 0.008
G0:0002902  regulation of B cell apoptotic process 4 4.419 0.010
(G0:2001233 regulation of apoptotic signaling pathway 7 2.578 0.017
G0:0006921  cellular component disassembly involved in apoptotic process 5 3.048 0.021
(G0:2001242 regulation of intrinsic apoptotic signaling pathway 4 3.367 0.028
(G0:0097191 extrinsic apoptotic signaling pathway 5 2.678 0.036
G0:0097193 intrinsic apoptotic signaling pathway 5 2.599 0.040
G0:0060561 apoptotic process involved in morphogenesis 3 3.535 0.049
(G0:0043066 negative regulation of apoptotic process 57 1.560 <0.001
G0:0010660 regulation of muscle cell apoptotic process 6 3917 0.003
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= 3 M HRIESH
Tgc 0 Table 7 The co—expression analysis of 4 validated
b 1) 2) IncRNA and the above apoptosis associated mRNA
_Lé = Gene Symbol Seqname pce  pee_group  FDR
£ —104— . . . . . Casp6 AK089510 0.995 + 0.002 8
1 23 4 6 Gadd45a  AK089510 0.996 + 00026
Fasl NR_002865 0.997 + 0.002 0
1: uc0070ua.l; 2: ENSMUST00000129245; 3: AK014219; 4 Bad ENSMUST00000129245 -0.997 _ 0.002 2

ENSMUST00000122117;5: AK089510; 6 : NR_002865. Three upreg-
ulated and three downregulated differentially expressed IncRNA were
validated by qRT-PCR in samples from 3 sham and 3 I/R subjects.
Each sample was analyzed in triplicate. Gene expression was normal-
ized to GAPDH expression and calculated by 2 **“" method. The
heights of the columns in the chart represented the mean fold changes
log2 (ischemia reperfusion/sham ) in the expression between /R group
and sham group. The qRT-PCR results were consistent with microar-
ray data. In gqRT-PCR validation, 1) vs sham group, 1=7.760, P=
0.025 3; 2)vs sham group, =5.850, P=0.045 0; 3)uvs sham group,
1=8.499, P=0.011 8; 4)uvs sham group, 1=8.518, P=0.005 8, n=6/
group.
E5 FEHLPEE 6 4 IncRNA f9 microarray 1 qRT-PCR
WEZE R LB
Fig.5 Comparison of 6 randomly selected IncRNAs
expression level between microarray and qRT-PCR

validation

F6 BHiEM 10N AT mRNAERFERBRLEHE R
Table 6 Ten apoptosis associated and differentially
expressed mRNA in the microarray profiling

(n=3/group)

Gene Symbol Fold change Regulation P value ¢ value

Stat3 4.06 up 0.0043  5.804
Vdacl 3.66 up 0.0150 4.484
Casp8 2.97 up 0.0358  3.112
Fasl 291 up 0.0008  9.227
Gadd45a 2.85 up 0.0010  8.685
Casp6 2.45 up 0.006 1  5.286
Dusp6 2.28 up 0.0418 2955
Aifml 2.23 up 0.0200  3.745
Atf4 221 up 0.0004  10.852
Bad 2.06 up <0.0001 17.886

FDR: false discovery rate.
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Fig.6 The co—expression networks of 10 apoptosis associated mRNAs and their highly correlated IncRNAs (pcc=0.995,
FDR<0.01)
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