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Abstract: [ Objective] To investigate the expression of diabetes related microRNA (miRNA) in plasma exosomes of
pregnant women complicated with gestational diabetes mellitus (GDM) and to study their association with the pathogenesis
of GDM. [Methods] In this study, diabetes related miRNAs microarray data sets were searched through Gene Expression
Omnibus (GEO) database, and screened by GEO2R to determine the candidate miRNAs. Differentially expressed miR-
NAs were selected if the change is consistent in more than one microarray data sets. Singleton pregnant women within 10—
16 gestational weeks (gws) were included and their plasma was obtained for further analysis. In 24~28 gws, oral glucose
tolerance tests (OGTT) were performed to diagnose GDM or normal glucose tolerance (NGT). Diabetes related miRNAs
expression in plasmatic exosomes was compared between GDM and NGT groups by RT-PCR. Receiver operating character-

istic (ROC) curve was applied to assess the predictive efficiency of miRNAs. Finally, Kyoto Encyclopedia of Genes and
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Genomes (KEGG) pathway analysis was used to reveal the function of miRNAs.[ Results] Five diabetes related microarray

datasets were downloaded from GEO database, including GSE94649, GSE21321, GSE98043, GSE148961 and

GSE27645. Ten differentially expressed miRNAs were found, among which seven were up-regulated and three were down—
regulated. RT-PCR results showed that, compared with NGT group, hsa—-miR—188-5p, hsa—miR-663a, hsa—miR-135a—

Sp and hsa-miR-4707-5p in plasma exosomes of GDM pregnant women were up—regulated. The area under the ROC curve

(AUC) of these four miRNAs for GDM prediction was 0.839 (95%CI: 0.724~0.954). The target genes of miR—135a-5p

were involved in insulin signaling pathways. [ Conclusions] Differentially expressed exosomal miRNAs in GDM plasma act

as potential predictors of GDM. Among them, miR-135a—5p mainly participates in insulin signaling pathways.
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(Malvern Instruments, UK) X ZM A FE 47 48 2K Jiokr
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R 455 8%, GDM 2 22 0 1 3% A A b hsa—
miR-188-5p(2.08+1.30 vs. 1.15+0.63,¢ = 3.497,P <
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Table 1 Basal characteristics between GDM and NGT

[((x+s5),n(%)]

GDM (n=30) NGT (n=30) /X P

Agelyears" 33.63 + 3.81 33.60 + 3.70 0.034 0.973
Gestational age/weeks"

At enrolment 14.33 £ 1.27 14.37 £2.21 -0.062 0.950

At OGTT 26.63 + 1.49 26.20 + 1.36 1.125 0.265

At delivery 38.87 + 1.19 39.03 + 0.86 -0.596 0.554
Weight/kg"

Pregravid 55.17 £ 7.39 55.94 + 8.61 -0.354 0.725

At enrolment 56.73 £7.52 58.15 + 8.60 -0.631 0.531

At OGTT 62.75 £ 7.68 63.88 £ 7.68 -0.532 0.597

At delivery 65.73 £ 9.21 68.98 + 7.99 -1.415 0.163
BMI/(kg/m*)"

Pregravid 21.83 £2.29 21.85+2.45 -0.032 0.974

At enrolment 22.45 +2.34 22.66 + 2.47 -0.321 0.749

At OGTT 24.83 £2.28 24.88 + 1.89 -0.098 0.923

At delivery 25.97 £ 2.80 26.96 + 2.04 -1.502 0.139
OGTT glucose value/(mmol/L)"

Fasting 4.63 £ 0.47 4.21+0.21 4.427 <0.001

1h 9.89 + 1.64 6.72 + 1.22 8.509 <0.001

2h 9.05 + 1.31 5.99 +0.93 10.456 <0.001

HbA1c/%" 5.11 £0.27 4.50 £ 0.23 9.355 <0.001

Multiparous *’ 11 (37.9) 12 (44.4) 0.050 0.823

Cesarean section *’ 13 (44.8) 11 (40.7) 0.001 0.969
Neonatal

Male » 12 (41.4) 18 (66.7) 2.650 0.104

Birth weight/kg" 3.18 +0.39 3.15+0.44 0.240 0.811

D¢ test, test statistics is £; 2 x° test, test statistics is Y*. GDM: gestational diabetes mellitus; NGT: normal glucose tolerance; OGTT: oral glu-

cose tolerance test; BMI: body mass index; HbAlc: hemoglobin Alc.

O U 5L 28 0 il A WA A4 rh &S I 3] hsa-miR-
1245b-3p. hsa—miR-520e-5p. hsa—let—7c-3p #I
hsa—let-7c—5p B3k .
2.4 miRNAs ¥BE E Tl & 1) gE = & 4547
KRS KRR W], I A M L, BE S ke
GDM {14 22 {3 76 4 9 7 19 1 3 Hh WA 44 h hsa—miR~
188—5p . hsa—miR-663a, hsa-miR—135a-5p #/l hsa-
miR-4707-5p () ik L% . &K F miRDB. Tarbase
8.0 Fll TargetScan 7.2 =A™ F 4 2 1 il iX 4 4~ miR-
NAs FRUHERE P, A 2 P4 Eicdha 126 RE 1] o Tt 21 g 2
FEN A5 SE 3BT, B0 45 5 27 hsa-miR-188~
Sp A 122 MM TER RS, hsa-miR-663a /7 311

TER R IE ] hsa—miR—135a—~5p A 507 /> V& 18 ) #
FA | hsa—miR—4707-5p A 55 ANV 7E B9 I3 R (&
4A) . R F 3R 4 4 miRNAs i 687 ™ #1 5& 5] #F17
KEGG {5538 i & 42 434 , ¥ 8 T IEJS P < 0.01
B AR AR 14 5555 % (3R 3) , Hih b &
A AL 3 1024 (1 4B) o 255 7R, miRNAs Ay
B L PN 5 R I 2215 5 18 I A I A G, L miR-
135a=5p F B KL (K IRS2 . PIK3R2 \AKT3 45 h i 5y %
FoF BT I OCHE A T (£ 4) . I miR-135a-5p
A A A R R S R AE T A GDM 1 & R &
FEEZAER(E5).
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A: Volcano plot of GSE94649, GSE21321, GSE98043, GSE148961 and GSE27645 microarray data. Red and blue spots represent differentially ex-

pressed miRNAs. Red represents up—regulated miRNAs and blue represents down-regulated miRNAs. B: Venn diagrams of up-regulated and down—

regulated miRNAs in GSE94649, GSE21321, GSE98043, GSE148961 and GSE27645 microarray data.
E1 Z=%RiEmiRNAs ALEEEE

Fig.1 Volcano maps of differentiate expression miRNAs and Venn diagrams of microarray data
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A: Under transmission electron microscope, the exosome had a
characteristic morphology with central depression. B: The results of
Western blotting showed that exosome specific markers TGS101 and
CD63 were positive. C: NTA analysis showed that exosomes were about
145.9nm in diameter.
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Fig. 2 Characteristics of plasma exosomes

&2 miRNA XK EERT-PCR3|Y)
Table 2 Primer sequence for RT-PCR

miRNAs Forward primer (5°-3")
hsa-miR-188-5p  CATCCCTTGCATGGTGGAG
hsa-miR-663a AGGCGGGGCGCCGCGGGACCGE
hsa-miR-320c¢ AAAAGCTGGGTTGAGAGGGT
hsa-miR-320d AAAAGCTGGGTTGAGAGGA
hsa-miR-135a-5p CCCTATGGCTTTTTATTCCTATGTG
hsa-miR-1245b-3p CCTCAGATGATCTAAAGGCCTATA
hsa-miR-520e~5p CTCAAGATGGAAGCAGTTTCTG
hsa-miR-520e-3p AAAGTGCTTCCTTTTTGAGGG
hsa-miR-3135b ~ TATTGGAGCGAGTGCAGTGGT
hsa-miR-4707-5p TATTTCGGCGCGGGCGGGTTCT
CTGTACAACCTTCTAGCTTTCC
TGAGGTAGTAGGTTGTATGGTT

hsa-let=7¢-3p
hsa—let-7¢-5p

Universal anti—sense was used for reverse primer.

2.5  ShipE miRNAs 7k F 5 in #% i B B9 48 < 1
LU A miRNAs K16 B8 5 A ZH B A1 OGTT
FF %) 0B 1l B 7K S AT AR OGP A3 B o 45 AR WK
miR-188-5p Fll miR-663a 43 5| 5 A 2H i} (1) H ol =
fik /K-S AKX Z (P < 0.05),miR-188-5p .miR—
663a Fl miR-4707-5p 5371 5 OGTT 45 Hif [A] £ () 1l b
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Relative levels of plasma exosomal miRNAs (2722%) in GDM group (n=30) and NGT group (n=30). 1) P < 0.001; 2) P < 0.05.
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Fig. 3 Relative levels of plasma exosome miRNAs in early pregnant women
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A: Target genes of miR-135a~5p, miR-4707-5p, miR-663a and miR-188-5p. TargetScan7.2, miRDB and Tarbase8.0 were used to predict poten-

tial targets of miRNAs. Target gene that can be predicted by any two of three databases above was included in the analysis; B: KEGG analysis for the po-

tential targets of miR—135a-5p, miR-4707-5p, miR—663a and miR—188-5p.
4 miRNAsHJEEEETM R KEGG B &7 17

Fig.4 Target gene prediction and KEGG enrichment analysis of miRNAs

JKFFTHDACT S IEAHR IR (P <0.05; % 5,K6).
2.6 Mk miRNA X GDM fy 2 HA T i 3 BE 52
N PEAR 1L 3% AN IR miRNA XF GDM 1) 5 14 7l
MzgcRe , JATHEAT T ROC I 431, 45 5 7R, hsa—
miR-188-5p XJ )i 1) i1 £& ' M # (the area under the
ROC curve, AUC) S~ 0.723 (95%CI, 0.593~0.854;

P = 0.003) , hsa—miR-663a % Ji ] AUC 24 0.790
(95%ClI, 0.664~0.918; P < 0.001) , hsa—miR-135a—
Sp X} R ) AUC M 0.656 (95%CI, 0.514~0.796; P =
0.038) , hsa—miR-4707-5p *f L () AUC &y 0.727
(95%C1, 0.581~0.875;P = 0.002) . & JH logistic [A]
E 7 A4 FE JL T hsa—miR-188-5p . hsa-miR—663a .,



55310 AR, A MK AN AR miRNAs 5 I URIIE DR Y 6 2 387
R3 KEGGCEENHHER
Table 3 Results of KEGG analysis.
1D Term P Value P.adjust Count
hsa04140 Autophagy — animal 1.68E-05 0.00271 17
hsa05418 Fluid shear stress and atherosclerosis 2.04E-05 0.00271 17
hsa05135 Yersinia infection 6.32E-05 0.00402 16
hsa04022 c¢GMP-PKG signaling pathway 6.50E-05 0.00402 18
hsa04012 ErbB signaling pathway 8.47E-05 0.00402 12
hsa05205 Proteoglycans in cancer 0.000106 0.00402 20
hsa04550 Signaling pathways regulating pluripotency of stem cells 0.000106 0.00402 16
hsa04929 GnRH secretion 0.000140 0.00462 10
hsa04360 Axon guidance 0.000197 0.00498 18
hsa04024 cAMP signaling pathway 0.000216 0.00498 20
hsa04910 Insulin signaling pathway 0.000222 0.00498 15
hsa04931 Insulin resistance 0.000227 0.00498 13
hsa04810 Regulation of actin cytoskeleton 0.000244 0.00498 20
hsa04390 Hippo signaling pathway 0.000316 0.00598 16

KEGG: kyoto encyclopedia of genes and genomes

*4 SEBERZFESEEI mIRNAs EEE

Table 4 Target genes of miRNAs participating in insulin signaling pathways

miRNA Targets in the insulin signaling pathway
hsa—miR-135a-5p IRS2 insulin receptor substrate 2

PIK3R2 phosphoinositide—3—kinase regulatory subunit 2

AKT3 AKT serine/threonine kinase 3

GSK3B glycogen synthase kinase 3 beta

PPPICC protein phosphatase 1 catalytic subunit gamma

CALMLA4 calmodulin like 4

PDE3B phosphodiesterase 3B

CBLB Cbl proto—oncogene B

FOX01 forkhead box O1

RPS6KB1 ribosomal protein S6 kinase B1

PTPRF protein tyrosine phosphatase receptor type F

MAPKI0 mitogen—activated protein kinase 10
hsa-miR-188-5p IRS4 insulin receptor substrate 4

CRKL CRK like proto—oncogene, adaptor protein
hsa-miR-4707-5p SHC3 SHC adaptor protein 3

hsa—miR—-663a —

hsa—miR—-135a-5p Fl hsa—miR-4707-5p FJEE-S T
B ROC #2820 M 45 3 8 /R, 41> miRNAs A
B Xk I 1) AUC 4 0.839 (95%CI, 0.724~0.954; P <
0.001; & 7) , H R 54 0.833, FE 5144 0.833,

3 W #k

AT ST B AE -4 Y00 G O SO P s 1
TE AP ARIC ) I 5 LR ORUIBE DR A9 14 5%
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(D ~ @ Targets of miR-135a-5p
A: The products of miR—135a—5p targeted genes IRS2, PIK3R2, AKT3, FOXO03 in insulin signaling pathway; B: The 3’ UTR sequences of targets
predicted to miR—135a-5p were aligned. Seed region of miR—-135a=5p is shown in blue, the binding site of target genes are shown in red.
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Fig. 5 The target genes of miR—135a—5p in insulin signaling pathway
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Table 5 The Correlation between exosomal miRNAs and blood glucose and lipid

miR-188-5p miR-663a miR-135a-5p miR-4707-5p
T P r P r P r P

Correlation data at enrolment

Weight 0.004 0.976 0.147 0.292 -0.218 0.116 0.148 0.290
BMI 0.062 0.662 0.213 0.129 -0.298 0.032 0.196 0.164
TG 0.497 <0.001 0.346 0.008 -0.056 0.675 0.247 0.062
CHOL 0.180 0.176 0.147 0.270 0.132 0.324 0.132 0.324
HDL -0.045 0.739 -0.102 0.448 0.205 0.123 -0.130 0.332
LDL 0.183 0.169 0.222 0.094 0.034 0.801 0.210 0.113
FPG -0.141 0.284 -0.075 0.570 -0.075 0.570 -0.061 0.643
Correlation data at OGTT
Weight 0.018 0.897 0.158 0.259 -0.166 0.234 0.177 0.205
BMI 0.106 0.453 0.260 0.063 -0.253 0.070 0.265 0.058
TG 0.243 0.062 0.180 0.169 -0.034 0.796 0.096 0.466
CHOL 0.042 0.752 -0.015 0.907 0.057 0.666 0.078 0.555
HDL -0.107 0.416 -0.231 0.075 0.106 0.422 -0.185 0.158
LDL -0.007 0.955 0.011 0.935 0.023 0.864 0.097 0.459
FPG 0.352 0.006 0.418 0.001 -0.084 0.522 0.365 0.004
OGTT-1h 0.290 0.024 0.284 0.028 0.240 0.065 0.423 0.001
OGTT-2h 0.484 <0.001 0.355 0.005 0.249 0.055 0.421 0.001
HbAlc 0.354 0.006 0.436 <0.001 0.206 0.114 0.436 <0.001

BMI: body mass index; TG: triglyceride; CHOL: cholesterol; HDL: high—density lipoprotein; LDL: low—density lipoprotein; FPG: fasting

plasma glucose; OGTT: oral glucose tolerance test; HbAlc: hemoglobin Alc.
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Scatter plots show the correlation between miRNAs and clinical indicators. Only data with P < 0.05 is shown.
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Fig. 6 Scatter plots of exosomal miRNA levels and clinical indicators
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ROC curve analysis of differential expression miRNAs in predicting GDM. A: miR-188-5p; B: miR-663a; C: miR—135a-5p; D: miR-4707-5p; E:
miRNA-based model was established with high predicted accuracy for GDM (AUC = 0.839) based on four candidate differentially expressed miRNAs.
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Fig.7 The predicted performance of miRNAs expression evaluated with ROC analysis
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