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Abstract

Objective: Women with poorly controlled type 1diabetes often suffer from a series of
reproductive problems such as miscarriage, neonatal morbidity and mortality, and
congenital malformations. Maternal hyperglycemia has been shown to adversely af-
fect progression from a one-cell to a blastocyst stage in rodent models. Emerging evi-
dence has implicated that these effects are associated with compromised oocyte matu-
ration. Whether islet transplantation could reverse the effects of diabetes on mouse
oocytes maturation and whether stem cell therapy could reduce the effects of immu-
nosuppressants on mouse oocyte maturation remain further systematically investi-
gated. To address those issues, we first investigated the effects of diabetes on mouse
oocyte maturation and tried to explore its possible mechanism based on previous stu-
dies; second we carried out a innovation research to compare the effects of islet trans-
plantation on diabetic mouse oocyte maturation with insulin treatment; and finally di-
rect at the side-effects of immunosuppressants on oocyte and embryo maturation, we
investigated the efficacy of iPS-MSC-based therapy in reversion of comprised oocyte
maturation caused by hyperglycemia and immunosuppressants in diabetes.

Materials and methods: (1) We have utilized a streptozotocin-induced diabetic

mouse model to examine the effect of maternal diabetes on nuclear maturation, cytop-
lasmic maturation and parthenogenetic embryo development of mouse oocytes. (2) In
order to investigate whether islet transplantation could reverse the effects of diabetes
on mouse oocyte maturation, a number of oocyte maturity indexes were investigated
using islet syngraft, and we compared the therapeutic effect of islet transplantation
with insulin treatment. (3) iPS-MSCs were tested for their phenotypes. Adipogenesis,
osteogenesis and endothelial-cells differentiation of iPSC-MSCs were carried out. (4)
To elucidate whether iPSC-MSCs alone, or in combination with short-term Rapa
treatment, could reverse diabetes, we used islet allograft to explore their effects on
graft survival and further investigated the possible molecular mechanisms underlying
the immunomodulatory properties of iPSC-MSCs.

Results: (1) Diabetic mice ovulated about one half as many ova as controls. We

also found that a high frequency of spindle defects and chromosome misalignment, a



significant increase in the incidence of hyperploidy, a higher relative expression of
Mad2 and Bub1 and a higher rates for blastocyst formation were observed in ovulated
MII oocytes from diabetic mice, compared to the control MII oocytes. (2) our results
suggested islet transplantation could reverse effects of maternal diabetes on oocytes
maturity indexes, while insulin treatment could not. (3) P18 iPS-MSCs displayed a
typical spindle fibroblast-like pattern. Flow cytometry analysis revealed the iPS-
MSCs were positive for CD73, CD90, and CD105 and negative for CD45, CD34 and
CD14 surface molecules. P18 iPSC-MSCs could differentiate to osteoblasts, adipo-
cytes, and endothelial cells in vitro. (4) Our results showed that iPSC-MSCs treatment
alone had no significant effect on allograft survival of islet grafts. However, iPS-
MSCs combined with short-term Rapa significantly prolonged graft survival, even
achieved tolerance. The proliferation of T lymphocyte isolated from spleen of combi-
nation group was suppressed significantly in vitro. Though examing cytokines in pro-
tein and gene levels, we noticed the expression of Thl and Th17 cytokines were inhi-
bited while the expression of Th2 and Treg cytokines were enhanced. Our results sug-
gested that iPS-MSCs combined with short-term Rapa regulated Thl/Th2 and
Th17/Treg cells balance.

Conclusion: Our results revealed that maternal diabetes induced compromised
nuclear maturation, cytoplasmic maturation and parthenogenetic embryo development
of mouse oocytes and its mechanism may be the regulation of the spindle checkpoint
Mad?2 and Bubl mRNA expression; we confirmed for the first time that islet trans-
plantation prevented prevent these detrimental effects and was better than insulin
treatment in therapeutic effect. Besides, our results indicated that iPSC-MSCs infu-
sion synergized with low-dose immunosuppressants in inducing long-term islet graft
acceptance through reciprocal regulation of Th1/Th2 and Th17/Treg cells. Our results
indicated that these cells allow safe minimization of maintenance pharmacological
antirejection therapy and thus reduced the effects of immunosuppressants on oocyte
maturation. It is concluded that islet transplantation combined with stem cell therapy
is an effective method to avoid the reproductive damages for women with diabetes
mellitus.

Keywords: oocyte; islet transplantation; iPSC-MSCs.
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26271 G REZH M ) 56 42 K B R B AR S 5 I i F P AT . BB S 1
S, THRESE, WgiEdR . B UBURL AN M B 2Rk, 38T R0 B RE 40 A 0 T
B, SRR 22 EHE K B O BEAE T S SR . RIIRIG AR . SEIRGERE . IR
K B B 2 BN A LR Z B sgma s 2 Rk, PR STREAARE R T O BE
20 5T PR S A AT R T FRAT TR N T AR s 0 L A B S (P IR U

GVBD A[ 1y UF BESH AL 24 [ —MAric . Diamond 4555 — KR 88 25 HE G
KBRS RORE RS /N B, GVBD R, Bl SCA VR 2 ARG FOIESE 71X — e
BN, A A3 R0 0 PR N BT O A R DR BEAH I 2 5 K Ccumulus-
oocytes complexes, COCs) AN K BAME, BT RAIELR . BRI /N
B U BEH AR5 5 HE O JE AR M 3 ML H25 . /0 HICH0E 3 BA 461 27 0T O REZH )k
B0y 2L 00 A2t B I VR 2 b B OSSR A S0 BRI, BN
HEZHAH LG, 8 R /N B ON REZH 5 B Fr 48 PR P 48 PR ] 7 PRS2, 3 BRI B i%E
BB Cx26 il Cx43 KA B EREK. 4k, Cx37 & —FEZRE T U
TR BRI AR Y, FLAENE PR P BRI A P ) SR R PR 9, RS
COCs 5 —[AIBIER FHIT R H ML T, 48R/ RO R4 GVBD B35 #UE
AR, RO R K B OV ) B3 e 5 6 ST AR a3 O B L R A BRItk
() B4 B B RIS B ARG, AR T e W s O BEAH R K & 2 8 S A

4k, BEPRIR R COCs FIGRREANMIH 35 R BRI AT . PEPA AT cAMP AR
FabidE-CoA WA, BATRN IR ZIEL AN AMP W& 10 & FIEE 13452
30253739 PRI K BRIE S HEHS B O RESHIARL. MO S5 SR A BB COCs LA
FARAMEE COCs FRTFIAR Z E2 (Prostaglandin E2, PGE-2) ik RHL>4,
TX LA A g S PRI 3040 O R 4 DR 2 T S A



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn



