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Ultrastructure of ferroptosis and expression of ferroptosis-related ACSL4 and GPX4 genes

in placental trophoblasts of gestational diabetes mellitus
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[Abstract] Objective: To observe the ultrastructure of placental trophoblast cells of pregnant women with gestational diabetes
mellitus (GDM) , and to investigate the role of ferroptosis in the occurrence and development of GDM. Methods : Pregnant women who
delivered at the Changzhou Maternal and Child Health Hospital from September 2020 to December 2022 were enrolled and underwent
an oral glucose tolerance test at 24-28 weeks of gestation. Pregnant women diagnosed with GDM were selected as the research subjects
and divided into four groups: diet-controlled glucose satisfaction group(G1 group) , oral metformin-controlled glucose group(G2 group) ,
insulin-controlled glucose group (G3 group) , and unsatisfactory glucose control but refused to use medication group (G4 group) , each
with 30 cases. Normal healthy pregnant women were included as the control group (N group). The ultrastructure of placental
trophoblast cells in each group was observed by transmission electron microscopy. The placental iron deposition was detected by
Prussian blue staining. The localizations and expressions of Acyl-CoA synthetase long chain family member 4(ACSL4) and glutathione
peroxidase 4(GPX4) in the syncytiotrophoblast layer were detected by immunohistochemistry. The protein expressions and the mRNA
transcription levels of ACSL4 and GPX4 in the placenta were detected by Western blot and qRT-PCR,, respectively. Results: Under
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transmission electron microscopy, varying degrees of mitochondrial morphological changes were observed in the placentas of GDM
women in the G1, G2, G3, and G4 groups, with G1, G2, and G3 groups showing milder mitochondrial changes, and the G4 group
exhibiting typical ferroptosis with shrunken mitochondria. Prussian blue staining demonstrated iron particles in all five groups , with a
significant increase in iron particles in the G1, G2, G3, and G4 groups compared to the N group and a significant decrease in iron
particles in the G1,G2 and G3 groups compared to the G4 group. Western blot results showed an increase in ACSL4 protein expression
and a decrease in GPX4 protein expression in the placenta of G1,G2, G3, and G4 groups compared to the N group, while qRT-PCR
results showed no significant difference in ACSL4 and GPX4 mRNA transcription levels between the groups. Conclusion: Ferroptosis
exists in placental trophoblast cells of pregnant women with GDM, and it is correlated with the severity of the disease and medication.

Abnormal expression of ACSL4 and GPX4 in the placenta of GDM pregnant women. Metformin and insulin have a role in improving

ferroptosis of placental trophoblast cells.
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2hPG < 6.7 mmol/L. 5 PR E 4 il M K fig ik bk , AR
P 24 B D 28— FR U R R S 2R s o o
B o, 30 Bk 45 T 5 Mo ] R E A G1
4,30 1) —H XUIIEYT BN G241, 30 Bl (& 3R
I G3 4L, 30 18] a4 il AN R 4 FH 24 40
A G4 4, FAEHS 2= IR DEIE 30 ) 1E 8 224 1E 3
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1.2.8 qRT-PCR

v FH TRizol 17 & $- UG £E2H 2L 9 B RNA,
T 0L RN R TN E RNA (VR 4l . 38
1 % 6 % i PCR & 48 Ml SYBR Green i 7 £ 9E 47
qRT-PCR. 51 % J¥ ) 40 F : ACSL4, I Jif 5 -
ATACCTGGACTGGGACCGAA-3', F il 5" -TGCTG-
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x1 SHEZHAIGKERIELE

Table 1 Comparison of clinical data of pregnant women in five groups (x£s)

Variables N(n=30) G1(n=30) G2(n=30) G3(n=30) G4(n=30) F P
Age(years) 30.47 £ 4.05 33.03+3.97 32.30 +3.62 31.17+4.20 3240+452 1926 0.109
Gestational age(weeks) 38.80 + 0.67 38.73 £ 0.57 39.06 + 0.82 38.68 + 0.58 38.65+0.73  1.751  0.142
Gravidity 243+ 1.10 247+1.20 220+ 1.03 2.53+1.38 277+1.28  0.857 0492
Parity 1.77 £ 0.68 1.63 £0.56 1.47 £ 0.63 1.53£0.78 1.80£0.61 1456 0219
BMI before pregancy (kg/m®) 22.05+2.20 23.58 +3.72 2494 +2.88°%  2526+222%  23.11+£342  6.050 <0.001
Weight gain during pregnancy(kg)  13.95 +2.98 1233 +5.18 12.16 +4.97 12.01 +3.03 15.07+5.87  2.761" 0.034
Newborn birth weight(g) 335333 +254.60" 3373.67 + 157.67" 3 634.67 +550.52 3 496.33 + 492.62 3 653.67 + 386.87 5.827* < 0.001
Asphyxia neonatorum cases 0 0 0 0 0 - -

Compared with N group, P < 0.05; compared with G1 group, “P < 0.05; compared with G3 group, P < 0.05; compared with G4 group, “P < 0.05.
a: Welch method.

LP: low power lens(x10 000) ; HP : high power lens(x20 000) ; blue arrows mark mitochondria.
1 TEM T 5AREBMEEE

Figure 1 Ultrastructure of placenta in five groups under TEM
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2 SERRBEELTIERE(x200)

Figure 2 Prussian blue stain in placenta of five groups (x200)
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ko ACSLAFENHEPBATE(-) , 75 Gl HE 5 BHME (K3),
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Figure 3 Expression of ACSL4 and GPX4 in placenta of five groups by immunohistochemistry (x100)
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ACSL4 GPX4

The expression of ACSL4 and GPX4 in placenta of five groups were detected by Western blot. P < 0.05,”P < 0.01,” P < 0.001(n=30).
4 S54ERRE ACSL4.GPX4 BHFRIAKF
Figure 4 Expression of ACSL4 and GPX4 in placenta of five groups
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A:Relative mRNA level of ACSL4 in each group. B:Relative mRNA level of GPX4 in each group(n=30).
5 SHHBAE ACSL4.GPX4 5 R KT
Figure 5 mRNA level of ACSL4 and GPX4 in placenta of five groups
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