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This study aims to investigate the effect of angiopoietin like 8 (ANGPTL8) on gestational diabetes mellitus (GDM) and insulin resistance (IR). The GDM model was induced by high fat diet in mice, and IR was observed. The expression and secretion of ANGPTL8 were promoted in placenta of GDM mice. IR was induced in trophoblast cell HTR-8/SVneo by treatment of high concentration of insulin, and the expression levels of ANGPTL8 were increased. Silencing of ANGPTL8 alleviated IR and decreased glucose uptake in HTR-8/SVneo cells. However, the inflammation and oxidative stress in IR cells were not restrained by ANGPTL8 knockdown. In addition, c-Jun N-terminal kinase (JNK) signaling was activated by IR, which was inhibited by silencing of ANGPTL8. The effect of ANGPTL8 knockdown on IR was attenuated by JNK antagonist, and aggravated by JNK agonist, suggesting that ANGPTL8 affected IR by regulating JNK signaling. In conclusion, we demonstrated that the silencing of ANGPTL8 ameliorated IR by inhibiting JNK signaling in trophoblast cells. These findings may provide novel insights for diagnosis and treatment of GDM in clinic.
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Introduction

Gestational diabetes mellitus (GDM) is the most common metabolic disorder of pregnancy, defined as “the type of glucose intolerance that develops in the second and third trimester of pregnancy, resulting in hyperglycemia of variable severity” (1, 2). GDM is an increasing risk factor for severe pregnancy complications for both mother and child, including cesarean delivery, shoulder dystocia, macrosomia and neonatal hypoglycemia (3, 4). Women with GDM also have an increasing risk factor to develop type 2 diabetes mellitus (T2DM) and cardiovascular disease after pregnancy, and their offspring are at increasing risk for the development of obesity and T2DM in later life (5). The etiology of GDM remains unclear. However, pancreatic β-cell secretory impairment and insulin resistance (IR) are pivotal during pathogenesis of GDM (1).

IR is an impaired response to insulin that characterizes normal pregnancy. Physiologic IR results in increased insulin secretion. Women with GDM are unable to increase insulin production to compensate for the increased IR (6, 7). Pancreatic β-cell deterioration-induced IR and relative insulin deficiency are the primary metabolic changes in GDM. As β-cell function further declines, hyperglycemia becomes more severe. In addition, gluconeogenesis is increased as a result of IR and insulin deficiency. As a consequence, hyperglycemia is worsened (7). IR and insulin deficiency are often considered as therapeutic targets for GDM.

The expression of multiple genes involved in glucose and lipid metabolism are dysregulated in GDM. Angiopoietin like 8 (ANGPTL8) is a secretory protein, highly expressed in liver and fat, and it is involved in lipid metabolism (8, 9). ANGPTL8 has been reported to be increased in high fat diet (HFD)-induced diabetic mice, and the overexpression of ANGPTL8 alleviated hyperlipemia, glucose tolerance, IR and inflammation in diabetic mice (10). However, in another report, authors found that ANGPTL8 was highly expressed in omental fat of obese individuals with fatty and IR, and antisense oligonucleotide against Angptl8 prevented hepatic IR in high-fat-fed rats (11). These studies suggested that the roles of ANGPTL8 in diabetes and IR remain uncertain. Its effect on GDM has not been investigated. Recently, ANGPTL8 was found higher in serum of women with GDM, compared with normal pregnancies (12), suggesting that ANGPTL8 may be involved in development of GDM.

In this study, we induced a GDM model via high fat diet (HFD) in mice. The effect of ANGPTL8 on GDM and IR was investigated.



Material and Methods


Animal Model

Healthy C57BL/6J male and female mice were kept in controlled environment (12 h/12 h light/dark cycles, 22 ± 1°C) with free access to food and water. After accommodation for one week, the female mice were randomly divided into two groups: HFD and normal fat diet (NFD). The mice in NFD group were fed with mouse standard chow purchased HUANYU BIO (Henan, China) including protein ≥18%, fat ≥4%, fiber ≤5%, ash ≤8%, carbohydrate ≤36%, calcium 1.0-1.8%, phosphorus 0.6-1.2%, and essential amino acid, vitamin and microelement. High fat chow was mixed with 15% lard oil, 10% yelk, 10% sugar and 65% standard chow. After dietary intervention for one week, breeding was conducted overnight in a 1:2 ratio; mating was confirmed by presence of a vagina mucous plug in the following morning, which represented gestation day (GD) 0.5. Oral glucose tolerance test (OGTT) was performed at GD0.5, 11.5 and 16.5. The weight of female mice was measured at GD0.5, 6.5, 12.5 and 18.5. The female mice were sacrificed at GD18.5, and the blood and placenta tissues were collected for subsequent detections.

The taken care of and conduct were line with Guide for the Care and Use of Laboratory Animals (8th, NIH), and the experimental procedure was approved by Ethical Committee of Shengjing Hospital of China Medical University.



OGTT

After fasting overnight, the blood glucose of mice was detected. Then the mice were underwent gavage of glucose solution with 2 g/kg (400 mg/ml), and the blood glucose was determined after gavage for 30, 60 and 90 min.



Homeostasis Model Assessment-Insulin Resistance (HOMA-IR)

After fasting overnight, the blood insulin was detected using an ELISA kit (USCN, Wuhan, Hubei, China) according to the manufacturer’s protocol. The serum was incubated with reagent A in ELISA plate well at 37°C for 1 h. Then the solution was removed, and reagent B was added to incubate for 30 min. After solution movement, TMB reagent was added into wells to react in the dark. About 10-20 minutes later, the reaction was stopped with stopping buffer. OD450 was determined with a microplate reader, and the insulin concentration was calculated according to the standard curve. The HOMA-IR value was calculated as follow:

HOMA-IR= blood glucose (mM)×blood insulin (mU/l)/22.5



Detection of Lipid and Lipoprotein

The content of triglyceride (TG), total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C) in the serum was determined by kits (Jiancheng, Nanjing, Jiangsu, China) according to the manufacturer’s protocol.



HE Staining

HE staining was performed to detect the histological changes in labyrinth zone of placenta tissue. The tissue was fixed with 4% paraformaldehyde overnight. After washing with flow water for 4 h, the tissue was dehydrated with grading concentration of ethanol (70% for 2 h, 80% overnight, 90% for 2 h and 100% for 1 h twice) and xylene for 30 min. Then the tissue was embedded with paraffin at 60°C for 2 h, and the paraffin mass was cut into sections of 5 μm, which were underwent deparaffinization with xylene for 15 min twice,  100% ethanol for 5 min twice, and 95%, 85%, 75% ethanol for 2 min, respectively. The sections were stained with hematoxylin (Solarbio, Beijing, China) for 5 min, soaked with 1% hydrochloric acid/ethanol for several seconds, and counterstained with eosin (Sangon, Shanghai, China) for 3 min. Finally, the sections were dehydrated again with grading concentration of ethanol (75% for 2 min, 85% for 2 min, 95% for 2 min, 100% for 5 min twice) and xylene (for 10 min twice), mounted with gum and observed with a microscope (Olympus, Tokyo, Japan) at 200× magnification.



Periodic Acid Schiff (PAS) Staining

PAS staining was used for detection of glycogen content in labyrinth zone of placenta tissue. The tissue was made into paraffin sections as previous description, and deparaffinization was performed with xylene and ethanol. The sections were incubated with periodic acid solution (Leagene, Beijing, China) for 10 min, washed with water for 5 min, stained with schiff buffer (Leagene) for 15 min, washed with water for 5 min, and countered with hematoxylin for 2 min. After dehydration with ethanol and xylene, the sections were mounted with gum and photographed with a microscope at 200× magnification.



Real-Time PCR

The total RNA was extracted with RNApure extraction kit (BioTeke, Beijing, China), and the concentration was measured with NANO 2000 ultraviolet spectrophotometer (Thermo Scientific, Waltham, MA, USA). The RNA was reversely transcribed into cDNA with M-MLV reverse transcription (TAKARA, Japan) with Oligo(dT) and random primer. The instruments and reagents used in reverse transcription were RNase-free. The cDNA was used for real-time PCR with Taq HS Perfect Mix (TAKARA) and SYBR Green (BioTeke) to detect the mRNA levels of ANGPTL8, tumor necrosis factor-α (TNF-α), interleukin (IL)-1β and IL-6. β-actin served as the internal control. The PCR procedure was set as follow: 94°C for 5 min 20 s, 60°C for 30 s, 72°C for 40 s, and 40 cycles of 72°C for 5 min 30 s, 40°C for 4 min 30 s, melting 60-90°C every 1°C for 1 s, and incubated at 25°C for several minutes. The PCR ran in Exicycler TM96 quantitative thermal block. The data were calculated using 2-ΔΔCt method. The primers were purchased from Genscript (Nanjing, Jiangsu, China), and the information was shown in Table 1.


Table 1 | The information of primers in this study.





Western Blot

The protein was extracted with RIPA lysis buffer (Beyotime, Haimen, Jiangsu, China) on ice, and the concentration was determined with BCA protein concentration kit according to the manufacturer’s protocol. After denaturation in boiling for 5 min, equal amount of protein was separated with SDS-PAGE, and the concentration of polyacrylamide gel varied from 5% to 12% according to the protein size. After electrophoresis for about 2.5 h, the protein was transferred onto PVDF membrane (Thermo Scientific). After blocking with skim milk at room temperature for 1 h, the membrane was incubated with one of the following antibodies at 4°C overnight: rabbit anti-ANGPTL8 (1:1000; cat. no. A18133, ABclonal, Wuhan, Hubei, China), rabbit anti-insulin receptor β (IRβ) (1:1000; cat. no. AF6099, Affinity, Changzhou, Jiangsu, China), rabbit anti-p-IRβ(Tyr1361) (1:1000; cat. no. AF3099, Affinity), rabbit anti-insulin receptor substrate-1 (IRS-1) (1:1000; cat. no. AF6273, Affinity), rabbit anti-p-IRS-1(Ser307) (1:1000; cat. no. AF3272, Affinity), rabbit anti-p-IRS1(Tyr895) (1:1000; cat. no. 3070, CST, Boston, MA, USA), rabbit anti-Akt (1:1000; cat. no. 4685, CST), rabbit anti-p-Akt(Ser473) (1:1000; cat. no. 4060, CST), rabbit anti-glucose transporter (GLUT)1 (1:1000; cat. no. AF0173, Affinity), mouse anti-GLUT4 (1:1000; cat. no. BF1001, Affinity), rabbit anti-Rho associated coiled-coil containing protein kinase (ROCK)I (1:2000; cat. no. 21850-1-AP, Proteintech, Wuhan, Hubei, China), rabbit anti-ROCKII (1:2000; cat. no. 21645-1-AP, Proteintech), rabbit anti-MYPT1 (1:1000; cat. no. AF5444, Affinity), rabbit anti-p-MYTP1(Thr853) (1:1000; cat. no. AF5445, Affinity), rabbit anti-c-Jun N-terminal kinase (JNK) (1:500; cat. no. AF6318, Affinity), rabbit anti-p-JNK(Thr183/Tyr185) (1:500; cat. no. AF3318, Affinity) and mouse anti-β-actin (1:2000; cat. no. 60008-1-Ig, Proteintech). After rinsing with TBST, the membrane was incubated with goat anti-mouse or rabbit secondary labeled with HRP (1:10000; Proteintech) at 37°C for 40 min. Finally, the membrane was reacted with ECL reagent for 5 min, followed with signal exposure in the dark. The optical density of the bands was analyzed with Gel-Pro-Analyzer software. β-actin served as the internal control.



Cell Culture and Treatment

Immortalized human chorionic trophoblast line HTR-8/SVneo was purchased from Procell (Wuhan, Hubei, China), and cultured in RPMI-1640 medium supplemented with 5% fetal bovine serum (FBS) (Biological industries, Kibbutz Beit-Haemek, Israel) at 37°C with 5% CO2.

The transfection was performed using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) with serum-free medium.

The cells were incubated with insulin (Solarbio) of 10-6 mol/l for 48 h to induce IR, and insulin of 10-7 mol/l was used to stimulate cells to verify the IR.

JNK signaling agonist Anisomycin (1 μg/ml) (Yuanye, Shanghai, China) and antagonist SP600125 (20 μM) (Aladdin, Shanghai, China) was used to treat cells for 30 min to activate or inactivate the JNK signaling.



Immunofluorescent Staining

Immunofluorescent staining was used to detect the expression and distribution of GLUT1 and GLUT4. The cells were pre-seeded on glass slides, and fixed with 4% paraformaldehyde for 15 min. After washing with PBS to remove the residual paraformaldehyde, the cells were permeated with 0.1% TritonX-100 for 30 min to permeate cytomembrane. Then the cells were blocked with goat serum at room temperature for 15 min to block the non-specific antigens, and incubated with antibody against GLUT1 or GLUT4 (1:200; cat. no. AF0173, BF1001, Affinity) at 4°C overnight. After washing with PBS, the cells were incubated with Cy3-labeled secondary body for 60 min in the dark, and incubated with DAPI (Aladdin) to stain nuclei. Finally, the cells were mounted with anti-fading reagent, and photographed with a fluorescence microscope (Olympus) at 400× magnificance.



ELISA

The ANGPTL8 content in serum was detected with an ELISA kit (USCN) according to manufacturer’s protocol. First, the serum sample or cell supernatant was incubated in the ELISA plate well at 37°C for 1 h. Then the solution was removed, and reagent A was added into the ELISA plate well to incubate for 1 h. Subsequently, the well was washed with washing buffer, and incubated with reagent B for 1 h. Finally, TMB substrate solution was added into the well to react for 20 min in the dark, and OD450 was measured. The concentration was calculated according to standard curve.

The content of inflammatory factors, TNF-α, IL-1β and IL-6 in serum were determined with ELISA kits (USCN) according to the manufacturer’s introductions. The detail steps were similar to above description.



Detection of Reactive Oxygen Species (ROS)

The content of ROS in cells was detected with an ROS assay kit (Beyotime). The cells were collected and washed with PBS. The cells were incubated with DCFH-DA solution (1:1000 diluted with serum-free medium) at 37°C for 20 min, and the reaction system was mixed upside-down every 3 min. Then the cells were washed with PBS to remove the free DCFH-DA, and fluorescence was detected by flow cytometer (ACEA, San Diego, USA).



Detection of Superoxide Dismutase (SOD) Activity

The SOD activity in the cells was detected by kit (Jiancheng) according to the manufacturer’s protocol. The cells were lysed with ultrasound, and the total protein was extracted. The protein concentration was determined with BCA kit, and standard curve was drawn. The protein sample was incubated with color developing agent, and OD550 was measured.

SOD activity (U/mgprot) = ((contro OD550 - sample OD550)/control OD550)/50% × (volume of reaction solution (ml)/sample volume (ml)/protein sample volume (ml))



Statistical Analysis

The data in this study were present as mean ± SD in six (in vivo) or three individuals (in vitro). The data from animal experiments were analyzed with Student’s t test, and data from cell experiments were analyzed with one-way or two-way analysis of variance followed with Bonferroni post-hoc test. A p value less than 0.05 was considered as statistically significant (*p<0.05, **p<0.01, ***p<0.001, ns, no significance).




Results


ANGPTL8 Was Increased in Serum and Placenta Tissues of GDM Mice

GDM was induced by HFD in mice, and the treatments were described in the Figure 1A. HFD induced more significant weight gain than NFD during pregnancy (Figure 1B). Figure 1C revealed that HFD led to glucose tolerance at GD11.5 and GD16.5. The fasting blood glucose and insulin levels were detected at GD18.5. The results showed that HFD caused significant elevation of fasting blood and insulin levels and HOMA-IR index in pregnant mice (Figures 1D–F). In addition, the content of triglyceride, cholesterol and low density lipoprotein in serum was increased and that of high density lipoprotein was decreased in HFD mice (Figure 1G).




Figure 1 | Angiopoietin like-8 (ANGPTL8) was increased in serum and placenta tissues of gestational diabetes mellitus (GDM) mice. (A) The mice were treated as described in the chart. (B) The body weight of mice in normal fat diet (NFD) and high fat diet (HFD) groups. (C) Oral glucose tolerance test (OGTT) was performed at gestational day (GD)0.5, 11.5 and 16.5. (D, E) Fasting blood glucose and insulin levels were measured at GD18.5. (F) Homeostasis model assessment insulin resistance (HOMA-IR) was calculated as follow: HOMA-IR= blood glucose (mM)×blood insulin (mU/l)/22.5. (G) The contents of triglyceride (TG), total cholesterol (TC), high density lipoprotein (HDL-C) and low density lipoprotein (LDL-C) in serum were detected. (H) HE staining was performed to detect the pathological changes in labyrinth zone of placenta tissues. (I) Periodic acid Schiff (PAS) staining was carried out to detect the glycogen accumulation in labyrinth zone of placenta tissues. (J) Western blot was used to determine the levels of insulin signaling related molecules, p-IRβ(Tyr1361), IRβ, p-IRS-1(Ser307), p-IRS-1(Tyr896), IRS-1, p-Akt and Akt in placenta tissues. (K) The expression levels of glucose transporter 1 (GLUT1) and GLUT4 in placenta tissues. (L) The serum level of ANGPTL8 in mice. (M, N) The mRNA and protein levels of ANGPTL8 in placenta tissues. (the scale bar represents 100 μm; **p < 0.01, ***p < 0.001 vs. NFD).



Next, HE and PAS staining revealed that HFD induced inflammatory infiltration and glycogen accumulation in placenta tissues of pregnant mice (Figures 1H, I). Then insulin signaling-related molecules were detected. As shown in Figure 1J, the phosphorylation of IRβ(Tyr1361), IRS-1(Tyr896) and Akt was decreased, and that of IRS-1(Ser307) was increased in placenta of HFD mice, which suggested the deactivation of insulin signaling. However, the previous results showed higher blood insulin level in HFD. These results demonstrated the occurrence of IR in placenta of HFD mice. The expression level of a glucose transporter GLUT1 was increased, while that of another glucose transporter GLUT4 was decreased in placenta (Figure 1K). In addition, ANGPTL8 was detected. The results showed that the content of ANGTPL8 in serum was increased, and its mRNA and protein levels in placenta were also increased in HFD mice (Figures 1L–N).



Silencing of ANGPTL8 Inhibited IR in Trophoblast Cells

In order to investigate the role of ANGPTL8 in IR during pregnancy, IR was induced by high concentration of insulin treatment (10-6 mol/l) in HTR-8/SVneo cells. Western blot results showed that ANGPTL8 was increased in trophoblast cells with IR (Figure 2A). Then ANGPTL8 was silenced with interference RNAs, and ectopic expressed with overexpression plasmid. The effectiveness of knockdown or overexpression was confirmed with western blot (Figure 2B). To investigate the effect of ANGPTL8 on IR, glucose consumption was measured. As shown in Figure 2C, the treatment of high concentration of insulin induced obvious IR in trophoblast cells, which was significantly alleviated by ANGPTL8 knockdown. However, the effect of ANGPTL8 overexpression on IR was mild (Figure 2C). Thereafter, the insulin signaling was examined. As shown in Figures 2D, E, the insulin signaling was rapidly activated by physiological concentration of insulin (10-7 mol/l) in untreated cells, evidenced by increased levels of p-IRβ(Tyr1361), p-IRS-1(Tyr896) and p-Akt, and decreased level of p-IRS-1(Ser307). After IR induction, the cells did not respond to physiological concentration of insulin, and the levels of insulin signaling related molecules almost unchanged. The IR was effectively ameliorated in ANGPTL8-silenced cells, evidenced by the enhanced response to physiological concentration of insulin (Figure 2D). However, the overexpression of ANGPTL8 did not affect IR in trophoblast cells (Figure 2E). Immunofluorescent staining revealed that IR induced increase of GLUT1 and decrease of GLUT4, which was consistence with those results in vivo. After silencing of ANGPTL8, the expression of GLUT1 was reduced, and that of GLUT4 was elevated (Figures 2F, G), suggesting the enhanced glucose consumption.




Figure 2 | Silencing of ANGPTL8 inhibited IR in trophoblast cells. (A) The mRNA and protein levels of ANGPTL8 in HTR-8/SVneo cells with IR. (B) The expression levels of ANGTPL8 were detected by western blot after overexpression or knockdown of ANGPTL8 in HTR-8/SVneo cells. (C) The glucose consumption in HTR-8/SVneo cells with overexpression or silence of ANGPTL8 was measured. (D, E) The levels of insulin signal related molecules, p-IRβ(Tyr1361), IRβ, p-IRS-1(Ser307), p-IRS-1(Tyr896), IRS-1, p-Akt and Akt in HTR-8/SVneo cells with IR, overexpression or knockdown of ANGPTL8 or/and insulin stimulation. (F, G) Immunofluorescent staining was used to detect the expression and distribution of GLUT1 and GLUT4 in HTR-8/SVneo cells. (the scale bar represents 50 μm; *p < 0.05, ***p < 0.001, ns, no significance).





ANGPTL8 Activated JNK and ROCK Signaling

Since the important roles of JNK and ROCK signaling in diabetes mellitus, molecules in these two signaling pathways were detected. As shown in Figure 3, both JNK and ROCK signaling were activated in trophoblast cells with IR, evidenced by increased levels of p-JNK and p-MYPT1. The expression levels of ROCKI and ROCKII were also increased after IR induction, which may promote the activity of ROCK signaling (Figures 3C, D). After ANGPTL8 overexpression, the activity of JNK and ROCK was further increased, and it was declined after ANGPTL8 knockdown (Figures 3A–D). To explore the detail mechanism of ANGPTL8 function, a JNK signaling agonist Anisomycin and a JNK signaling antagonist SP600125 were used in trophoblast cells. As shown in Figure 3E, silencing of ANGPTL8 significantly restrained IR-induced glucose uptake obstruction. The effect of ANGPTL8 knockdown was attenuated by Anisomycin, but strengthened by SP600125 (Figure 3E). In addition, the insulin signaling was determined. As shown in Figure 3F, the mitigation effect of siANGPTL8 on IR was relieved by Anisomycin, but strengthened by SP600125, evidenced by the changes of insulin signaling related molecules. The results in this section suggested that silencing of ANGPTL8 restrained IR by inhibiting JNK signaling in trophoblast cells.




Figure 3 | ANGPTL8 activated JNK and ROCK signaling. (A, B) The levels of p-JNK and JNK in HTR-8/SVneo cells with IR, overexpression or silence of ANGPTL8 or/and insulin stimulation. (C, D) The levels of ROCK I, ROCK II, p-MYPT1 and MYPT1 in HTR-8/SVneo cells. (E) Glucose consumption was determined in HTR-8/SVneo cells with ANGPTL8 knockdown, JNK agonist Anisomycin (1 μg/ml) or JNK antagonist SP600125 (20 μM), and insulin stimulation. (F) The levels of insulin signaling related molecules were determined in HTR-8/SVneo cells. (*p < 0.05, **p < 0.01, ns. no significance).





Silencing of ANGPTL8 did not Ameliorate Inflammation and Oxidative Stress in HTR-8/SVneo Cells With IR

Inflammation and oxidative stress response in placenta play crucial roles in GDM, so inflammation and oxidative stress were detected in trophoblast cells after IR induction. From the data shown in Figure 4, we found that the expression and secretion of IL-1β, IL-6 and TNF-α were all increased in trophoblast cells with IR. The inflammatory response induced by IR was not attenuated by silencing of ANGPTL8 (Figures 4A, B). IR also led to ROS production and decrease of SOD activity, suggesting oxidative stress response. After silencing of ANGPTL8, the ROS content was further increased, and the SOD activity did not changed (Figures 4C, D). The results in this section suggested that ANGPTL8 knockdown did not alleviated inflammation and oxidative stress response in trophoblast cells with IR.




Figure 4 | Silencing of ANGPTL8 did not ameliorate inflammation and oxidative stress in HTR-8/SVneo cells with IR. (A) The levels of TNF-α, IL-1β and IL-6 in supernatant of HTR-8/SVneo cells with IR and ANGPTL8 knockdown. (B) The mRNA levels of TNF-α, IL-1β and IL-6 in HTR-8/SVneo cells with IR and ANGPTL8 knockdown. (C) ROS content in HTR-8/SVneo cells was measured with DCFH-DA staining. (D) The SOD activity in HTR-8/SVneo cells. (*p < 0.05, **p < 0.01, ***p < 0.001, ns, no significance).






Discussion

Insulin is synthesized and secreted in pancreatic β cells, which cooperates with glucagon to maintain plasma glucose homeostasis. Insulin signaling is initiated with insulin binding to the insulin receptor, which is internalized and phosphorylated. The phosphorylated insulin receptor activated IRS family of proteins, and PI3K/Akt signaling was subsequently activated (13, 14). Impaired insulin receptor activities lead to IR, the key factor in the pathology of metabolic disorders including diabetes (15).

During pregnancy, the mother’s body undergoes a series of physiological changes in order to support the demands of the growing fetus, and one important metabolic adaptation is insulin sensitivity. During early gestation, insulin sensitivity increases, promoting the uptake of glucose into adipose stores in preparation for the energy demands of later pregnancy (16). However, as pregnancy progresses, a surge of local and placenta hormones together promote a stage of IR (17). As a result, blood glucose is slightly elevated, and this glucose is readily transported across the placenta to fuel the growth of the fetus (18). In order to maintain glucose homeostasis, pregnant women compensate for these changes through hypertrophy and hyperplasia of pancreatic β cells, as well as increased glucose-stimulated insulin secretion (19). Moreover, the maternal insulin sensitivity returns to pre-pregnancy levels within a few days of delivery (20). For some reasons, the normal metabolic adaptations to pregnancy do not adequately occur in all pregnancies, resulting in GDM.

In our study, HFD induced GDM in pregnancy mice, shown as hyperglycemia, hyperinsulinemia, and pathological IR in placenta. The transcription, translation and secretion of ANGPTL8 were enhanced in GDM mice. At the same time, IR was induced in HTR-8/SVneo cells by treatment of high concentration of insulin (10-6 mol/l) in vitro, and the expression of ANGPTL8 was also increased. Silencing of ANGPTL8 significantly restrained IR in trophoblast cells, while the effect of ANGPTL8 overexpression on IR was negligible. We hypothesized that ANGPTL8 may be essential for IR, but it functioned independently of dosage. The roles of ANGPTL8 in T2DM are contradictory in previous reports (10, 11). We firstly investigated its role in GDM, and demonstrated that silencing of ANGPTL8 alleviated IR in trophoblast cells. However, its effect on GDM mice needs to be further studied by experiments in vivo.

Excess glycogen accumulation was found in placenta of GDM mice, suggesting abnormal glucose uptake and gluconeogenesis. At the same time, the expression of GLUT1 was increased, while that of GLUT4 was decreased in placenta. GLUT1 is highly expressed in placenta, and the glucose uptake in placenta is performed mainly via GLUT1. GLUT1 acts independently of insulin, and it is usually activated in placenta with IR (21). GLUT1 was reported highly expressed in placenta of women with GDM, especially those with macrosomia offspring (22). Macrosomia is a common complication of GDM, may be result from excessive uptake of glucose and lipid. We hypothesized that the increased expression of GLUT1 may lead to excess glucose uptake and gluconeogenesis in placenta. However, the expression of GLUT4 was decreased in GDM mice. GLUT4 was mainly expressed in fat and muscle. It is an insulin-responsive glucose transport (23). GLUT4 was low expressed in adipocytes of experimental diabetic rats with IR (24). It was also found to be decreased in placentas of women with GDM, and the decrease was most prominent in women receiving insulin (25). This may be result from inactivation of insulin signaling. In trophoblast cells with IR induction, the expression of GLUT1 was increased and that of GLUT4 was decreased. Moreover, the GLUT4 could not respond to insulin stimulation in cells with IR. These were similar with results in mice. However, the glucose uptake was reduced in IR cells, which was inconsistent with the excess glycogen accumulation in vivo. We hypothesized that GLUT4 may be more abundantly distributed in HTR-8/SVneo cells, compared with placenta tissue. The glucose uptake of HTR-8/SVneo cells may be mainly performed by GLUT4, the insulin-responsive transporter. Our hypothesis was supported by the subsequent results, which showed that after silencing of ANGPTL8, the IR was restrained, accompanied with the promoted expression of GLUT4 and recovery of glucose uptake. Certainly, this hypothesis needs more experiments to confirm.

JNK signaling has been reported to be activated in STZ-induced diabetic rats (26), and JNK inhibitor alleviated 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)-induced IR in adipocytes (27). In our study, JNK agonist aggravated IR induced by high concentration of insulin treatment, and JNK antagonist attenuated IR in trophoblast cells. The effect of ANGPTL8 knockdown was abolished by JNK antagonist. So we deduced that silencing of ANGPTL8 ameliorated IR by suppressing JNK signaling in trophoblast cells. ROCK signaling was also activated in diabetic rats (26), and a ROCK inhibitor, fasudil, has been demonstrated to retrained experimental IR in trophoblast cells in our another paper (28).

In addition, IR is often accompanied with inflammation in diabetic patients or animals. In our study, the inflammatory reaction was observed in insulin resistant cells, accompanied with the oxidative stress response. After silencing of ANGPLT8, the inflammation and oxidative stress were not inhibited, which were not consistent with results of IR. Although IR and inflammation often occur at the same time, their mechanisms are not exactly the same. In our study, the silencing of ANGPTL8 alleviated IR but not inflammation in trophoblast cells. Its effect on GDM animal in vivo still needs to be further studied by more experiments.

In conclusion, we demonstrated that ANGPTL8 was highly expressed in placenta of GDM mice and IR trophoblast cells. The silencing of ANGPTL8 alleviated high concentration of insulin treatment-induced IR by inhibiting JNK signaling. But the inflammation in IR trophoblast cells was not restrained. These results may provide novel insights for diagnosis and treatment of GDM in clinic.
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