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Advanced glycation end-products change placental barrier function and tight junction in rats with gestational diabetes mellitus via the receptor for advanced glycation end products/nuclear factor-κB pathway
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Abstract: The placenta plays an important role in nutrient transport to maintain the growth and development of the embryo. Gestational diabetes mellitus (GDM), the most common complication during pregnancy, highly affects placental function in late gestation. Advanced glycation end-products (AGEs), a complex and heterogeneous group of compounds engaged by the receptor for AGEs (RAGE), are closely associated with diabetes-related complications. In this study, AGEs induced a decrease in the expression of tight junction (TJ) proteins in BeWo cells and increased the paracellular permeability of trophoblast cells by regulating RAGE/NF-κB. Sprague-Dawley (SD) rats injected with 100 mg/kg AGEs-rat serum albumin (RSA) via the tail vein from embryo day 2 were set as the placental barrier dysfunction model group (n = 10). The effect of AGEs on placental permeability was determined using the Evans-Blue dye extravasation method. The ultrastructure of the placenta samples was observed by transmission electron microscopy. The effects of AGEs on the placenta were confirmed by treating rats with RAGE antagonist FPS-ZM1 and soluble forms of RAGE (sRAGE). AGEs treatment increased placental permeability and disrupted the tight junctions in pregnant rat placenta, but has no effect on blood glucose. The expression of TJ-related proteins, including ZO-1, Occludin, and Claudin 5, were downregulated after AGEs treatment. Further, AGEs treatment increased the expression of RAGE and nuclear factor-κB in the placenta of rats and upregulated the levels of vascular endothelial growth factor. The effects of AGEs on the placenta were blocked by RAGE antagonist FPS-ZM1 and sRAGE. This study demonstrates the mechanism underlying AGEs-induced disturbance in placental function in pregnant rats and highlights the potential of AGEs in the treatment of GDM.
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Introduction

Structural and functional abnormalities of the placental barrier are often present in patients with gestational diabetes and are associated with adverse pregnancy outcomes (Aires and Dos Santos, 2015; Jarmuzek et al., 2015). The placental barrier mainly comprises the vasculo-syncytial membranes (VSM), and the solute molecules pass the VSM mainly via transcytosis and the paracellular pathway. Researches have confirmed the existence of the paracellular pathway in the human placenta (Sibley et al., 2018), and the path is closely associated with the transport of a variety of solutes. The work of the paracellular pathway is determined by the tight junctions (TJs). The presence of tight junction structures has been reported in both trophoblast cells of the placenta and fetal vascular epithelial cells (Leach et al., 2000). The main functions of TJs include acting as a barrier in the vasculature, controlling the permeability of the endothelial cells by regulating the diffusion of fluid, ions, and small plasma proteins, and the infiltration of cells such as leukocytes, neutrophils, and lymphocytes (Shen et al., 2011), maintaining cell polarity by forming a “fence” to prevent the diffusion of apical and basolateral membrane proteins and lipids (van Meer and Simons, 1986), and participating in intercellular and endosomal signal transduction by interacting with some intracellular cytokines to regulate cell differentiation, proliferation, and apoptosis (Citi et al., 2014). TJs, therefore, are essential for maintaining the placental barrier functions. TJs include Claudin and Occludin proteins and consist of transmembrane proteins, cytoplasmic scaffolding, bridging proteins, and related signal proteins; the main components of TJ are transmembrane proteins. Claudin proteins have several isoforms. Claudin-5 is the most abundant endothelial-specific closure protein in endothelial cells (Ohtsuki et al., 2007). The main role of Claudin proteins is to form the core-TJ chain of the TJ structure (Furuse et al., 1998). The role of Occludin in the TJ is to maintain the stability and barrier function of TJ (Saitou et al., 2000). The cytoplasmic scaffolding proteins of the TJ are composed of ZO proteins (ZO-1, ZO-2, and ZO-3), which not only bind to TJ transmembrane proteins but also connect to the cytoskeleton, and are involved in the regulation of cellular signaling (Citi et al., 2014).

Research from Hayward et al. (van der Aa et al., 1998) showed that placental transport of glucose and neutral amino acids were altered in the gestational diabetes mellitus (GDM) state. However, the changes that the placenta makes to macromolecules such as albumin in the GDM state is yet unclear. In this study, the Evans-Blue (EB) assay was used to assess the permeability of the placenta, where EB enters the body and binds to albumin. The detection of EB in the placenta could provide evidence for the transport of albumin through the placenta (Radu and Chernoff, 2013). Most previous studies concluded that placental dysfunction in GDM patients is caused by hyperglycemia (Leach et al., 2009; Sobrevia et al., 2016), whereas some studies have found that dietary control or insulin treatment could decrease the blood glucose of pregnant women and newborns to the normal level. However, the above-mentioned therapies could not improve fetal or neonatal situations (Subiabre et al., 2018), meanwhile, pregnant women and newborns still suffer the dysfunction in placental microvascular and macrovascular endothelial cells (Sobrevia et al., 2015), which even leads to alterations in placental structure and function (Baumüller et al., 2015). Evidence indicated that factors other than hyperglycemia may be involved in the pathophysiologic development of GDM.

In many studies, advanced glycation end-products (AGEs) were confirmed at high levels in women with GDM (Bartakova et al., 2016; Harsem et al., 2008; Shi et al., 2020a), while AGEs remained at high levels even after normal glycemic control and were associated with poor fetal prognosis (Guosheng et al., 2009). AGEs exert deleterious effects by directly damaging cells or binding to specific receptors of AGEs (RAGE). The binding of AGEs with RAGE leads to activation of the nuclear factor (NF)-κB pathway (Xie et al., 2013; Shi et al., 2020b) and enhances the release of vascular endothelial growth factor (VEGF) (Boulanger et al., 2007), which is a very important cell-permeable molecule. Thus, AGEs are one of the factors that are worth investigating in the etiology of placental barrier dysfunction in GDM patients. Accumulation of AGEs may lead to placental oxidation and placental vascular bed disorders, which in turn deteriorate the development of preeclampsia. Studies suggested that AGEs are associated with a variety of barrier structures and dysfunctions in vivo, but the relationship between AGEs on the placental barriers is still unclear. In this study, we confirmed the altered placental barrier function in the gestational state by assessing the placental permeability (EB staining assay), placental ultrastructure, and changes in the expression of TJ factors (ZO-1, Occludin, Claudin5) in the placenta of gestational rats. The changes in placental permeability, placental ultrastructure, and placental TJ factor (ZO-1, Occludin, Claudin5) in GDM rats in late pregnancy were observed from the intervention of rats with RAGE antagonist FPS-ZM1 and soluble forms of RAGE (sRAGE), respectively. The (sRAGE) bind to the ligand of RAGE but do not have the intracellular effects of RAGE, thus playing a competitive role in the inhibition of RAGE. To investigate the causes of abnormal placental barrier function in the gestational state, we also examined the changes in placental RAGE and NF-κB expression.

Materials and Methods

Materials

The antibodies used in this study were: rabbit anti-zonular occludens-1 (ZO-1) (61-7300, Invitrogen, Thermo Fisher Scientific, Inc.), rabbit anti-Occludin (ab216327, Abcam), rabbit anti-NF-κB p65 (ab16502, Abcam), rabbit anti-GAPDH (ab9485, Abcam) and goat anti-rabbit APC secondary antibody (ab130805, Abcam).

Preparation of AGEs-modified rat serum albumin (AGEs-RSA) solution

Phosphate buffer saline (PBS, 0.2 mol/L, pH 7.4) containing RSA (50 g/L), glucose (500 mmol/L), penicillin (100 U/mL), and gentamicin (70 μg/mL) was stirred thoroughly and adjusted at the pH of 7.4, then kept at room temperature for 24 h. The solution was incubated for one week at 50°C under sterile conditions, and unincorporated glucose was removed. A glucose-free RSA incubation solution was prepared under the same conditions and used as a control. The protein content was determined through the Coomassie brilliant blue method, and the AGEs content was determined using a fluorescence spectrophotometer (excitation at 370 nm and emission at 440 nm). The concentrations of AGEs in the prepared AGEs-RSA solution and RSA control were 28 mg/mL and 0.8 mg/mL, respectively. The endotoxin content of all samples was below 0.5 kEU/L.

Animals

Sprague-Dawley (SD) rats (8–10-week-old) were acquired from Beijing Vital River Laboratory Animal Technology Co., Ltd., China. Animals were kept under standard laboratory conditions (temperature 21 ± 1°C, relative humidity 55% ± 10%, 12 h:12 h alternating light and dark). Animals were fed with standard laboratory diet with free access to water and food. The study protocol was approved by the Ethics Committee of Southeast University.

Animal experiments

10–12-week-old SD female rats were randomly categorized into four groups (n = 10 in each group). Two female rats in individual cages were mated with one male rat. (1) Female rats were injected with RSA (100 mg/kg) through the tail vein every other day from day 2 of pregnancy (E2) until execution at E16 (RSA group). (2) Female rats were injected with AGEs-RSA (100 mg/kg) through the tail vein every other day from E2 until execution at E16 (AGEs-RSA group). (3) Female rats were injected intraperitoneally with FPS-ZM1 (1 mg/kg/d) from 1 week before mating with male rats until the day of delivery and injected with AGEs-RSA 100 mg/kg through the tail vein every other day from E2 until execution at E16 (FPS-ZM1 group) (4) Female rats were injected with sRAGE 5 mg/kg through the tail vein from E1 until the day of delivery, injected with AGEs-RSA 100 mg/kg through the tail vein every other day from E2 until execution at E16 (AGEs + sRAGE group). The glucose levels were measured from abdominal aortic blood samples at E16.

Evans blue (EB) assay

At E16, 0.2% sterile solution of EB in PBS was prepared and filter-sterilized the solution to remove insoluble particulate matter. Female rat was placed in the restraint device and held by the tail. EB solution (2.5 μL/g) was slowly injected into the tail vein of the rat. The rat was placed back into the cage and observed for 45 min. Then, the rat was sacrificed through cervical dislocation, and the abdominal cavity was opened to collect the placental tissues. Placental tissues were dried at 55°C, and formamide was added to extract EB from the tissue. The absorbance value (OD) was measured at 610 nm using a microplate reader (Model 680, Bio-Rad, America), and formamide was used as a blank control. The amount of EB exuded per mg of tissue was calculated according to the standard curve equation.

Transmission electron microscopy

Placenta samples were placed in a buffer containing 0.05 M sodium dimethyl arsenate and fixed in 2.5% glutaraldehyde buffer at 4°C for 1 h, then stored at 4°C for 24 h. After dehydration with a graded ethanol system, placenta samples were immobilized in 1% osmium tetroxide at 4°C for 1 h, then placed in a graded acetone system. The samples were embedded in paraffin and cut into slices of 1 μm thickness. The slices were stained with 2% uranyl acetate for 10 min and followed by 100 µL lead citrate for 5 min at 25°C. The ultrastructure of the placenta samples was observed under the transmission electron microscope.

Western blotting

Placental tissues were lysed in RIPA buffer on ice. The total protein concentration was determined by using the BCA protein assay kit. Proteins were separated on sodium dodecyl sulfate-polyacrylamide gel electrophoresis gels and transferred to a polyvinylidene difluoride membrane. After that, the membranes were blocked in skimmed milk for 1 h at room temperature and incubated overnight with primary antibodies at 4°C, followed by incubation with HRP-conjugated secondary antibodies for 2 h at room temperature. The results were obtained using Chemiluminescent detectors.

Real-time quantitative polymerase chain reaction

Placental tissue RNA was extracted by Trizol® (Invitrogen, Thermo Fisher Scientific, Inc.). Total RNA concentrations were estimated to conduct a reverse transcription reaction. Primer sequences for analysis of ZO-1, Claudin5, VEGF, RAGE, NF-κB, and β-actin are listed in Table 1. The relative level of expression of genes was estimated using the 2−ΔΔCT method.
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Statistical Analysis

SPSS 25.0 was used for statistical processing. The indicators were expressed as mean ± SD, and analysis of variance (ANOVA) was used to analyze related statistical data; the S-N-K method and Dunnett method were used for two-by-two comparisons between the three groups, and P < 0.05 was considered a statistically significant difference.

Results

Effect of AGEs on rat bodyweight and blood glucose

The body weight of rats was measured on the day of delivery (Fig. 1A) and showed that AGEs significantly decreased the body weight of rats. Estimation of blood glucose (Fig. 1B) demonstrated that AGEs elevated the blood glucose of rats, but no significant difference was observed in the RSA group. Further, the effects of AGEs on body weight and blood glucose of rats were blocked by administrating rats with the RAGE antagonist (FPS-ZM1) and sRAGE (Fig. 1).
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Figure 1: The effect of AGEs on rat bodyweight and blood glucose (A) AGEs reduced the body weight of female rats, while this effect was abolished by using RAGE antagonist (FPS-ZM1) and soluble receptors of AGE (sRAGE). (B) AGEs have no effect on the blood glucose level of female rats, and those administrated with FPS-ZM1 and sRAGE did not have altered blood glucose levels. n = 10. The data represent the mean ± SEM, a p < 0.05, compared with those injected with AGEs-rat serum albumin (RSA group). b p < 0.05, compared with the AGEs group. ab p < 0.05 compared with the RSA group and AGEs group.

Effect of advanced glycation end-products on placental permeability and the tight junctions of rat placenta

EB, an azodye with a high affinity for plasma proteins, was used to evaluate placental permeability. In the present research, placental permeability was assessed by measuring EB levels of placentas in each group. Results in Fig. 2A indicate that AGEs increased the placental permeability of rats, and RAGE antagonist FPS-ZM1 and sRAGE abolished this effect of AGEs.
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Figure 2: Effect of advanced glycation end-products on placental permeability and the tight junction (TJ) of rat placenta (A) AGEs improved the content of Evans-Blue (EB) in the placenta, FPS-ZM1 and soluble receptors of AGE (sRAGE) deprived AGEs of their capability to increase the content of EB in the placenta (n = 9). (B) AGEs destroyed the ultrastructure of the placenta, while AGEs antagonist FPS-ZM1 and sRAGE restored placental integrity. (C–F) quantitative polymerase chain reaction, western blotting, and immunohistochemical analyses showed that AGEs increased the expression of TJ-related genes. Meanwhile, FPS-ZM1 and sRAGE blocked the effect of AGEs (n = 3). The data represent the mean ± SEM, a p < 0.05, compared with the RSA group. b p < 0.05, compared with the AGEs group. c p < 0.05 compared with AGEs+FPS-ZM1 group. ab p < 0.05 compared with those injected with AGEs-rat serum albumin (RSA group) and the AGEs group. abc p < 0.05 compared with the RSA group, AGEs group, and AGEs+FPS-ZM1 group. Scale bar: 100 μm.

Further, the ultrastructure of the placenta visualized by transmission electron microscopy (Fig. 2B) demonstrated that AGEs destroyed the integrity of the placenta (the area indicated by the black arrow in Fig. 2B), with continuous and dense, tightly connected structures in the RSA group, while most of the tightly connected structures between syncytial trophoblast cells and vascular endothelial cells in placental tissues were lost, and some cells were degenerated and disintegrated in AGEs group. Meanwhile, FPS-ZM1 and sRAGE protected the placenta from this damaging effect of AGEs.

Then, the TJ-related genes ZO-1, Occludin, and Claudin5 expression levels were detected by quantitative polymerase chain reaction (qPCR) (Fig. 2C), western blotting (Figs. 2D and 2E), and immunohistochemical (IHC) staining (Fig. 2F); the results demonstrate that AGEs decreased the expression of TJ-related genes, simultaneously FPS-ZM1 and sRAGE antagonist the effect of AGEs.

Effect of advanced glycation end-products (AGEs) on the expression of receptors of AGE and nuclear factor-κB in rat placenta

To assess the mechanism of the effect of AGEs on placental integrity, expression of RAGE and NF-κB in the placenta were examined. Compared with the RSA group, AGEs treatment sharply upregulated the expression of genes and proteins of RAGE and NF-κB in the placenta (Figs. 3A–3C). This AGEs-induced increase in RAGE and NF-κB expression was ameliorated by treatment with FAM-ZM1 and sRAGE.
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Figure 3: Advanced glycation end-products (AGEs) enhanced RAGE and NF-κB expression in the placenta of rats (A–C) quantitative polymerase chain reaction (qPCR) and western blotting quantification showed that AGEs increased RAGE protein level in the rat placenta. FPS-ZM1 and sRAGE abolished the AGEs-induced increase in RAGE expression (n = 3). (D–F) qPCR and western blotting quantification show that AGEs increased the NF-κB expression. FPS-ZM1 and sRAGE restored AGEs-induced increase in NF-κB level (n = 3). a p < 0.05, compared with those injected with AGEs-rat serum albumin (the RSA group). b p < 0.05, compared with the AGEs group. c p < 0.05 compared with AGEs+FPS-ZM1 group. ab p < 0.05 compared with the RSA group and AGEs group.

Effect of advanced glycation end-products on the expression of VEGF in rat placenta

To investigate the mechanism of damage induced by AGEs, to placental TJ, the expression of VEGF in the placenta was determined by using qPCR and western blotting and the results (Fig. 4) demonstrate that AGEs enhanced VEGF expression in rat placenta, and this effect of AGEs was abolished by FPS-ZM1 and sRAGE.
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Figure 4: Advanced glycation end-products (AGEs) improved the expression of vascular endothelial growth factor (VEGF) in the placenta of rats (A–C) qPCR and western blotting with quantification results showed that AGEs elevated the level of VEGF in rat placenta. FPS-ZM1 and sRAGE ameliorated the AGEs-induced increase in the level of RAGE AGEs (n = 3). a p < 0.05, compared with those injected with AGEs-rat serum albumin (the RSA group). b p < 0.05, compared with the AGEs group. c p < 0.05 compared with AGEs+FPS-ZM1 group. ab p < 0.05 compared with the RSA group and AGEs group.

Discussion

AGEs are a group of highly active end products formed by non-enzymatic glycosylation between the amino group of a protein, fatty acid, or nucleic acid and the aldehyde group of reducing sugar. In our previous study, we found that the placental permeability of GDM model rats was significantly higher than that of the control group, accompanied by increased serum levels of AGEs and changes in the expression of placental TJ proteins (Shi et al., 2020a). In this study, we found significantly increased permeability of the placenta of AGEs-treated rats, and observation under transmission electron microscopy revealed widened gaps and flawed TJ structure. In addition, the expression of TJ factors ZO-1, Occludin, and Claudin5 decreased in AGEs administrated rats, while RAGE, NF-κB, and VEGF levels increased significantly. However, AGEs exerted no effect on the blood glucose of rats, suggesting that in the absence of a hyperglycemic environment, AGEs can increase placental permeability and decrease the expression of TJ factors, impairing placental barrier and function. The damaging alterations in the placental barrier are very similar to those observed in the rat models with GDM, and the AGEs are an independent factor of placental damage in addition to hyperglycemia. Most recent hypotheses suggest that high level of AGEs is not only a concomitant response to diabetic hyperglycemia but that it can result from a variety of diseases such as diet and obesity (Edeas et al., 2010). In turn, high AGEs levels can induce oxidative stress in vivo, cause pancreatic β-cell dysfunction, reduce insulin secretion, and consequently insulin resistance, thus participating in the development of diabetes (Vlassara and Uribarri, 2014). In summary, we postulate that the presence of a long-term sustained hyperglycemic environment in GDM patients could increase the exposure of AGEs, thus activating intracellular oxidative stress and inflammatory response through RAGE, accelerating the formation of AGEs, further aggravating oxidative stress and inflammatory response, and decreasing insulin resistance, to finally end up promoting GDM progression.

EB is a dye with a high affinity for albumin and cannot pass through endothelial cells; therefore, the binding of EB to albumin is limited to the vasculature. Under some pathological conditions that increase vascular permeability, endothelial cells partially lose their TJs and allow the passage of small molecules such as albumin, thus allowing EB to leak into the tissue. In this experiment, EB was injected into the tail vein of rats at E16, and the placenta was removed by cesarean section to examine the change in EB content in the placenta of each group to evaluate the placental permeability. FPS-ZM1 is a high-affinity RAGE-specific inhibitor, which is non-toxic to mice, and blocks the binding of the RAGE ligands to its V region, and can easily cross the blood-brain barrier (Deane et al., 2012). The protective effects of FPS-ZM1 have been demonstrated in a variety of animal models. In Alzheimer’s disease model mice, FPS-ZM1 improved neuronal apoptosis and behavioral performance while inhibiting the expression of RAGE and NF-κB (Wang et al., 2018). FPS-ZM1, in combination with valsartan in the treatment of a diabetic rats model, also exhibited a potential for renal tubular injury protection by inhibiting renal inflammation and oxidative stress (Sanajou et al., 2019). Therefore, FPS-ZM1 is expected to be a potential drug for the prevention and treatment of AGEs-RAGE-related diseases. In this study, the permeability and TJ in the placenta of rats with GDM did not change after treatment with 1.0 mg/kg AGEs-RSA when the rats were pretreated with the same dosage of FPS-ZM1 daily, and the expression of RAGE and NF-κB reduced significantly. This protective effect of FPS-ZM1 on placental barrier damage caused by AGEs intervention was similar to that observed in our previous study on the effect of FPS-ZM1 on the placenta of GDM rats. Thus, AGEs are an important element in placental barrier dysfunction under the GDM state; they act mainly by activating RAGE. After AGEs-RSA intervention with concomitant administration of recombinant sRAGE at 5 mg/kg/day in gestational rats, the placenta did not show the elevated permeability presented after AGEs-RSA intervention alone and significantly restored the expression of TJ factor, while also downregulating the expression of RAGE and NF-κB. Gene expression is a complex process that is regulated at many levels; after gene transcription, processes such as protein translation, degradation, and post-translational modifications affect the level of protein (Buccitelli and Selbach, 2020). We found that the expression of NF-κB transcripts in the AGEs-sRAGE group was lower than in the RSA group, but the expression of NF-κB protein in the AGEs-sRAGE group was higher than in the RSA group. We thought that this may be because AGEs and sRAGE affected the processes after NF-κB gene transcription. sRAGE, a soluble RAGE, blocks the binding of RAGEs to AGEs in vivo by binding to free AGEs in blood and tissues, thereby mitigating the adverse effects of AGEs-RAGE interactions. Circulating levels of sRAGE decreased strikingly at the end of pregnancy in rats. In addition, newborns had significantly higher levels of sRAGE than their mothers, indicating that the compound, which is derived from the placenta, may exert anti-inflammatory effects by decreasing the effects of AGEs, which in turn may have a protective effect on the fetus (Quintanilla-García et al., 2019). Currently, low levels of serum sRAGE or a high ratio of AGEs/sRAGE have been proposed as biomarkers of diabetes, hyperthyroidism, hyperccholesterolemia and end-stage renal disease (Prasad, 2019). However, there are very few studies on the relationship between sRAGE and pregnancy complications. Therefore, sRAGE acts as a protective antibody against the damaging effects of AGEs-RAGE in vivo and is expected to be developed as a predictor of complications in pregnancy. Here, the protective effect of sRAGE on placental barrier injury after AGEs intervention was similar to the effect of sRAGE on the placenta of GDM rats. Thus, sRAGE reduced tissue damage by binding to free AGEs and blocked their binding to RAGE in tissues. Similar to FPS-ZM1, sRAGE protected the placental barrier, but sRAGE was not significantly superior to FPS-ZM1 in terms of improvement in EB leakage from the placenta or reversal of TJ-related genes expression, and we, therefore, hypothesized that RAGE receptor-mediated pathway is the primary mode through which AGEs induce impairment of placental barrier function. Thus, AGEs-induced impairment of placental barrier and TJs was mainly through the RAGE/NF-κB pathway.

In conclusion, AGEs can induce abnormal expression of placental TJ-related genes through the RAGE/NF-κB signaling pathway in the gestational state, damaging placental TJ structures, disrupting the integrity of the barrier, and increasing placental permeability (Fig. 5). The adverse effect of AGEs may be involved in the development of gestational diabetes and is an important factor causing poor prognosis for the mother and child. AGEs and sRAGE are promising as biomarkers for some complications of pregnancy, such as GDM and preeclampsia, and are used as clinical predictors and intervention indicators.
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Figure 5: Advanced glycation end-products (AGEs) induce abnormal expression of placental tight junctions (TJ) related genes in the gestational state. RAGE, receptors of AGEs; NF-κB, nuclear factor-κB; VEGF, vascular endothelial growth factor.
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Primer sequence
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Primer sequence (5’-3’)
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Reverse primer
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Reverse primer

AAACTCTGCTGAGCCCCCTA
TCACAGTGTGGCAAGCGTAG
CTCAGTTGAGCTGTGGGCTG
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CCTGGACCACAACATCGTGA
CCAGCACAGACTCGTACACC
CAATGATGAAGCCCTGGAGTG
GCTCATCTCTCCTATGTGCTGG
TGAGACGGGACTCTTCACGCT
CACCTTCAGGCTCAACCAACA
CATGGATCCCTGCACACCTT
CTCAGCATGGAGAGTTGGCA
TGCTATGTTGCCCTAGACTTCG
GTTGGCATAGAGGTCTTTACGG
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