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      Background

      
				Placental hypoxia may lead to oxidative stress,
				which inflicts damage to capillary protein junction. The aim
				of this study was to evaluate altered expression of endothelial
				junction protein of capillaries in hypoxia condition and to
				observe its correlation with the incidence of intraventricular
				hemorrhage in premature infants.			


       


      Methods

      
				A cross-sectional study was conducted by using
				placental tissues of premature infants as amodel of capillary
				integrity (29 hypoxic and 29 non-hypoxic). Hypoxia
				inducible factor (HIF)-1α was measured to define placental
				tissue response to hypoxia; malondialdehyde (MDA) and
				glutathione (GSH) served as markers of oxidative stress. The
				expressions of junctional proteins, N-cadherin and occludin
				were analyzed by immunohistochemistry. Intraventricular
				hemorrhage (IVH) was detected by cranial ultrasound at the
				third day. Unpaired t test, Mann-Whitney, and Chi-square
				tests were used to analyze the data.			


       


      Results

      
				The HIF-1α and MDA levels were slightly, but not
				significantly, higher in hypoxia group {13.64±8.70 pg/mg protein
				and 10.31 pmol/mg tissue (ranged 1.92–93.61), respectively}
				compared to non- hypoxia group {10.65±5.35 pg/mg protein
				and 9.77 pmol/mg tissue (ranged 2.42–93.31)}. GSH levels
				were not different in both groups (38.14 (ranged 9.44–118.91)
				and 38.47(ranged 16.49–126.76) ng/mg protein, respectively.
				mRNA expression of N-cadherin (0.13) and occludin (0.096)
				were significantly lower in hypoxia comparedto non-hypoxia
				group (p=0,001), while protein expression of N-cadherin (3.4;
				75.9; 6.9; 13.8%) and occludin (20.7; 3.4; 69.0; 3.4; 6.9%) in
				hypoxia group was not associated with IVH (p=0.783 and
				p=0.743).			


       


      Conclusion

      
				Hypoxia altered expression of endothelial
				junction protein in placental capillaries, but no association
				with intraventricular hemorrhage was observed.			
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				Placenta is a multifunctional organ delivering
				nutrition and oxygen needed by the fetus
				through maternofetal circulation by passing
				the maternofetal barrier.1 The barrier, contains
				several layers including the syncytiotrophoblast,
				cytotrophoblast, connective tissue derived
				from mesoderm, and a single layer of capillary
				endothelium.2,3 The capillary endothelial layers
				consist of endothelial cells connected each other
				by transmembrane junction proteins.4 There are
				two areas of junction, i.e. the tight junction and
				adherent junction. Occludin is one of proteins
				found in the tight junction, while N-cadherin is
				a protein contained in the adherent junction.4,5
				Those endothelial junction proteins have a
				function to control the permeability of endothelial
				layer.4,6,7			


			
				Several conditions such as hypoxia may cause
				damage on endothelial junction. Hypoxia causes
				imbalance between oxidants and antioxidants
				known as the oxidative stress,8,9 which damages
				lipid, nucleic acids, protein, DNA and other cellular
				components, including the intercellular junction
				protein in the capillary endothelium.8,10–12 Any
				damage of endothelial junction protein will result
				in the development of intercellular endothelial
				gap that may lead to increased permeability of
				capillary endothelial layer and disrupts capillary
				function.4,13			


			
				A study by Trollmann et al14 suggested that placenta
				hypoxia may indicate cerebral hypoxia distress in
				fetal rats, while another study evaluating hypoxia
				in premature infants found that cerebral hypoxia
				may become a predictor of the development of
				intraventricular hemorrhage.15 Intraventricular
				hemorrhage is a distinctive intracranial bleeding
				in premature infants caused by the increase in
				endothelial capillary permeability in the germinal
				matrix,16–18 an area in the brain which is only
				present in premature infants with gestational age
				of ≤36 weeks.5,16,19 The germinal matrix consists of
				a lot of capillaries containing a single endothelial
				layer. Just like maternofetal barrier in placenta,
				the blood brain barrier is constructed by capillary
				endothelial layers together with basal membrane
				containing pericytes, and perivascular astrocyte
				foot process.5,17			


			
				Data from Harapan Kita Woman and Children
				Hospital, Jakarta, 2012 demonstrated that one
				third of premature newborn suffered from
				intraventricular hemorrhage, and one third have
				hypoxia.			


			
				The aim of our study was to evaluate altered
				expression of endothelial junction protein of
				capillaries in hypoxia condition in premature
				infants and to observe its correlation with
				permeability changes, as well as the occurrence
				of intraventricular hemorrhage in premature
				infants. Due to limitation in obtaining brain
				specimens of premature infants, our study used
				placenta tissues as specimens of our samples.			





			 

      
        METHODS

      


			
			 

			
				This was an observational cross-sectional
				study, conducted at the Molecular Laboratory
				for Oxidative Stress Studies, Department of
				Biochemistry; Molecular Biology Laboratory
				of Department of Physiology; and Department
				of Histology Faculty of Medicine, Universitas
				Indonesia, between January 2013 and December
				2014.			


			
				The samples derived from placental tissue
				specimens obtained from premature infant born
				at Budi Kemuliaan and Harapan Kita Woman and
				Children Hospitals, Jakarta. The inclusion criteria
				were placental tissues of premature infants with
				gestational age of ≤36 weeks.			


			
				Specimens were grouped according to hypoxia
				(venous oxygen saturation <60%) and nonhypoxia
				group (venous oxygen saturation >60%).
				Placental tissues of infants with congenital defects
				were excluded.			


			
				Sample size was calculated using two proportions
				hypothesis test for two independent groups.			
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				By taking p1 value 0.67 and p2 value 0.33, and the
				power β of 80%, a minimum of 33 samples were
				needed in each group.			


			
				Placental hypoxia was determined based on
				umbilical vein saturation measured by blood gas
				analysis.20 Intraventricular hemorrhage (IVH) was
				detected using cranial ultrasound on the third
				day. The protocol of the study has been approved
				by The Research Ethic Committee of the Faculty
				of Medicine, Universitas Indonesia (No.16/H2.F/
				ETIK/2013).						


			 

			
				ELISA technique for detecting HIF-1α protein
level
			

			
				Hypoxia inducible factor (HIF-1α) was measured
				using an enzyme-linked immunosorbent assay
				(ELISA) kit Cusabio. The microplate provided in this
				kit was pre-coated with an antibody spesific for HIF-1α. Standards or samples were added to microplate
				wells, added with a biotin-conjugated antibody
				preparation spesific for HIF-1α. Subsequently,
				horseradish peroxidase (HRP)-avidin was added
				to each microplate well followed by tetramethyl
				benzidine (TMB) substrate solution. Only the wells
				that contained HIF-1α, biotin-conjugated antibody,
				and enzyme-conjugated avidin would exhibit the
				change in color. The enzyme-substrate reaction
				was terminated by addition of stop solution, and
				color change was measured by ELISA reader at λ
				of 450 nm.			


			 

			
				Wills method of placental MDA measurement
			

			
				About 100mg of placental tissue in 1 ml of PBS at
				pH 7.0 was homogenized using micropestel and
				microtube. Subsequently, 200 μL of 20% trichloro
				acetic acid (TCA) was added into 50 μL of placental
				homogenate to induce protein precipitation and
				then treated with centrifugation with the speed of
				5,000 g for 10 minutes. Supernatant was removed
				and 400 μL thiobarbituric acid (TBA) was added.
				After boiling for 10 minutes in water bath, the
				absorbance was measured at λ 530 nm.21			


			 

			
			Ellman method of placental GSH measurement
			

			
				Gluthation peroxidase (GSH) level was measured
				from 50 mL of placental homogenate in phosphate
				buffer at pH 8.0 which was added with 200 μL of 5%
				TCA for protein precipitation. After centrifugation
				with 5,000 g for 10 minutes, 25 mL of dithiobisnitrobenzoate
				(DTNB) solution was added to
				the supernatant of placental homogenate and
				incubated for one hour. Absorbance was measured
				at l = 412 nm. The level of GSH was measured as μg
				GSH/mg placental protein. The level of placental
				protein was calculated using the curve of standard
				bovine serum albumin (BSA) solution.22			


			 

			
				Histomorphology of placental vascular tissue
			

			
				Placental tissue was immersed in cold 0.9%
				NaCl, and cut in 3-5 mm thickness. After fixation,
				dehydration, clearing and embedding, then it
				was cut into sections with microtome in 4-5 μm
				thickness. Hematoxylin eosin staining was used
				for histomorphology analysis and the specimens
				were observed under light microscope. Evaluation
				was performed using modification of Moenadjat24
				scoring system with a score of 1-3. Score 1:
				nuclei are not located in a single line, endothelial
				layer is not intact. Score 2: nuclei are located in
				a single line, endothelial layer is not intact, and
				score 3: nuclei are located in a single line, intact
				endothelial layer.23			


			 

			
				Immunohistochemistry of N-cadherin and
occludin detection
			

			
				We performed deparafinization, dehydration,
				washing, addition of peroxidase blocking
				solution, washing, then incubate by N-cadherin
				and occludin primary antibodies with the ratio
				of 1:25. Incubation was continued by adding
				secondary antibody (novolink polymer).
				3,3’-diaminobenzidine (DAB) solution was added
				to the specimen and then counterstained by
				incubating them in hematoxylin solution. The
				specimens were observed under light microscope.
				This assay examined the distribution and color
				intensity of the fine granules of N-cadherin
				and occludin. Evaluation was performed using
				modification of Moenadjat scoring with a score of
				1-5.24			


			
				According to the Moenadjat24 modification
				scoring, score 1: the distribution of N-cadherin/
				occludin molecule did not show color intensity.
				Score 2: the distribution of N-cadherin/occludin
				molecule was not homogenous on the wall, or
				cytoplasm of endothelium attached to basal
				membrane with moderate or weak intensity.
				Score 3: the distribution of N-cadherin/occludin
				molecule was homogenous on the wall, or
				cytoplasm of endothelium attached to basal
				membrane with moderate or weak intensity.
				Score 4: the distribution of N-cadherin/occludin
				molecule was not homogenous on the wall, or
				cytoplasm of endothelium attached to basal
				membrane with strong intensity. Score 5: the
				distribution of N-cadherin/occludin molecule
				was homogenous on the wall, or cytoplasm of
				endothelium attached to basal membrane with
				strong intensity.			


			 

			
				RNA isolation and RT-qPCR technique for
				detecting mRNA of N-cadherin and occludin			

			
				Total mRNA samples were obtained from
				isolated placental tissue using the Rneasy mini
				kit (Qiagen). RNA concentration was determined
				using a NanoDrop 2000 (ThermoScientific).
				Real-time reverse transcriptase –q polymerase
				chain reaction (RT-qPCR) was performed
				using Rotor Gene Q-5plex (Qiagen) with
				QuantiTect SYBR Green RT PCR kit (Qiagen)
				one step method. rRNA 18S gene was used as
				internal control. The sequence of N-cadherin
				and occludin and 18S were obtained from
				National Center for Biotechnology Information
				(NCBI)-Gene bank. The primers of N-cadherin:
				forward 5’-TTCGGGTAATCCTCCCAAATC-3’,
				reverse 5’-CACAATCCTGTCCACATCT-3’,
				product 98 bp. The primers of occludin:
				forward 5’-TAACTTCGCCTGTGGATGAC-3’,
				reverse 5’-CTCTTTGACCTTCCTGCTCTT-3’,
				product 109 bp. The primers of 18S: forward
				5’-CACGGACAGGATTGACAGATT-3’, reverse
				5’-GCCAGAGTCTCGTTCGTTATC-3’, product 119
				bp. The protocol for real-time RT-qPCR were: a
				single cycle of reverse transcription at 50°C for
				30 minutes, a single initial denaturation (95°C,
				15 minutes), 40 cycles of denaturation (94°C,
				15 seconds), annealing (57°C, 15 seconds) and
				extension (72°C, 30 seconds) and a single cycle of
				final extension (72°C, three minutes), which was
				continued with melt curve (at a range temperature
				of 72°–95°C and increasing 0.5°C for each cycle,
				wait for two seconds, and do the Aquire to melt
				A on green one time. Real-time RT-qPCR data was
				calculated according to Livak method.			


			 

			
				Statistical analysis
			

			
				The levels of HIF-1α were compared with
				unpaired t test. Oxygen venous saturation, level
				of MDA, GSH, IVH, and relative ratio mRNA
				were compared by Mann Whitney test. Protein
				expression and association between protein
				expression with intra ventricular hemorrhage
				were analyzed by using Chi-square test.						







       

      
        RESULTS

      


			
			 

			
				Twenty nine placentas of preterm infants in
				both groups have been colected and used for
				measurement of study parameters. Oxygen
				saturation of umbilical vein in hypoxic group
				{46.30% (range 20.0 to 59.9%)} was significantly
				lower than that of non-hypoxia group {80.10%
				(range 60.9% to 98.7%)}, p=0.001). The mean
				value of HIF-1α protein level in placenta of
				hypoxic group was slightly, but not significantly
				higher than in non-hypoxia group (p=0.122). The
				same phenomenon was also observed for MDA
				(p=0.414) and GSH (p=0.810) levels. By using the
				Livak method, we found that the relative mRNA
				expression of N-cadherin in hypoxia group was
				significantly weaker than those in the non-hypoxia
				group (0.13 vs 1, p=0.001); and the relative mRNA
				expression of occludin in hypoxia group was also
				significantly weaker compared to non-hypoxia
				group (0.096 vs 1, p=0.001). (See Table 1).			


				
				 

				
					
						
							Table 1.
						
						
							Comparison between hypoxia parameter indicators in the placental tissue of hypoxic and non-hypoxic preterm infants
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				Using modification score of Moenadjat24 we
				found that the endothelial layer of placental
				capillary in hypoxia group was more intacts than
				in non-hypoxia group, although the difference
				was not statistically significant (p=0.066).
				Immunohistochemistry of N-cadherin expression
				in hypoxia group was significantly weaker than
				those in non hypoxia group (p=0.001), as well as
				occludin (p=0.001) (Table 2).			


				
				 

				
					
						
							Table 2.
						
						
							Comparison between histomorphology an immunohistochemistry
							parameters in the placental tissue of hypoxic
							and non-hypoxic preterm infants						
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				Histomorphology of placental capillary
				endothelial demonstrated that intact basal
				membrane and endothelial cells weare tightly
				attached to the basal membrane in non-hypoxia
				group. In contrast, basal membrane was not intact
				and some of endothelial cells were not tightly
				attached to the basal membrane in hypoxia group
				(Figure 1).						
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							Figure 1.
						
						
							Histomorphology of placental capillary endothelial
							layer HE staining, 40x magnification. Panel A: intact basal
							membrane and endothelial cells are tightly attached to the
							basal membrane in non-hypoxia group; Panel B: basal membrane
							is not intact and some of endothelial cells are not tightly
							attached to the basal membrane in hypoxia group						
					

				

				 

				

			
				The expression of N-cadherin protein on
				endothelial layer of placental capillary showed
				an intact basal membrane and endothelial cells
				attached tightly to basal membrane in nonhypoxic
				group; while on hypoxia group, an
				incomplete basal membrane could be detected
				with some of endothelial cells not tightly attached
				to basal membrane (Figure 2).			
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							Figure 2.
						
						
							The expression of N-cadherin protein on endothelial
							layer of placental capillary, 40X magnification. A) positive
							control; B) negative control; C) non-hypoxia specimens; D)
							hypoxia specimens. Primary antibody: anti-N-cadherin antibody
							mouse monoclonal to N-cadherin; secondary antibody:
							novolink polymer. There are complete basal membrane and
							endothelial cells attached tightly to basal membrane in panel
							A and C; while on panel B and D, there are incomplete basal
							membrane and some of endothelial cells are not tightly attached
							to basal membrane						
					

				

				 

				

			
				Figure 3 shows the expression of occludin protein
				on endothelial layer of placental capillary. The
				complete basal membrane with endothelial cells
				attached tightly to basal membrane was seen in
				non-hypoxic group, while a thin layer of basal
				membrane was seen in hypoxic group (Figure 3).			
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							Figure 3.
						
						
							The expression of occludin protein on endothelial
							layer of placental capillary using light microscope with 40x
							magnification. Primary antibody: anti-occludin antibody
							rabbit polyclonal to occludin; secondary antibody: novolink
							polymer. A) positive control; B) negative control; C) nonhypoxia
							specimens; D) hypoxia specimens. There are complete
							basal membrane and endothelial cells attached tightly
							to basal membrane in panel A and C; while on the contrary,
							there is a thin layer of basal membrane in panel B and D						
					

				

				 

				

			
				In the present study, intraventricular hemorrhage
				occurred in seven out of newborn in hypoxia and
				non-hypoxia group.			





			 

      
        DISCUSSION

      


			
			 

			
				In the present study, we have tried to evaluate
				the role of HIF-1α and oxidative stress in the
				regulation of vascular integrity of umbilical
				vein using placental tissue of hypoxic and
				non-hypoxic preterm infants. This was done
				in an attempt to explain the phenomenon of
				intraventricular hemorrhage of preterm infants.
				mRNA relative expression and protein expression
				of N-cadherin and occludin, the proteins that
				maintain the integrity of capillary, was also
				evaluated. In addition, visualization of vascular
				integrity was also done by histomorphology and
				immunohistochemistry methods.			


			
				Response of placental tissue to hypoxia was
				indicated by the higher level of HIF-1α in hypoxia
				group compared to non-hypoxia group, although
				no significant difference was observed between the
				two groups. The mechanism of HIF-1α regulation by
				reactive oxygen species (ROS) in oxidative stress has
				not been fully understood. However, ROS probably
				induces HIF-1α accumulation by inhibiting its
				degradation, and even activating its transcription
				through adenosine monophosphate (AMP) kinasedependent
				mechanism. The regulation of HIF-1α by monophosphate-activated protein kinase
				(AMPK) as a response to ROS occurs through c-jun
				terminal kinase and Janus kinase pathways.25 The
				results of our study are consistent with the general
				characteristics of increased HIF-1α level in various
				tissues as have been shown by other studies.15,26–28
				Increased mitochondrial ROS can induce various
				pathways of signal transduction that may lead to
				gene expression. ROS can activate tyrosine kinase
				receptor or inhibit phosphatase protein or activate
				mitogen activated protein kinase (MAPK) pathway,
				phospholipase CY (PLCϒ), protein kinase-C (PKC)
				and then activate transcription factors and target
				gene expression, including HIF-1α.27			


			
				Oxidative stress occurred in hypoxic placenta can
				be detected by measuring the level of MDA, which
				is a product of basal membrane lipid peroxidation
				process,10,11 and by measuring the endogenous
				antioxidant, GSH level.29,30 In our study, the MDA
				level was higher in hypoxia group compared to
				non-hypoxia group, and the GSH level was lower,
				indicating that oxidative stress has been occured
				in hypoxia condition, although the difference was
				not statistically significant.			


			
				Junction proteins of capillary endothelium can
				be directly impaired by free radicals produced
				by hypoxia or through signal transduction.31
				Protein damage in the endothelial layer of
				placental capillary directly produces carbonyl
				compounds.8,31,32 In our study, impaired
				endothelial protein junction of placental capillary
				was indicated by the significantly weaker
				expression of endothelial junction protein in
				hypoxia group compared to non-hypoxia group.
				Lower expression of endothelial junction protein
				in placental capillary may cause the development
				of intercellular gap among endothelial cells, which
				increases the permeability of placental capillary
				endothelial layer.31 Oxidative stress due to hypoxia
				may cause reduced N-cadherin expression, either
				at protein or mRNA level. Theoretically, H2O2
				initially activates tyrosine kinase and reduces
				the activity of cadherin/catenin phosphatase.
				Long-term exposure of H2O2 (24–48 hours or
				more) may inhibit phosphorylation p38 of
				MAPK families since the exposure of H2O2 may
				cause downstream of N-cadherin expression.33,34
				Oxidative stress due to hypoxia may also explain
				lower expression of occludin junction protein, both
				at protein and mRNA level. Activation of myosin
				light chain kinase (MLCK) and it subsequent
				phosphorylation product, the myosin light chain
				(MLC), might have the role in the lower expression
				of endothelial occludin junctional protein, which
				may lead to lower occludin expression,35 as as
				well as lower relative occludin mRNA expression
				as demonstrated by the significantly lower
				expression of occludin protein expression and
				its relative mRNA in hypoxia group compared to
				non-hypoxia group of the present study.						


			
				The trend of lower protein expression and
				occludin relative mRNA expression might be
				related to reduced adenosine triphosphate (ATP)
				production during hypoxia, which subsequently
				inhibited phosphorylation, leading to further
				downstream of occludin expression, both at
				protein and mRNA level. Phosphokinase C, which
				is activated during hypoxia, can also reduce
				occludin and threonine phosphorylation, which
				lead to less tight junction between occludin
				and actin, and ultimately results in changes of
				molecular conformation.36			


			
				However, histomorphology analysis with
				hematoxylin-eosin (HE) staining, did not show
				any significant difference of endothelial integrity
				of placental capillary between the hypoxia and
				non-hypoxia group. Hypoxia may induce capillary
				fragility or interruption of cerebral blood flow
				which can destroy capillary endothelial junctional
				protein,17 and the increase risk of IVH can be
				expected. However, this study revealed that the
				incidence of intraventricular hemorrhage was
				not different between hypoxia and non-hypoxia,
				although the expresssion of junctional proteins,
				N-cadherin, and occludin, were significantly lower
				in hypoxia group. Explanation of this discrepancy
				was not fully understood. But, some mechanisms
				could be proposed. First, it is possible that the
				decrease of junctional protein expression was not
				sufficiently low to disrupt endothelial integrity.
				Secondly, the structural difference between the
				placental barrier and blood brain barrier might
				have resulted in different resistance. Blood
				brain barrier is rich of perivascular astrocytes
				foot process rendering smaller gap between its
				endothelial cells.3,5,7,17 In addition, other factors
				than hypoxia may have contributes in the
				occurence of IVH.17			


			
				In conclusion, placental hypoxia in premature
				infants in our study was associated with lower
				expression of endothelial protein junction of
				capillary placenta and may cause changes of
				placental capillary permeability. The changes of
				capillary placental protein expression did not
				correlate with intraventricular hemorrhage.			
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Histomorphology 0.066
Score 1 (%) 17.2 3.4
Score 2 (%) 34.5 20.7
Score 3 (%) 49.3 759
N-cadherin expression 0.001
Score 1 (%) 34 0
Score 2 (%) 75.9 13.8
Score 3 (%) 6.9 20.7
Score 4 (%) 13.8 41.4
Score 5 (%) 0 21.4
Occludin expression 0.001
Score 1 (%) 20.7 3.4
Score 2 (%) 3.4 20.7
Score 3 (%) 69.0 44.8
Score 4 (%) 3.4 20.7
Score 5 (%) 6.9 10.3

* Chi square test
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Parameters

Hypoxia (n=29)

Non-hypoxia (n=29)

p

Oxygen saturation (%)
HIF-1a (pg/mg protein)

MDA (pmol/mg tissue)

GSH (ng/mg protein)

mRNA N-cadherin expression
mRNA occludin expression

Intraventricular hemorrhage

46.30 (20-59.9)
13.64+8.70
10.31 (1.92-93.61)
38.14 (9.44-118.91)
0.13
0.096
7 (24.14%)

80.10 (60.90-98.70)
10.655.35
9.77 (2.42-93.31)
38.47 (16.49-126.76)
1
1
7 (24.14%)

0.010
0.122
0.414
0.810
0.001*
0.001*
0.620

‘Mann-Whitney; fchi-square; HIF-1a:

hypoxia inducible factor -1a; MDA: malondialdehyde; GSH: gluthation peroxidase
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