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Background: Platelets play an important role in the formation of pulmonary blood vessels, and thrombocytopenia is common in patients with pulmonary diseases. However, a few studies have reported on the role of platelets in bronchopulmonary dysplasia.

Objective: The objective of the study was to explore the relationship between platelet metabolism and bronchopulmonary dysplasia in premature infants.

Methods: A prospective case-control study was performed in a cohort of premature infants (born with a gestational age <32 weeks and a birth weight <1,500 g) from June 1, 2017 to June 1, 2018. Subjects were stratified into two groups according to the diagnostic of bronchopulmonary dysplasia: with bronchopulmonary dysplasia (BPD group) and without bronchopulmonary dysplasia (control group). Platelet count, circulating megakaryocyte count (MK), platelet-activating markers (CD62P and CD63), and thrombopoietin (TPO) were recorded and compared in two groups 28 days after birth; then serial thrombopoietin levels and concomitant platelet counts were measured in infants with BPD.

Results: A total of 252 premature infants were included in this study. Forty-eight premature infants developed BPD, 48 premature infants without BPD in the control group who were matched against the study infants for gestational age, birth weight, and admission diagnosis at the age of postnatal day 28. Compared with the controls, infants with BPD had significantly lower peripheral platelet count [BPD vs. controls: 180.3 (24.2) × 109/L vs. 345.6 (28.5) × 109/L, p = 0.001]. Circulating MK count in the BPD group was significantly more abundant than that in the control group [BPD vs. controls: 30.7 (4.5)/ml vs. 13.3 (2.6)/ml, p = 0.025]. The level of CD62p, CD63, and TPO in BPD group was significantly higher than the control group [29.7 (3.1%) vs. 14.5 (2.5%), 15.4 (2.0%) vs. 5.8 (1.7%), 301.4 (25.9) pg/ml vs. 120.4 (14.2) pg/ml, all p < 0.05]. Furthermore, the concentration of TPO was negatively correlated with platelet count in BPD group with thrombocytopenia.

Conclusions: Our findings suggest that platelet metabolism is involved in the development of BPD in preterm infants. The possible mechanism might be through increased platelet activation and promoted TPO production by feedback.
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INTRODUCTION

Bronchopulmonary dysplasia (BPD) is one of the common complications in neonatal intensive care units (NICU) and is considered to be the main cause of death in preterm infants (1). In recent years, with advances in perinatal and neonatal care of preterm infants such as antenatal steroid usage, surfactant therapy, and ventilation strategies, the survival rate of premature infants also increases, resulting in an increasing incidence of BPD. BPD severely influences premature infants by increasing their risk of respiratory infection, asthma, and chronic obstructive pulmonary distress in their later life (2–4).

Currently, alveolar and microvascular arrest is considered as the pathological feature of clinical bronchopulmonary dysplasia (5), the development of alveolar microvascular can promote the formation of alveoli structure; therefore, the role of pulmonary vascular development, especially in pulmonary microvascular development in BPD is getting more and more attention.

The platelet has been recognized as a multifunctional cell, besides hemostasis and thrombosis. The platelet plays an essential role in the formation and development of pulmonary blood vessels, as demonstrated by numerous studies (6, 7). Some clinical retrospective studies (8, 9) found that mean platelet volume might predict the occurrence of BPD, and also, a study (10) has shown that higher platelet count is an independent factor of the development of moderate–severe BPD, and the research (11) found that a higher platelet transfusion threshold can increase the risk of BPD in premature infants. So, we speculate that platelets are involved in the occurrence of BPD, and a few studies have been reported in this regard.

In the present study, we evaluated this hypothesis by comparing peripheral platelet count, circulating MK count, platelet-activating markers, (CD62P and CD63) 28 days after birth in two groups, and the relationship between TPO expression and platelet count in infants with BPD.



MATERIALS AND METHODS


Study Design and Population

This is a prospective study performed at the Neonatal Intensive Care Unit (NICU), Guangdong Women and Children Hospital from June 1, 2017 to June 1, 2018. This study was approved by the ethics committee of Guangdong Women and Children Hospital. Preterm infants cared for in our center were enrolled if they satisfied the following recruitment criteria: (1) gestation <32 weeks, (2) birth weight <1.5 kg, (3) requiring mechanical ventilation for the treatment of respiratory distress syndrome for at least 3 days during the first weeks of life, (4) ventilator and/or oxygen dependent at the time of enrollment, and (5) presence of clinical and radiologic signs of BPD.

Prospectively determined exclusion criteria included the following conditions: (1) congenital abnormalities; (2) infection (bacterial infection confirmed by positive blood culture or viral infection confirmed by serological test or viral culture); (3) evidence of complications of perinatal asphyxia including an Apgar score <3 at 1 or 5 min after birth, evidence of hypoxic–ischemic encephalopathy, acute tubular necrosis, or transient myocardial ischemia; and (4) identifiable hematologic disease.

The infants who were matched against the study infant for gestational age, birth weight, and admission diagnosis were recruited as control group at their age of postnatal day 28.



Definition of Clinical Variables

The diagnosis of BPD in preterm birth was assessed using the consensus definition of the National Institute of Child Health and Human Development (NICHD). Briefly, BPD was defined as the need for supplemental oxygen for more than 28 days and the severity was assessed according to the oxygen concentration required at 36 weeks PMA or discharge (12). Neonatal thrombocytopenia was defined arbitrarily as a platelet count of <150,000 mm3. Neonatal respiratory distress syndrome (NRDS) was defined according to Gomella's Neonatology (13).



Data Collection

The following data were retrieved from the electronic medical record, including maternal disease, gestation, birth weight, gender, Apgar score, NRDS, ventilation mode, blood testing (hemoglobin, white cell count, platelet count, blood gas) using the samples collected within 1 h after birth from the peripheral arterial of the infants.



Measurements
 
Blood Sampling

In enrolled premature infants at their age of postnatal day 28, during blood sampling for routine laboratory investigation, 1 ml of blood was drawn from the peripheral arterial and placed into an EDTA tube. After mixing gently, 40 μl of whole blood was used as an aliquot for the detection of CD62P and CD63 expressions by flow cytometry. After centrifugation at 400 × g, plasma was separated from the blood and preserved at −80°C for TPO level detection. The cell pellet was resuspended in phosphate-buffered saline (PBS) for circulating MK isolation. All samples were processed within 1 h of collection.



Platelet Counts and Circulating Megakaryocyte Counts

Blood platelets were quantified by a Japanese Sysmex KX221 automatic blood cell analyzer. Circulating MK count was estimated as previously described (14). Briefly, samples were passed through a syringe filter holder (Millipore, Ireland) containing a polycarbonate membrane with an aperture of 5 μm at 37°C and then washed with 2 ml of saline. After the removal of the membrane, it was dried quickly and slightly with a heater and was left overnight at room temperature.



CD62P and CD63 Expressions

CD62P and CD63 were estimated by flow cytometry (FACSCalibur, Becton-Dickinson, San Jose, CA, USA) with the procedure details as previously described (14). In short, 40 μl of whole blood was taken at room temperature and stained with the monoclonal antibody at a saturated concentration for 30 min in dark. FITC-conjugated CD61 is regarded as a platelet-specific monoclonal antibody, and anti-cd62p and anti-cd63 combined with PE in dichroism analysis were used as platelet activation markers. After incubation, 1 ml of PBS containing 1% paraformaldehyde was added to each tube. The samples were fixed at 4°C for 24 h for flow cytometry detection. CD62P and CD63 were detected in 20,000 platelets. All antibodies were purchased from Abcam.



Plasma Thrombopoietin Concentration

TPO levels were measured using a commercially available ELISA (R&D Systems Quantikine Human TPO ELISA kit, Minneapolis, MN, USA), with a lower limit of detection of 15 pg/ml.




Statistical Analysis

Statistical analyses between the two groups were performed using two-tailed Student's t-test. One-way analysis of variance was performed to compare the relationship between TPO concentration and platelet count at each time point in BPD group. A value of p < 0.05 was considered statistically significant. All values were expressed as mean (SEM) unless otherwise stated. All statistical analyses were done using SPSS 20.0.




RESULTS


Demography Characteristics

A total of 252 eligible premature infants were admitted to our NICU during the study period, after applying exclusion criteria, 178 premature infants were included, in which 48 premature infants diagnosed with BPD, 134 premature infants without BPD, and 48 premature infants in the control group were matched 1:1 according to gestational age, birth weight, and admission diagnosis at their age of postnatal day 28 (Figure 1).


[image: Figure 1]
FIGURE 1. Flowchart of case selection and analysis.


The demographic characteristics of the study infants are shown in Table 1.


Table 1. Demographic characteristics of infants with BPD.
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We studied 48 infants in the BPD group (female: 27; male: 21) and 48 infants in the control group (female: 24; male: 24). The infants in the BPD group and control group were similar in their demographic characteristics including gestational age and birth weight. However, the infants with BPD had been exposed to a significantly higher FiO2 and had a significantly longer ventilation duration (Table 1). Among the infants with BPD, 30 infants had a peripheral platelet count <150 × 109/L, while none of the infants in the control group had a platelet count <150 × 109/L. Infants in both groups received similar conventional treatment according to the unit protocol.

Thirty thrombocytopenic infants in the BPD group were studied serially at postnatal age of day 28, day 35, and day 42, respectively. The platelet count in all these infants returned to normal by the age of day 42.



Peripheral Platelet Count

Peripheral platelet count in the BPD group was significantly lower than that in the control group [BPD vs. controls: 180.3 (24.2) × 109/L vs. 345.6 (28.5) × 109/L, p = 0.001], as shown in Figure 2.


[image: Figure 2]
FIGURE 2. Peripheral platelet counts in infants of bronchopulmonary dysplasia (BPD) and control groups (p = 0.001). *p < 0.05.




Circulating Megakaryocyte Count

Circulating MK count in the BPD group was significantly more abundant than that in the control group [BPD vs. controls: 30.7 (4.5)/ml vs. 13.3 (2.6)/ml, p = 0.025], as shown in Figure 3.


[image: Figure 3]
FIGURE 3. Peripheral megakaryocyte (MK) counts in infants of BPD and control groups (p = 0.025). *p < 0.05.




CD62P and CD63 Expressions on Platelets

When compared with the controls, premature infants with BPD had significantly greater expressions of CD62P [BPD vs. controls: 29.70 (3.1%) platelets vs. 14.5 (2.5%) platelets, p = 0.023] and CD63 [BPD vs. controls: 15.4 (2.0%) platelets vs. 5.8 (1.7%) platelets, p = 0.015)], as shown in Figures 4–6.


[image: Figure 4]
FIGURE 4. The percentage of CD61+CD62P+ in the control group and BPD group.



[image: Figure 5]
FIGURE 5. The percentage of CD61 + CD63 in the control group and BPD group.



[image: Figure 6]
FIGURE 6. CD62P and CD63 expression in infants of BPD and control groups (all p < 0.05). *p < 0.05.




Plasma Thrombopoietin Concentration

Circulating MK count in the BPD group was significantly higher than that in the control group [BPD vs. controls: 301.4 (25.9) pg/ml vs. 120.4 (14.2) pg/ml, p = 0.032], as shown in Figure 7.


[image: Figure 7]
FIGURE 7. Plasma thrombopoietin (TPO) level in infants of BPD and control groups (p = 0.032). *p < 0.05.




Plasma Thrombopoietin Response to Thrombocytopenia in Infants With Bronchopulmonary Dysplasia

TPO levels showed an inverse relationship with peripheral platelet count, peaking near the nadir and decreasing as platelet count increased, as shown in Figure 8.


[image: Figure 8]
FIGURE 8. Response of plasma TPO to thrombocytopenia in infants with BPD.





DISCUSSION

In this prospective study, we studied the relevant indicators of platelet metabolism in premature infants with BPD and analyzed its relationship with the occurrence of BPD. Our finding in this study was consistent with our observation in the rat model (15).

In previous studies (16, 17), we have known that CD62p and CD63 are sensitive indicators of platelet activation, and we found that CD62p and CD63 were increased in premature infants who developed BPD compared with those who did not, and the platelet count in the BPD group was significantly lower than in the non-BPD group. Our observation suggested that in infants with BPD, platelet consumption was at least partly responsible for the low peripheral platelet count. The new type of BPD is characterized by alveolar and microvascular dysplasia (5), and endothelial cell injury will impair lung vascular and alveolar growth. Previous workers have reported that pulmonary endothelium was the earliest cell damaged by oxygen free radicals (18), which was followed by an influx of inflammatory cells, such as neutrophils.

Once endothelial damage occurs, the activated platelets cause inflammation by the migration of central granulocytes, which play a key role in the arrested lung development (19). In addition, the intercellular adhesion molecule-1, one of the markers in estimating neutrophil attachment to endothelial cells, was elevated in infants with BPD (20). Furthermore, the vascular endothelial growth factor, one of the markers in evaluating the growth and repair of vascular endothelial cell, was lower in infants with BPD than those without BPD (21). In addition, activated polymorphonuclear leukocytes can cause lung tissue injury by the release of toxic oxygen radicals, all of which can further damage the endothelium and increase platelet activation (22). These observations, together with ours, indicated that pulmonary endothelial damage in infants with BPD may lead to platelet activation and, most likely, increased platelet consumption, resulting in the reduction of peripheral platelet count. Therefore, inhibition of platelet activation may improve the occurrence of BPD.

Our previous study (15) confirmed that the lung is an important site for MK fragmentation and platelet release by comparing the MK and platelet counts between the pre-pulmonary and post-pulmonary blood in rats. Using state-of-the-art intravital microscopy, Lefracais et al. (23) observed the dynamic release of platelets by intravascular megakaryocytes in the lung microcirculation of mice, and intravascular lung megakaryocytes account for about 50% of total platelet production. In this study, as the central arterial and venous catheters were rarely simultaneously available in infants at their postnatal 28 days, we were not able to estimate the platelet and MK count at the pre-pulmonary and post-pulmonary circulation. Thus, we cannot confirm the effect of lung damage in BPD on platelet production. However, it is possible that in infants with BPD, there were lots of pulmonary capillary beds or the damaged endothelium was unable to retain MK for platelet release. On the other hand, mechanical ventilation may damage the pulmonary blood–gas barrier, which causes leakage of fluid, protein, and blood cells into tissue and air spaces. This leakage may result in leakage of MK cells into the alveoli and impairment of MK fragmentation into platelets due to functional impairment of the filtration and sequestration functions of pulmonary capillaries. In this experiment, we found that circulating MK count in the preterm with BPD was higher than that without BPD. The circulating MK, reflecting the MK progenitor in bone marrow, suggests that thrombocytopenia may initiate a feedback mechanism to stimulate the generation of bone marrow megakaryocytes, to increase the number of megakaryocytes in circulation.

Thrombocytopenia is the common complication of newborns in NICU. To our knowledge, TPO is a major regulator of platelet production. So far, there are no reports on plasma TPO level in infants with BPD or its relationship with platelet count. Therefore, in our study, serial TPO and platelet count measurements were obtained in some subjects. Platelet count in infants with BPD showed significantly increased plasma TPO level when compared with the infants in the control group. Our finding that TPO showed a decrease at the time of resolution of thrombocytopenia has also been observed in both adults and children (24, 25). The mechanism might be that plasma TPO concentration is dependent on circulating platelet mass (26). Elevated platelet levels lead to increased binding of cytokines to platelet receptors, which increases the activity of antiplatelet antibodies and reduces plasma concentration. Conversely, lower platelet levels lead to decreased absorption and catabolic metabolism, which leads to higher plasma TPO concentrations. This theory supports our findings.

In conclusion, platelets may play an important role in the formation and development of pulmonary microvascularization in premature infants with BPD. The mechanism may be related to platelet activation and TPO regulation. However, the specific mechanism of TPO-regulating platelets in infants with BPD needs to be further studied, which provides a new idea for the study of BPD.
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